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ABSTRACT

Introduction and objectives: Nonagenarians are a fast-growing age group among cardiovascular patients, especially with aortic 
stenosis, but data about their prognosis after transcatheter aortic valve implantation (TAVI) is scarce. The objective of our study 
is to analyze the baseline characteristics of nonagenarians treated with TAVI and determine whether age ≥ 90 years is associated 
with a worse prognosis compared to non-nonagenarian patients. 
Methods: We included all patients ≥75 years enrolled in the multicenter prospective Spanish TAVI registry between 2009 and 
2018. Patients < 75 years were excluded. 
Results: A total of 8073 elderly patients (≥ 75 years) from 46 Spanish centers were enrolled in the Spanish TAVI registry; 7686 
were between ≥ 75 and < 90 years old (95.2%), and 387 were nonagenarian patients (4.79%). A gradual increase of nonagenarians 
was observed. The transfemoral access was used in 91.6% of the cases, predominantly among the nonagenarian patients (91.4% 
vs 95.1%, P = .01). Nonagenarians were more likely to die during their hospital stay (4.3% vs 7.0% among nonagenarians, P = .01). 
However, no difference was seen in the all-cause mortality rates reported at the 1-year follow-up (8.8% vs 11.3%, P =.07). In the 
multivariate analysis, age ≥ 90 years was not independently associated with a higher adjusted all-cause mortality rate (HR, 1.37, 
95%CI, 0.91–1.97, P =  .14). The baseline creatinine levels, and the in-hospital bleeding complications were all associated with a 
worse long-term prognosis in nonagenarians treated with TAVI. 
Conclusions: Nonagenarians are a very high-risk and growing population with severe AS in whom TAVI may be a safe and effective 
strategy. Careful patient selection by the TAVI heart team is mandatory to achieve maximum efficiency in this population where 
the baseline kidney function and bleeding complications may determine the long-term prognosis after TAVI. 
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INTRODUCTION

The development of transcatheter aortic valve implantation (TAVI) 
has marked a milestone in the management of severe aortic stenosis 
(AS). Thanks to its minimally invasive approach, TAVI allows us to 
treat patients with severe AS and inoperable or high surgical risk, 
thus improving their prognosis and quality of life compared to stan-
dard therapy and surgical aortic valve replacement (SAVR), respec-
tively.1,2 According to trial results, elderly patients have benefited the 
most due to their high surgical risk. Given the current demographic 
trend towards aging3 in developed countries and the increasing prev-
alence of the corresponding severe AS,4 it seems reasonable to expect 
that the number of elderly patients with severe AS who will require 
TAVI within the next few decades will be on the rise. In this sense, 
nonagenarians are a fast-growing and high-risk segment of the popu-
lation on whom scarce data on specific outcomes are available. Given 
their anticipated short life expectancy and comorbidity burden, TAVI 
may be an excellent option for them. However, we should mention 
that the absolute cost of TAVI is high.5 Therefore, there is an unmet 
need for “real-world” data before assessing the impact of this benefi-
cial and expensive technique in a growing and high-risk population 
like nonagenarians. To this end, the objective of our study was to 
describe the baseline characteristics, assess the clinical outcomes, and 
identify the characteristics of futility of this high-risk subgroup based 
on data from the Spanish TAVI registry.6 

METHODS

Patient selection and follow-up

The Spanish TAVI registry is a multicenter prospective registry that 
enrolled all consecutive patients with severe AS treated with TAVI 

in 46 Spanish centers (table 1 of the supplementary data). The 
Spanish TAVI registry has been promoted by the Interventional 
Cardiology Association of the Spanish Society of Cardiology. For 
our analysis, we included all patients ≥  75 years included in the 
Spanish TAVI registry from 2009 through 2018. Patients < 75 years 
were excluded. The baseline characteristics, echocardiographic 
findings, and procedural results were all recorded. The follow-up 
protocol included a medical consultation 30 days and 1 year after 
hospital discharge. The registry complies with the Spanish legisla-
tion on data protection and has been approved by a central ethics 
committee. Center participation in this registry was voluntary and 
all participants gave their informed consent. All data were included 
in the registry prospectively and systematically reviewed while 
looking for inconsistencies or lack of data. The data collected 
included the patients’ demographic characteristics, past medical 
history, baseline clinical characteristics, echocardiographic find-
ings, procedural characteristics, and in-hospital clinical and 
follow-up outcomes. 

Study endpoints and definitions

Standardized definitions of all patient-related variables, clinical 
diagnoses, and in-hospital complications and outcomes were used 
according to the Valve Academic Research Consortium (VARC) 
definitions.7,8 The primary endpoint was all-cause mortality occur-
ring within the first year after TAVI between nonagenarians and 
elderly non-nonagenarian patients. Also, the rates of in-hospital 
mortality, stroke, myocardial infarction, major or life-threatening 
bleeding events as defined by the VARC criteria,8,9 and permanent 
pacemaker implantation were compared too. High surgical risk was 
defined as logistic EuroSCORE values > 20% or Society of Thoracic 
Surgeons (STS) risk model values > 8%. The unadjusted and 

Abbreviations

TAVI: transcatheter aortic valve implantation. AS: aortic stenosis. SAVR: surgical aortic valve replacement.

Pronóstico de pacientes nonagenarios tras implante percutáneo  
de válvula aórtica

RESUMEN

Introducción y objetivos: Los nonagenarios son un grupo de edad en rápido crecimiento entre los pacientes cardiovasculares, en 
especial con estenosis aórtica, pero los datos sobre su pronóstico después de la implantación transcatéter de válvula aórtica (TAVI) 
son escasos. El objetivo de este estudio es analizar las características basales de los nonagenarios tratados con TAVI y determinar 
si la edad ≥ 90 años está relacionada con un peor pronóstico en comparación con los pacientes no nonagenarios.
Métodos: Se incluyó a todos los pacientes ≥ 75 años inscritos en el registro prospectivo multicéntrico español de TAVI entre 2009 
y 2018. Se excluyó a aquellos < 75 años.
Resultados: Se inscribieron en el registro español de TAVI 8.073 pacientes ≥ 75 años de 46 centros de España; 7.686 de > 75 a 
90 años (95,2%) y 387 nonagenarios (4,79%). Se observó un aumento progresivo de los nonagenarios. El acceso transfemoral se 
utilizó en el 91,6% de los casos, predominantemente en los nonagenarios (91,4 frente a 95,1%; p = 0,01). Los nonagenarios tenían 
más probabilidades de morir durante la hospitalización (4,3 frente a 7,0%; p = 0,01). Sin embargo, no hubo diferencia en la tasa 
de mortalidad por cualquier causa al año de seguimiento (8,8 frente a 11,3%; p = 0,07). En el análisis multivariable, la edad ≥ 90 años 
no se asoció de forma independiente con un aumento de la mortalidad por cualquier causa ajustada (HR = 1,37; IC95%, 0,91-1,97; 
p = 0,14). La creatinina basal y las complicaciones hemorrágicas intrahospitalarias se asociaron a un peor pronóstico a largo plazo 
en pacientes nonagenarios tratados con TAVI.
Conclusiones: Los nonagenarios son una población creciente y de muy alto riesgo, con estenosis aórtica grave, para quienes la 
TAVI podría representar una estrategia segura y efectiva. Una cuidadosa selección de los pacientes por un equipo multidisciplinario 
de TAVI es obligatoria para lograr la máxima eficiencia en esta población en la que la función renal basal y las complicaciones 
hemorrágicas pueden determinar el pronóstico a largo plazo tras la TAVI.

Palabras clave: TAVI. Estenosis aórtica. Nonagenarios. Ancianos.
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adjusted short- (in-hospital) and long-term (within the first year 
after TAVI) mortality rates were assessed in the general cohort. 

Statistical analysis

Categorical variables were expressed as frequencies (percentages), 
and the differences were assessed using the chi-square test (or 
Fisher’s exact test, when appropriate). Continuous variables were 
expressed as mean ± standard deviation or as median [interquartile 
range]. The Kolmogorov-Smirnov test was used to guarantee a 
normal distribution. Continuous variables were compared using the 
analysis of variance (ANOVA) test or the Kruskal-Wallis test, when 
appropriate. Using all follow-up data available survival curves were 
built for the time-to-event variables using the Kaplan-Meier method. 
To identify the independent predictors of first year all-cause 
mortality in the general cohort, the multivariate Cox proportional 
hazard regression model was used. The proportionality assumption 
was assessed graphically using log-minus-log plots. Also, the Cox 
proportional hazard models for the primary endpoint satisfied the 
proportional hazards assumption. In all analyses, 2-tailed P values 
<  .05 were considered statistically significant. Follow-up was 
scheduled to end on the date of the last follow-up or at the 1-year 
mark, whichever came first. The analyses were performed using 
IBM SPSS statistical software (V 19.0, IBM, United States). 

RESULTS

Baseline and echocardiographic characteristics

From January 2012 through December 2018, a total of 8073 elderly 
patients (≥ 75 years) from 46 Spanish centers were enrolled in the 
Spanish TAVI registry; 7686 (95.2%) were elderly non-nonagenarian 
patients (≥ 75-< 90 years) while 387 (4.79%) were nonagenarians 
(≥ 90 years). The patients’ baseline characteristics in both groups 
are shown on table 1. The mean age ± standard deviation of the 
non-nonagenarian group was 82.6 ± 3.66 years (91.06 ± 1.29 years 
in nonagenarians). Women were predominant in both groups 
(55.3% vs 58.4% in nonagenarians; P =  .23). Nonagenarians had a 
lower prevalence of diabetes mellitus, peripheral arterial disease or 
previous myocardial infarction. On the other hand, they showed a 
lower estimated glomerular filtration rate at baseline, and a higher 
EuroSCORE model I. There were no differences in the TAVI indi-
cations between both groups. Figure 1 shows the number and 
percentage of nonagenarians treated with TAVI over the years. In 
absolute terms, there is a gradual increase of nonagenarians from 
the 11 patients reported in 2011 to the 78 patients reported in 2018. 

Procedural characteristics

The post-implantation TAVI echocardiographic findings and proce-
dural characteristics are shown on table 2. Transfemoral access was 
used in 91.6% of the cases, predominantly among nonagenarians 
(91.4% vs 95.1%; P = .01). No differences were seen in the type or 
size of valve used. The device implantation success achieved was 
high in both groups (94.9% vs 95.6%; P = .55). 

Clinical outcomes

A comparison of clinical outcomes between the non-nonagenarian 
group and the nonagenarian one is shown on table 3. Compared 
with the non-nonagenarian group, nonagenarians were more likely 
to die during their hospital stay (4.3% vs 7.0% among nonagenar-
ians; P =  .01) and have major or life-threatening bleeding events 
(1.2% vs 3.1%; P  <  .05). No differences were found in stroke, 

myocardial infarction, vascular complications, permanent pace-
maker implantation or acute kidney injury. The median follow-up 
was 308 days (31-365). At the 1-year follow-up, a total of 719 
patients had died (8.9%). The unadjusted risk of all-cause mortality 
at the 1-year follow-up was similar among nonagenarians compared 
to the non-nonagenarian group (8.8% vs 11.6%; P = .07) (figure 2). 

The multivariate Cox proportional hazard models identified inde-
pendent predictors of all-cause mortality in the cohort (table 4). Age 
≥ 90 years was not independently associated with a higher adjusted 
all-cause mortality rate (hazard ratio [HR], 1.37; 95% confidence 
interval [95%CI], 0.91–1.97; P = .14). The baseline creatinine levels 
prior to the procedure (HR, 1.28; 95%CI, 1.15–1.44; P  <  .001), 
dyspnea as the predominant symptom of severe AS (HR, 1.49, 95% 
CI 1.14–1.3, P <  .01), surgical risk assessment as high-risk or 
inoperable (HR, 1.34; 95%CI, 1.01–1.79; P = .04), and atrial fibril-
lation (HR, 1.37; 95% CI, 1.09–1.73; P = .008) were independently 
associated with a higher adjusted all-cause mortality rate. On the 
other hand, the body mass index (HR, 0.97; 95%CI, 0.95-0.99; 
P =  .02), the use of femoral access (HR, 0.68; 95%CI, 0.51–0.92; 
P = .02), and the device implantation success rate (HR, 0.18; 95%CI, 
0.13–0.23; P < .001) were associated with a lower adjusted all-cause 
mortality rate at the follow-up. 

Table 2 of the supplementary data shows differences in the baseline 
characteristics, echocardiographic findings, and procedural charac-
teristics between the nonagenarian patients who died at the 
follow-up and those who did not. The nonagenarians who died after 
TAVI had higher baseline creatinine levels (1.16  ±  0.42 vs 
1.34 ± 0.56; P = .02), and more in-hospital complications: vascular 
complications (12.2% vs 35.7%; P = .001), major or life-threatening 
bleeding events (0.9% vs 21.4%; P < .001), and acute kidney injury 
(5.2% vs 19.0%; P = .004).

DISCUSSION

There are 3 main findings in our study. First, the absolute number 
of nonagenarians treated with TAVI has been growing gradually 
over time. Secondly, age ≥ 90 years was not independently associ-
ated with a higher adjusted all-cause mortality rate. Thirdly, both 
the baseline kidney function and in-hospital complications have 
been associated with the prognosis of nonagenarians treated with 
TAVI. 

The number of nonagenarians treated with TAVI has been 
growing gradually over time 

Aortic stenosis is a slowly progressive heart disease associated 
with dismal outcomes within a few years after symptom onset if 
it goes untreated. Surgical aortic valve replacement (SAVR) has 
been the only effective treatment of severe AS for many years. 
This has resulted in a high percentage of patients with severe AS 
going untreated because the risks of this surgical procedure 
outweigh its possible benefits. Over the last few years, the devel-
opment of minimally invasive TAVI has changed the deci-
sion-making process regarding valvular procedures.10 Initially 
introduced as a ‘bailout’ therapy for inoperable patients with 
severe AS, TAVI is currently a feasible option for high- and inter-
mediate- risk patients,11 which widens the spectrum of patients 
with severe AS who get treated and moves away from the poor 
outcomes associated with the standard treatment (an all-cause 
mortality risk at 5 years of nearly 93%).1 The great beneficiaries 
are elderly patients who used to be considered noneligible for 
SAVR as confirmed by the CURRENT AS (Contemporary outcomes 
after surgery and medical treatment in patients with severe aortic 
stenosis) registry.12 
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Table 1. Clinical characteristics

Variable All patients  
(N = 8073)

Elderly < 90 y 
(N = 7686)

Nonagenarians 
(N = 387)

P

Demographics

Age, years 82.9 ± 4.01 82.6 ± 3.66 91.1 ± 1.29 < .001

Women 4476 (55.5%) 4250 (55.3%) 226 (58.4%) .23

Body mass index (kg/m2) 27.8 ± 4.60 27.9 ± 4.70 26.3 ± 4.20 < .001

Medical history

Hypertension 6572 (82.9%) 6259 (83.0%) 313 (81.9%) .59

Hyperlipidemia 4502 (59.7%) 4313 (59.2%) 189 (49.7%) < .001

Diabetes mellitus 2660 (34.5%) 2586 (35.3%) 74 (19.3%) < .001

Smoker 1254 (20.4%) 1207 (20.6%) 47 (15.9%) .05

Peripheral arterial disease 972 (12.9%) 943 (13.2%) 29 (8.4%) .01

Chronic kidney disease

Hemodialysis 98 (1.4) 98 (1.5) 0 .02

Baseline estimated glomerular filtration rate (mL/min) 54.0 ± 27 54.5 ± 27 44.5 ± 21 < .001

Previous stroke 847 (11.1%) 805 (11.1%) 42 (11.1%) .99

Heart disease

Previous ischemic heart disease 4553 (57.9%) 4346 (59.9%) 207 (55.3%) .08

Previous myocardial infarction 935 (12.6%) 904 (12.8%) 31 (8.8%) .03

Previous percutaneous coronary intervention 1563 (20.6%) 1508 (20.9%) 55 (14.9%) .006

Percutaneous coronary intervention 
1-month before 

1888 (24.8%) 1816 (25.0%) 72 (19.5%) .02

Previous coronary artery bypass grafting 539 (7.30%) 536 (7.6%) 3 (0.9%) < .001

Previous heart valve surgery

Aortic 227 (2.9%) 223 (3.0%) 4 (1.1%) .03

Mitral 115 (1.5%) 113 (1.5%) 2 (0.5%) .12

Atrial fibrillation 2169 (27.9%) 2075 (28.1%) 94 (24.9%) .19

Previous pacemaker or ICD 582 (7.50%) 552 (7.50%) 30 (8.00%) .73

Risk scores

Logistic EuroSCORE, % 16.72 ± 11.6 16.54 ± 11.6 20.31 ± 11.9 < .001

Clinical presentation

Angina 578 (7.30%) 559 (7.40%) 19 (4.90%) .06

Dyspnea 5000 (67.0%) 4730 (66.7%) 270 (72.4%) .02

Echocardiographic characteristics

LVEF, % 57.4 ± 15.4 57.4 ± 15.5 58.8 ± 11.8 .47

Mean gradient, mmHg 48.2 ± 15.0 48.1 ± 14.9 51.0 ± 15.1 < .001

Peak gradient, mmHg 78.9 ± 22.9 78.7 ± 22.8 83.8 ± 23.0 < .001

Aortic valve area, cm2 0.66 ± 0.2 0.66 ± 0.2 0.62 ± 0.2 .06

Moderate or severe mitral regurgitation 469 (6.9%) 444 (6.9%) 25 (7.8%) .57

Moderate or severe aortic regurgitation 151 (3.1%) 143 (3.0%) 8 (3.3%) .79

Pulmonary artery systolic pressure, mmHg 46.55 ± 18.0 46.24 ± 13.6 46.56 ± 18.2 .83

Diameter of the aortic annulus, mm 23.90 ± 2.8 23.07 ± 2.8 22.70± 2.7 .08

TAVI indication .10

Contraindication 1656 (29.3%) 1584 (29.5%) 72 (25.3%)

High risk 2379 (42.0%) 2242 (41.7%) 137 (48.1%)

Intermediate risk 1626 (28.7%) 1550 (28.8%) 76 (26.7%)

ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; TAVI, transcatheter aortic valve implantation.
Data are expressed as no. (%) or mean ± standard deviation.
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In our study, we saw an increase in the absolute number of nona-
genarians treated with TAVI from only 11 cases reported before 
2009 to 78 cases reported back in 2018 (figure 1). The gradual 
increase in the number of nonagenarians referred for TAVI can be 
explained by the greater knowledge gained on this technique, the 
excellent early results reported,6 the higher number of TAVIs 
performed, and the gradual aging of the population, which is a 
global phenomenon. The aging of the population is a global 

phenomenon. There were 703 million people > 65 years in the 
world in 2019. The number of elderly people is projected to double 
to 1.5 billion by 2050.3 It has been predicted that, in Spain, by 2040, 
life expectancy will exceed 85 years of age in both sexes.13 Other 
study claims that chances are over 50% that by 2030, female life 
expectancy will break the 90-year barrier, a level deemed unattain-
able by some at the turn of the 21st century. South Korea would 
have the highest projected female life expectancy followed by 
France, Spain, and Japan.14 Taking these data into consideration, 
the natural evolution of valvular heart disease, the advances made 
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Figure 1. Absolute number and rate of nonagenarians treated with TAVI by 
year. The bar chart and line graph respectively express the number and rate 
of nonagenarian patients with severe aortic stenosis treated with TAVI from 
2009 to 2018. TAVI, transcatheter aortic valve implantation.

Table 2. Procedural characteristics

Variable All patients 
(N = 8073)

Elderly < 90 y 
(N = 7686)

Nonagenarians 
(N = 387)

P

Procedural characteristics

Balloon-expandable 
valve 

3663 (45.7%) 3477 (45.6%) 186 (48.1%) .34

Self-expanding valve 4356 (54.3%) 4155 (54.4%) 201 (51.9%)

Valve size .82

< 23 2126 (28.3%) 2017 (28.3%) 109 (29.1%)

24-28 3146 (41.9%) 2987 (41.9%) 159 (42.5%)

< 29 2236 (29.8%) 2130 (29.9%) 106 (28.3%)

Transfemoral access 7360 (91.6%) 6993 (91.4%) 367 (95.1%) .01

Predilatation 2617 (49.9%) 2508 (50.2%) 109 (44.0%) .06

Postdilatation 1671 (22.4%) 1593 (22.3%) 78 (22.7%) .86

Device implantation 
success

7666 (95.0%) 7296 (94.9%) 370 (95.6%) .55

Procedural duration, 
min 

104.2 ± 48 103.9 ± 48 109.7 ± 51 .05

Post-TAVI echocardiographic characteristics 

Mean gradient, 
mmHg

10.1 ± 5.5 10.1 ± 5.5 9.5 ± 4.3 .18

Peak gradient, mmHg 18.9 ± 9.9 18.9 ± 10.0 18.0 ± 8.3 .14

LVEF, left ventricular ejection fraction; TAVI, transcatheter aortic valve implantation. 
Data are expressed as no. (%) or mean ± standard deviation.

Table 3. Outcomes

Variable All patients 
(N = 8073)

Elderly < 90 y 
(N = 7686)

Nonagenarians 
(N = 387)

P

Procedural

Conversion to  
open-heart surgery

54 (0.7%) 51 (0.7%) 3 (0.8%) .74

In-hospital

Death 357 (4.4%) 330 (4.3%) 27 (7.0%) .01

Stroke 148 (1.8%) 144 (1.9%) 4 (1.0%) .23

Myocardial 
infarction 

99 (1.2%) 94 (1.2%) 5 (1.3%) .81

Vascular 
complication 

976 (12.1%) 919 (12.0%) 57 (14.7%) .10

Major/life- 
threatening bleeding 

108 (1.3%) 96 (1.2%) 12 (3.1%) .002

Permanent  
pacemaker 
implantation 

1213 (15.0%) 1155 (15.0%) 58 (15.0%) .98

AKI > 1 466 (5.8%) 440 (5.5%) 26 (6.7%) .41

Follow-up 

Median 1-year 
follow-up

308 (31-365) 306 (31-365) 362 (19-365) .60

1-year all-cause 
mortality rate

719 (8.9%) 674 (8.8%) 45 (11.6%) .072

AKI, acute kidney injury.
Data are expressed as no. (%) or mean ± standard deviation.

Figure 2. Kaplan-Meier survival estimates for the 1-year all-cause mortality 
and survival rates. 95%CI, 95% confidence interval; HR, hazard ratio. 
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with TAVI devices, and the results associated with this procedure,15 
a higher number of nonagenarians with severe AS should be 
expected in the coming future. This should lead to more routine 
assessments of these patients by the heart team on the possibility 
to perform TAVI.

Being a nonagenarian is not associated with a higher adjusted 
all-cause mortality rate in TAVI 

Over the last decade, healthcare spending has been gradually rising 
at a higher speed than the gross domestic product, which challenges 
the sustainability of healthcare systems.16 A number of factors have 
been identified as contributors to increasing spending, among them, 
the aging of the population and the development of new medical 
technologies.17 Both are implicated in our study. Given the economic 
implications of TAVI,18 identifying the patients in whom TAVI would 
likely be futile, as defined by the composite endpoint of death and/
or absence of functional improvement at the postoperative short-term 
follow-up (6 months to 1 year),19 must be a priority. In our study, 
age ≥  90 years was not independently associated with a higher 
adjusted all-cause mortality rate. This may be due to the fact that 
nonagenarians treated with TAVI are a highly selected population 
with a healthier clinical profile compared to younger patients. This 
is a selection bias introduced by the heart team that selects the 
healthiest nonagenarians to perform TAVIs while looking for the 
highest benefit possible, which is seen in the preferential use of 
femoral access. Our results are consistent with other cohorts of 

nonagenarians treated with TAVI.20,21 In addition, several studies 
have shown that the benefit of the procedure goes beyond a higher 
survival rate, thus improving the quality of life.22,23 This is a remark-
able aspect in the elderly setting: the so-called idea of “adding life to 
years” rather the “adding years to life”. Nevertheless, we should be 
cautious when interpreting the results reported: we found that 1 in 
10 nonagenarians treated with TAVI died within the first 30 days. 

Prognosis in this high-risk population can improve if TAVI is 
performed in advance in asymptomatic patients with severe AS. 
Detecting the early signs of symptoms can be challenging in many 
sedentary and deconditioned elderly patients in whom irreversible 
left ventricular decompensation may have appeared when detected. 
This strategy is supported by evidence from the recently published 
RECOVERY trial (The randomized comparison of early surgery 
versus conventional treatment in very severe aortic stenosis).24 It 
was designed to compare the long-term clinical outcomes of early 
surgical aortic valve replacement and the outcomes of a conserva-
tive strategy in asymptomatic patients with fairly severe aortic 
stenosis (transvalvular velocity ≥  4.5 m per second) based on the 
current clinical practice guidelines. It was found that the rate of 
the composite endpoint of procedural mortality or cardiovascular 
death at the follow-up was significantly lower in those treated with 
early aortic valve replacement surgery compared to those treated 
conservatively [1% vs 15%, HR 95%CI, 0.009 (0.001–0.67)]. The 
performance of TAVI as a less invasive procedure compared to 
surgery can be easily justified as a preventive measure in nonage-
narians instead of having to wait for the development of early 
symptom to trigger this valve procedure. Two randomized controlled 
trials, the EARLY-TAVR (Evaluation of transcatheter aortic valve 
replacement compared to surveillance for patients with asymptom-
atic severe aortic stenosis; NCT03042104) and the EVoLVeD (Early 
valve replacement guided by biomarkers of left ventricular decom-
pensation in asymptomatic patients with severe aortic stenosis) 
trials25 are currently recruiting asymptomatic patients with AS to 
study if an early therapeutic approach may actually improve the 
outcomes compared to the current standard of care. These trials 
have the potential to change clinical practice and reduce the 
threshold for the procedure.26 

The finding on mid-term futility characteristics  
in nonagenarians 

This is the third and last point we would like to underline. In our 
cohort, we identified several characteristics associated with a worse 
prognosis (table 2 of the supplementary data), and their recognition 
may help clinicians select the eligible nonagenarians for TAVI. 
Among them, 2 deserve special attention: the presence of chronic 
kidney disease and a bleeding event as in-hospital complications. 
Chronic kidney disease is widely known as one of the worst prog-
nostic factors among patients treated with SAVR,27 and similar 
results have been reported in TAVI.28 In our study, higher baseline 
creatinine levels at admission were associated with a worse long-
term prognosis. Our results are consistent with those from different 
registries that found that the presence of chronic kidney disease has 
been consistently associated with poorer outcomes after TAVI.7 
Yamamoto et al29 studied the prognostic value of an impaired renal 
function based on a chronic kidney disease classification in very 
elderly patients treated with TAVI. They found that, in stage 4 
patients (eGFR <  30 mL/min/1.73 m2), the 30-day, 1-year, and 
cumulative 2-year mortality rates were 26.2%, 47.8%, and 68.2%, 
respectively. On the other hand, something that would explain the 
higher in-hospital mortality rate of nonagenarians is the presence of 
major or life-threatening bleeding compared to younger patients. 
Patients treated with TAVI have a high baseline risk of bleeding: 
peripheral vasculopathy, chronic kidney disease, acquired and 
reversible von Willebrand disease, and acquired thrombocytopenia30 

Table 4. Independent predictors of all-cause mortality

Variable Univariate analysis Multivariate analysis

HR (95%CI) P HR (95%CI) P

Age ≥ 90 years 1.59 (1.16-2.18) .007 1.37 (0.91-1.97) .14

Women 0.94 (0.80-1.11) .49 – –

Body mass index (kg/m2) 0.97 (0.95-0.98) < .001 0.97 (0.95-0.99) .02

Peripheral vascular 
disease 

1.34 (1.07-1.68) .06 – –

Baseline creatinine 
levels (mL/min)

1.22 (1.11-1.34) < .001 1.28 (1.15-1.44) < .001

Atrial fibrillation 1.28 (1.07-1.52) .008 1.37 (1.09-1.73) .008

Previous pacemaker  
or ICD 

0.70 (0.49-1.01) .05 – –

LVEF, % 0.99 (0.98-0.99) .007 – –

Moderate or severe 
mitral regurgitation 

1.39 (1.02-1.89) .05 – –

Moderate or severe 
aortic regurgitation

1.49 (0.88-2.56) .16

Dyspnea 1.26 (1.04-1.52) .02 1.49 (1.14-1.93) .002

High-risk/inoperable 1.57 (1.23-2.00) < .001 1.34 (1.01-1.79) .04

Transfemoral access 0.61 (0.48-0.78) < .001 0.68 (0.51-0.92) .02

Device implantation 
success

0.19 (0.15-0.23) < .001 0.18 (0.13-0.23) < .001

95%CI, 95% confidence interval; HR, hazard ratio; ICD, implantable cardioverter-defibril-
lator; LVEF, left ventricular ejection fraction.
Hazard ratios and their 95% confidence intervals were calculated using the multivariate 
Cox regression analysis.
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increase the risk of bleeding events.31 Age has been associated with 
bleeding events after TAVI immediately after the procedure or later 
on,32 along with chronic kidney disease and comorbidities. Age and 
comorbidities are non-modifiable variables, which means that 
modifiable variables associated with bleeding like vascular access33 
and antithrombotic therapy should be controlled. In this regard, 
intensive antithrombotic regimens with dual antiplatelet therapy 
with aspirin plus clopidogrel have been the standard antithrombotic 
therapy at discharge after TAVI.34 This could have a higher negative 
impact on nonagenarians since age is one of the major predictors 
of bleeding when on dual antiplatelet treatment.35 The recently 
published POPular TAVI trial36 showed that, among patients treated 
with TAVI without an indication for anticoagulation, aspirin alone 
was associated with fewer all bleeding and nonprocedural-related 
bleeding complications compared to aspirin and clopidogrel. The 
adoption of a single antiplatelet therapy regime after TAVI instead 
of dual antiplatelet therapy may reduce the number of major 
bleeding events in this high-risk population, thus improving the 
efficacy and long-term prognosis of TAVI in this population. 
Regarding the predictive ability of the surgical risk score, the 
STS-PROM is the only surgical risk score to accurately predict 
mortality risk in nonagenarians.20 Finally, although the presence of 
atrial fibrillation is less common among patients who died at the 
follow-up compared to those who survived, we think this correla-
tion to be spurious given the results shown in other series of 
nonagenarian patients treated with TAVI that revealed the presence 
of atrial fibrillation associated with a worse prognosis.21 

Study limitations

The main limitation of this study is its observational design, which 
implies an inherent selection bias. Also, it is difficult to capture and 
control all potential confounders such as the time trend of the 
technique used and the type of patients.15 Our data come from a 
voluntary registry whose data have not been externally audited and 
does not include all Spanish TAVI-capable centres. This limits the 
external validity of our results. In addition, the sample size may be 
lacking the statistical power to detect other statistically significant 
differences in the outcomes reported and does not allow us to 
develop a multivariate analysis to assess independent predictors of 
all-cause mortality in a cohort of nonagenarian patients. The lack 
of antithrombotic therapy at discharge does not allow us to deter-
mine its actual impact on this population. Also, we are lacking data 
on quality of life at the follow-up—a remarkable aspect in the 
elderly setting—and the prognosis of the procedure > 1-year 
follow-up. The inclusion of nonagenarians in large, well-designed, 
randomized clinical trials is needed to fully clarify the actual poten-
tial benefit of TAVI in this high-risk cohort of patients.

CONCLUSIONS

Nonagenarians are a growing very high-risk population with severe 
AS for whom TAVI may be a safe and effective option. Careful 
patient selection by the TAVI heart team is required to achieve 
maximum efficiency in this population where baseline kidney 
function and bleeding complications may determine the long-term 
prognosis after TAVI. 
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WHAT IS KNOWN ABOUT THE TOPIC?

– Nonagenarians are a fast-growing age group among 
cardiovascular patients, especially with aortic stenosis.

– Due to its minimally invasive approach, TAVI allows us to 
treat patients with severe aortic stenosis who are inoper-
able or at high surgical risk, which improves their prognosis 
and quality of life compared to standard therapy. 

– Given their anticipated short life expectancy and comor-
bidity burden, TAVI may be an excellent alternative for 
nonagenarians with severe aortic stenosis, but the data 
on their prognosis after TAVI are still scarce.

WHAT DOES THIS STUDY ADD?

– This is the first study to assess the prognosis of the 
nonagenarian population after TAVI in our setting. 

– A progressively increase of nonagenarians was observed 
and because of the aging of the population, a higher 
number of nonagenarians with severe aortic stenosis will 
be expected in the coming future.

– Being a nonagenarian is not associated with a higher 
adjusted all-cause mortality rate in TAVI; instead, careful 
patient selection is essential to achieve maximum effi-
ciency in this high-risk population.
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SUPLEMENTARY DATA

Supplementary data associated with this article can be found 
in the online version available at https://doi.org/10.24875/
RECICE.M21000220.
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