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The differential outcomes across the age spectrum of transcatheter aortic valve implantation
(TAVI) recipients are still debated. Aim of the study was to evaluate the clinical outcomes of
oldest-old patients undergoing TAVI in the large “Registro Italiano GISE sull’impianto di
Valvola Aortica Percutanea (RISPEVA)” registry. A total of 3,507 patients were stratified
according to age: 1,381 were ≥85 years, 2,126 were <85 years. Primary endpoints were
death at 30-days and complete follow-up (FU) (medium 368 days). Cerebrovascular events,
myocardial infarction, bleedings, vascular complications at 30-days and complete FU were
considered. In the unadjusted analysis, 30-days mortality in the oldest-old group was higher
than in younger patients (4.2% vs 2.4%; p = 0.007); this difference kept true also at complete
FU (19.6% vs 15.9%; p = 0.014). After propensity score (PS) matching, the oldest-old
population showed a higher mortality solely at 30-days (4.7% vs 2.4%; p = 0.016), while
the survival at complete FU was similar to that of younger patients (20.1% vs 18.0%;
p = 0.286). The incidence of non-fatal outcomes resulted comparable between the 2
groups, also after propensity score matching. At the multivariate logistic regression
analysis procedural major or disabling bleedings, cerebrovascular events, cardiogenic
shock resulted predictors of 30-days death in the oldest-old cohort. In conclusion,
patients ≥85 years can safely undergo TAVI being not more exposed to procedural complica-
tions than those <85 years; nevertheless they showed worse 30-days mortality, probably
driven by reduced tolerance to complications. Passed the critical periprocedural phase,
patients ≥85 years had a similar survival to those <85 years with comparable risk profile.
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Due to the population aging phenomenon aortic steno-
sis (AS) is nowadays one of the most common valvular
heart disease.1 Early recognition and management of AS
are of utmost importance because severe, symptomatic,
untreated AS is associated with a dismal prognosis: aortic
valve replacement is indeed the only treatment shown to
improve both survival and quality of life.1,2 The intro-
duction of transcatheter aortic valve implantation
(TAVI) has revolutionized the treatment of severe AS,
especially in high-risk patients, often deemed ineligible
for conventional surgical aortic valve replacement (SAVR)
for either comorbidities or advanced age. Elderly patients
in particular are known to face high postoperative mor-
bidity and mortality following major cardiac surgery.3

Since refinements in valve design and delivery systems
have led to a widespread diffusion of TAVI, the differen-
tial outcomes across the age spectrum of treated patients
are still debated. Cause the prevalence of AS increases
with age and affects up to 10% of the population by the
eighth decade, the assessment of TAVI outcomes in the
category of the “oldest-old” appears of great interest.4

Current literature is controversial and the single-handed
clinical weight of age remains uncertain; moreover,
elderly patients have represented only a small fraction in
the pivotal randomized clinical trials on TAVI versus
SAVR. As such, the aim of this study was to evaluate in a
large “real world” registry the clinical outcomes of the
oldest-old patients undergoing TAVI in comparison with
the younger counterpart.
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METHODS

This was a retrospective analysis of data accrued in the pro-
spective multicenter “Registro Italiano GISE sull’impianto di
Valvola Aortica Percutanea (RISPEVA)” registry. Details of
the RISPEVA study have been reported elsewhere.5−9 The
study is an ongoing Italian multicenter observational registry
approved by all ethics committees of participating centers,
with all patients providing written informed consent. The
study is registered online at clinicaltrials.gov (NCT02713932).
All patients in whom TAVI was attempted at participating
centers and willing to provide consent were offered inclusion
in the study, without any additional selection criterion.
Accordingly, patient selection and procedural strategy
were at physician’s discretion. Nonetheless, subject selec-
tion, preprocedural management, procedural technique,
device choice, and subsequent management were all
largely guided by contemporary best practice recommen-
dations from national and European scientific societies. In
detail, a heart-team was available in all participating cen-
ters, even though a preliminary heart-team evaluation was
not mandatory. The RISPEVA registry collects clinical
information including patient demographics, comorbid-
ities, and procedural details in a dedicated electronic case
report form. After TAVI, follow-up assessments were
planned at 30-days, 6 months, 12 months, and yearly after-
ward. The present analysis is focused on patients treated
from March 2008 to November 2018.

The oldest-old population was defined as patients aged
85 years or more at the time of the procedure.10 The defini-
tion of high and/or prohibitive surgical risk for SAVR was
based on current practice standards at the time of patient
enrollment; some centers relied on heart team appraisal
(including a cardiac surgeon) for all their cases, while others
referred to surgical evaluation only those patients whose pro-
hibitive risk was doubtful. Frailty was assessed by the treat-
ing physician based on a body mass index <20 kg/m2, serum
albumin <3.5g/dl, cachexia, any neurological disability,
scarce mobility. However, information on physical perfor-
mance such as gait speed and grip strength, perhaps more
objective measures also mentioned in the current Valve Aca-
demic Research Consortium recommendations, were not
available.11 Severe chronic kidney disease was defined as an
estimated glomerular filtration rate ≤30 ml/min calculated
by means of the Cockcroft-Gault formula. New generation
and old generation devices were defined according to the lat-
est evidences in literature: Corevalve (Medtronic, Medtronic
Parkway, Minneapolis, Minnesota) and Sapien XT (Edwards
Lifesciences, Irvine, California) prostheses were intended as
old generation.8,12

Follow-up data at 30-days after TAVI were available for
2,887 patients, whereas data at complete follow-up (medium
368.8 § 438.1 days) were available for 2704 patients. The
primary endpoints were death from any cause occurring
within the first 30-days and at complete follow-up. Among
secondary endpoints, procedural success, cerebrovascular
events (including both stroke and transient ischemic attack),
myocardial infarction, bleedings (major or disabling and
minor), vascular complications (major or disabling and
minor) were defined according the current Valve Academic
Research Consortium recommendations and assessed at the
time of procedure, at 30-days, and at complete follow-up.11

The database was built up by Excel software (Microsoft Cor-
poration, Redmond, Washington); data were analyzed by
SPSS version 22 (IBM Research, Armonk, New York) and R
version 3.5.3 (R Foundation, Wirtschaftsuniversit€at Wien-
Welthandelsplatz, Vienna, Austria). The study population
was divided into 2 groups: oldest-old patients (≥85 years)
and patients younger than 85 years. Baseline characteristics
of the study population and procedural findings were pre-
sented according to age category. Continuous variables were
summarized as medians with standard deviations and cate-
gorical variables as percentages. Cumulative incidence of
death and nonfatal outcomes at procedure time, at 30-days,
and at complete follow-up were estimated for patients
≥85 years and <85 years of age. Baseline characteristics,
procedural findings, and clinical outcomes of the study were
compared between age groups using the Pearson chi-square
test or Fisher exact test, when appropriated, for categorical
variables and the Student’s t test for continuous variables.

For the primary endpoints of the study the association
with several clinical characteristics and procedural findings
(known from the literature as predictors of poor outcome
after TAVI) was tested in the general unmatched population
with a univariate logistic regression model; the odd ratio
(OR) values were calculated with confidence interval (CI)
95% and test Z score. Subsequently, a multivariate logistic
regression model was built, using as determinants the param-
eters associated with the single outcome in the linear regres-
sion; the adjusted OR values were calculated with CI 95%
and test Z score. Because of the nonrandomized nature of the
study, a propensity score (PS) analysis was used to adjust for
differences in patients’ baseline characteristics, balancing
them for gender, body mass index, frailty, New York Heart
Academy (NYHA) class, diabetes mellitus, insulin-treated
diabetes mellitus, arterial hypertension, peripheral artery
disease, prior stroke or transient ischemic attack, history of
coronary artery disease, prior cardiac surgery, estimated glo-
merular filtration rate, chronic obstructive pulmonary dis-
ease, left ventricular ejection fraction, pre-TAVI mean aortic
gradient; these variables were selected because associated
with worse short to midterm prognosis, as demonstrated by
the previous literature or by our regression analysis. The 1:1
nearest neighbor matching without replacement method was
used. Standardized mean differences for assessing covariate
balance after PS matching were calculated.13 For mortality at
30-days the association with non-fatal procedural complica-
tions was tested in the 2 age groups generated in the PS-
matched population with a univariate logistic regression
model, followed by a multivariate logistic regression model
according to the same above described method. The Kaplan-
Meier curve was used to evaluate the survival at 30-days and
at complete follow-up in the propensity matched population
and the log-rank test was used to evaluate the differences
between the 2 age groups. For all tests significance was set
for a 2-tailed value of p < 0.05.
RESULTS

From March 2008 through November 2018 a total of
3,507 patients undergoing TAVI at the participating hospitals
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were included in the RISPEVA registry. The median age was
82.56 § 6.26 years, 59% of patients were female, and the
median STS score was 6.55 § 6.21%. The study population
was stratified according to the age: 1,381 (39.4%) patients
were classified as oldest-old, the remaining 2,126 patients
constituted the younger cohort. The baseline demographic
and clinical characteristics of the 2 age groups are presented
in Table 1. Compared to the younger group, the oldest-old
patients were more frequently women, had lower body mass
index, worse renal function, and degree of heart failure
(expressed as NYHA class). Oldest-old also showed smaller
aortic valve area and higher mean gradient. In contrast, the
oldest-old group had significantly lower prevalence of dia-
betes mellitus, dyslipidemia, history of coronary artery
disease, carotid artery disease, peripheral vascular disease,
prior stroke or transient ischemic attack, prior cardiac sur-
gery, prior coronary artery bypass grafting, chronic obstruc-
tive pulmonary disease, and more preserved left ventricle
ejection fraction. Despite fewer comorbidities, the oldest-old
patients presented with much higher values of Logistic
EUROSCORE, EUROSCORE II, and STS score, relative to
younger patients. Procedural features are described in
Table 2. The TAVI procedure was conducted under local
anesthesia, with pre- or periprocedural transesophageal echo-
cardiography, and with the use of new generation devices in
the 70.2%, 15.0%, and 56.4% of the RISPEVA population
respectively, with no differences between the 2 groups; the
oldest-old conversely received smaller sized prostheses,
implanted through lower sized sheaths, and more often via a
transfemoral access. After PS matching, a population of
1,648 patients was selected: 824 per group; baseline clinical
and procedural findings are shown in Supplementary Table 3
and Supplementary Table 4.

Procedural outcomes are shown in Table 3. In the
unmatched population, compared with the younger counter-
part, oldest-old patients suffered from higher incidence of
procedural death and cardiogenic shock. Contrariwise, no
differences in cerebrovascular events, myocardial infarc-
tion, bleedings, vascular complications, cardiac tamponade,
coronary occlusion were found. In the PS-matched popula-
tion procedural death reflected the same trend as in the
whole study population, but only approached threshold for
statistical significance; the other non-fatal adverse events
showed no significant differences between the 2 groups.
Data on 30-days follow-up are shown in Table 4. In the
overall population 30-days mortality in the oldest-old group
was higher as well as the incidence of renal failure; on the
other hand no between age groups differences in all the
other non-fatal outcomes were observed. After PS match-
ing, the incidence of all the other adverse events was similar
between the 2 groups with exception for the survival rate
that persisted lower in oldest-old (Figure 1). Data on com-
plete follow-up (medium 368.82 § 438.14 days) are shown
in Table 5. In the overall population mortality in the oldest-
old cohort kept resulting higher, together with the rate of
renal failure. Divergently, after PS matching between the
2 age groups no difference in terms of mortality rate was
observed (Figure 1). At the multivariate logistic regression
analysis major or disabling procedural bleedings and
cardiogenic shock resulted predictors of 30-days death in
the younger cohort, whereas also cerebrovascular events,
together with the same 2 above mentioned parameters, were
predictors of 30-days mortality in the oldest-old cohort
(Supplementary Table 5 and Table 6).
DISCUSSION

Aim of this analysis was to evaluate the clinical out-
comes of the oldest-old patients undergoing TAVI; the
main findings of the present study can be summarized as
follows:

� 30-days mortality rate in patients ≥85 years of age was
low;

� in the unmatched population mortality rates at 30-days
and at complete follow-up (medium 368.82 § 438.14
days) were higher in the oldest-old group relative to the
younger patients;

� after PS matching the oldest-old population showed a
higher mortality solely at 30-days, while the survival at
complete follow-up was similar to that of younger
patients;

� the incidence of non-fatal outcomes resulted essentially
comparable between the oldest-old and younger arm at
both 30-days and complete follow-up, also after PS
matching.

As stated above, the low 30-days mortality in the old-
est-old cohort demonstrates the safe feasibility of TAVI
procedures in this category of patients. Our 30-days
mortality in the oldest-old population was 4.2%, inferior
than the rate observed in other multicenter observational
registries that ranges around 10% (9.9% from Vlastra et
al report, 8.8% from Arsalan et al, 11.3% in >90 years
old patients from Yamamoto et al).14−16 This can be
due to different age limits used in other studies (e.g.,
nonagenarians), but can also reflect the impact of differ-
ent patients’ selection, of the elevated number of high
volume centers participating to the RISPEVA Registry,
and of the over the last years improvements in devices
and techniques. In details, in our oldest-old population
86.3% of patients were treated in high-volume centers,
mostly after 2015 (67.1%), with new generation devices
in more than half of cases (56.8%), and prevalently
through the transfemoral access (86.9%). Not by chance,
Mentias et al recently analyzed the outcome of TAVI
procedures performed in the sole year 2016 describing a
30-days death rate comparable to ours (3.6%)
and similar short-term mortality between nonagenarians
and younger patients when the analysis was limited to
high-volume centers.17

Despite low, the 30-days mortality of the very elderly
group was higher relative to the younger group, and in
the unmatched population this difference in disfavor of
the oldest-old kept true also at midterm follow-up. This
result is in line with several recent observational
reports.14,15,17,18 Nevertheless, divergently from the
above-cited researches, in the FRANCE-2 Registry 30-
days mortality after TAVI between nonagenarians and
younger groups did not differ significantly.16 Also results
on long-term survival are contradictory. Arsalan et al
(through the investigation of the STS/ACC TVT
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Table 1

Baseline characteristics of the RISPEVA population divided according to age

Age (years-old)

Variable Overall (n = 3507) <85 (n = 2126) ≥85 (n = 1381) p

Age (years) 82.56 § 6.26 73.07 § 5.53 87.93 § 2.20 <0.001
Women 2070 (59.0%) 1168 (54.9%) 902 (65.3%) <0.001
Body mass index (m/kg2) 26.13 § 4.44 26.74 § 4.77 25.20 § 3.70 <0.001
Body surface area (m2) 1.74 § 0.19 1.77 § 0.20 1.70 § 0.18 <0.001
Frailty 953 (27.2%) 551 (25.9%) 402 (29.1%) 0.038

Diagnosis

Aortic stenosis 3038 (86.63%) 1823 (85.7%) 1215 (88.0%) 0.058

Combined aortic stenosis and regurgitation 316 (9.0%) 196 (9.2%) 120 (8.7%) 0.592

Risk profile

Intermediate risk 231 (6.6%) 162 (6.6%) 69 (5.0%) 0.002

High risk 3061 (87.3%) 1830 (86.1%) 1231 (89.1%) 0.008

Inoperable risk 215 (6.13%) 134 (6.3%) 81 (5.9%) 0.598

Logistic EuroSCORE 17.54 § 12.67 16.02 § 12.06 19.83 § 13.21 <0.001
EuroSCORE II 5.53 § 5.80 5.28 § 5.84 5.90 § 5.71 0.004

STS-score 6.55 § 6.21 5.69 § 5.72 7.67 § 6.65 <0.001
NYHA class III/IV 2454 (70.0%) 1441 (67.8%) 1013 (73.4%) <0.001
Syncope 253 (7.2%) 122 (5.7%) 131 (9.5%) <0.001
Arterial hypertension 2711 (77.3%) 1648 (77.5%) 1063 (77.0%) 0.707

Diabetes mellitus 823(23.5%) 570 (26.8%) 253 (18.3%) <0.001
Insulin treatment 281(8.0%) 201 (9.5%) 80 (5.8%) <0.001
Dyslipidemia* 1564 (44.6%) 1012 (47.6%) 552 (40.0%) <0.001
Current smoker 252 (7.19%) 190 (8.9%) 62 (4.5%) <0.001
Carotid artery disease 550 (15.68%) 356 (16.7%) 194 (14.0%) 0.032

Peripheral artery disease 654 (18.7%) 428 (20.1%) 226 (16.4%) 0.005

Prior stroke/transient ischemic attack 245 (7.00%) 169 (7.9%) 76 (5.5%) 0.005

Prior acute pulmonary edema 513 (14.63%) 290 (13.6%) 223 (16.1%) 0.040

History of coronary artery disease 921 (26.3%) 585 (27.5%) 336(24.3%) 0.036

Prior myocardial infarction 444 (12.7%) 284 (13.4%) 160(11.6%) 0.123

Prior percutaneous coronary intervention 790 (22.5%) 501 (23.6%) 289(20.9%) 0.068

Prior coronary bypass 229 (6,53%) 187 (8.8%) 42(3.0%) <0.001
Prior cardiac surgery 483 (13.8%) 38 (17.9%) 103(7.5%) <0.001
Prior aortic valve surgery procedure 102 (2.91%) 67 (3.2%) 35 (2.5%) 0.288

Prior valvuloplasty 200 (5.7%) 106 (5.0%) 94 (6.8%) 0.023

Temporary ventricular assist device 8 (0.2%) 8 (0.4%) 0 (0.0%) 0.026

Permanent ventricular assist device 2 (0.1%) 2 (0.1%) 0 (0.0%) 0.522

Prior iliofemoral percutaneous transluminal angioplasty 59 (1.7%) 43 (2.0%) 16 (1.2%) 0.052

Severe chronic kidney disease 396 (11.3%) 172 (8.1%) 224 (16.2%) <0.001
Serum creatinine (mg/dl) 1.21 § 0.73 1.23 § 0.84 1.17 § 0.53 0.013

eGFR (ml/min) 53.88 § 23.84 59.28 § 26.45 45.82 § 16.28 <0.001
Hemoglobin (g/dl) 12.07 § 1.65 12.13 § 1.70 11.96 § 1.57 0.003

Hematocrit (%) 36.78 § 4.73 36.98 § 4.85 36.48 § 4.52 0.011

Serum albumin (g/dl) 4.04 § 0.96 4.11 § 1.10 3.94 § 0.71 0.010

Chronic obstructive pulmonary disease 649 (18.5%) 445 (20.9%) 204 (14.8%) <0.001
Chronic oxygen therapy 60 (1.7%) 42 (2.0%) 18 (1.3%) 0.134

Porcelain aorta 163 (4.7%) 112 (5.3%) 51 (3.7%) 0.389

History of cancer 383 (10.9%) 250 (11.8%) 133 (9.6%) 0.048

Cirrhosis 52 (1.5%) 50 (2.4%) 2 (0.1%) <0.001
Cachexia 110 (3.1%) 86 (4.0%) 24 (1.7%) <0.001
Left ventricular ejection fraction <50% 927 (26.4%) 585 (27.5%) 342 (24.8%) 0.071

Echocardiography

Peak aortic gradient (mm Hg) 78.07 § 22.68 76.18 § 22.82 80.90 § 22.18 <0.001
Mean aortic gradient (mm Hg) 48.61 § 15.16 47.55 § 15.12 50.23 § 15.10 <0.001
Orifice aortic area (cm2) 0.63 § 0.23 0.66 § 0.24 0.59 § 0.21 <0.001
Peak aortic velocity (m/s2) 4.34 § 0.75 4.26 § 0.73 4.45 § 0.75 <0.001
Left ventricular ejection fraction (%) 52.90 § 10.96 52.61 § 11.23 53.36 § 10.53 0.049

Aortic annulus (mm) 22.51 § 2.99 22.61 § 2.86 22.34 § 3.09 0.072

Valsalva sinus diameter (mm) 32.54 § 3.93 32.68 § 3.97 32.34 § 3.86 0.170

Sinotubular junction (mm) 28.67 § 4.39 28.62 § 4.46 28.74 § 4.27 0.725

Ascending aorta (mm) 34.61 § 4.38 34.68 § 4.34 34.51 § 4.43 0.485

Moderate or severe aortic calcification 1814 (51.7%) 1074 (50.5%) 740 (53.6%) 0.076

(continued)

Valvular Heart Disease/A Propensity Score-Adjusted Analysis from the RISPEVA Registry 63



Table 1 (Continued)

Age (years-old)

Variable Overall (n = 3507) <85 (n = 2126) ≥85 (n = 1381) p

Aortic regurgitation 2319 (66.1%) 1418 (66.7%) 901 (65.2%) 0.374

Mild aortic regurgitation 1576 (44.9%) 957 (45.0%) 619 (44.8%) 0.911

Moderate aortic regurgitation 595 (17.0%) 359 (16.9%) 236 (17.1%) 0.876

Severe aortic regurgitation 148 (4.2%) 102 (4.8%) 46 (3.3%) 0.035

Mitral regurgitation 3153 (89.9%) 1893 (89.0%) 1260 (91.2%) 0.035

Mild mitral regurgitation 1685 (48.0%) 1067 (50.2%) 618 (44.8%) 0.002

Moderate mitral regurgitation 1371(39.1%) 773 (36.4%) 598 (43.3%) <0.001
Severe mitral regurgitation 97(2.77%) 53 (2.5%) 44 (3.2%) 0.221

Systolic pulmonary artery pressure (mmHg) 41.88 § 12.66 41.95 § 12.71 41.77 § 12.59 0.735

Multidetector computer tomography

Mean aortic annulus diameter (mm) 23.51 § 2.43 23.65 § 2.54 23.31 § 2.25 0.035

Left iliac artery diameter (mm) 8.69 § 3.43 8.65 § 3.13 8.74 § 3.82 0.713

Right iliac artery diameter (mm) 8.63 § 4.06 8.49 § 2.96 8.82 § 5.25 0.220

Left femoral artery diameter (mm) 7.23 § 1.70 7.24 § 1.77 7.214 § 1.616 0.725

Right femoral artery diameter (mm) 7.25 § 1.69 7.25 § 1.71 7.28 § 1.67 0.404

Moderate or severe tortuosity vessel 771 (22.0%) 453 (21.3%) 318 (23.0%) 0.230

Moderate or severe wall calcification 1359 (38.8%) 810 (38.1%) 549 (39.8%) 0.326

Values are expressed as mean § standard deviation or n (%).

eGFR = Estimated glomerular filtration rate; NYHA =New York Heart Association.

*Dyslipidemia was defined as having plasma triglyceride concentration or total and/or low-density lipoprotein (LDL) cholesterol levels higher than local

laboratory cutoff levels.
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Registry), as well as Deharo et al, demonstrated higher
mortality rates in the nonagenarians at longer follow-up
after TAVI15,18; conversely other studies reported a com-
parable mid to long-term survival between the elderly
and younger populations.16,18,20 These limited and con-
troversial results highlight how prognosis of very elderly
patients is still a matter of debate, also because the avail-
able data are potentially jeopardized by the unequal dis-
tribution of clinical and echocardiographic variables.
Also in the present analysis, relative to the younger coun-
terpart, several comorbidities (Table 1) were less often
present in the oldest-old population.14,15,19,20 On the
other hand, despite less comorbidities, the very elderly
group had lower body mass index and more frequently
presented severe chronic kidney disease, worse symptoms
(prior pulmonary edema, syncope, class NYHA III/IV),
and more advanced valvular disease as expressed by
higher mean aortic gradient, higher peak velocity, and
smaller aortic valve area. Oldest-old patients had also
significantly higher predicted surgical risk as expressed
by different scores (logistic EUROSCORE, EUROSCORE
II, STS-PROM) which are currently adapted, perhaps inade-
quately, to assess the “surgical” risk of patients undergoing
TAVI.14,20 These population characteristics, similar to other
observational studies, reflect a selection custom that can be
licitly summarized as follows: in the first decade since
TAVI introduction, heart teams have selected the healthiest
among the oldest-old patients in whom TAVI procedure
was motivated by more severe and symptomatic AS. This
obviously creates a selection bias driven by clinical and
echocardiographic differences.21−23 In our population,
when tested, age did not result an independent predictor of
the primary endpoints, as conversely other comorbidities or
the functional status were (Supplementary Table1 and Sup-
plementary Table 2).
In order to adjust for the different risk profiles of elderly
and younger patients, we performed, at variance with most
previous studies, a PS matching analysis.24 Notwithstand-
ing being a statistical tool thought to compare therapeutic
interventions in observational studies, the PS analysis has
been recently widely used to balance unequal distribution
of prognostic determinants in different age groups.25 In the
PS-matched population, divergently from the whole cohort,
no significant difference in terms of mortality at complete
follow-up was detected between the 2 age groups, as well as
in terms of the other non-fatal adverse events. This finding,
in line with a recent study by Atizzani et al, confirms that
raw data from real-world registries are possibly hampered by
an age-driven different risk profile and suggests that the mid-
term prognostic relevance of age should probably be resized
down.26

Differently from the results at 1-year, after PS correction
the oldest-old population continued to show higher 30-days
mortality, as in the whole population (Figure 2). Notewor-
thy, the higher 30-days mortality is not coupled with higher
non-fatal adverse events either procedural or at 30-days
(Table 4). As a consequence, the hypothesis of higher
short-term mortality driven by higher procedural deaths or
rates of procedural complications is questioned by our data.
It may be conversely assumed that, even though advanced
age standing alone does not trigger more procedural adverse
events during TAVI, the oldest-old patients have poorer tol-
erance to periprocedural complications. This postulation is
confirmed in our multivariate logistic analysis: in the old-
est-old matched population procedural cerebrovascular
events, major procedural bleeding, and cardiogenic shock
resulted independent predictors of 30-days mortality, in
line with the few available literature data.17,27 We can spec-
ulate that the higher vulnerability of very elderly patients in
case of procedural complications may be associated with
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Table 2

Procedural features and discharge data in the RISPEVA population divided according to age

Age (years-old)

Variable Overall (n = 3507) <85 (n = 2126) ≥85 (n = 1381) p

≥ 2015 2290 (65.3%) 1363 (64.1%) 927 (67.1%) 0.067

Local anesthesia 2463 (70.2%) 1486 (69.9%) 977 (70.7%) 0.591

Transesophageal echocardiography 526 (15.0%) 328 (15.4%) 198 (14.3%) 0.377

Femoral access 2978 (84.9%) 1778 (83.6%) 1200 (86.9%) 0.008

Percutaneous only approach 2601 (74.2%) 1553 (73.0%) 1048 (75.9%) 0.061

Sheathless 234 (6.7%) 145 (6.8%) 89 (6.4%) 0.663

Sheath size (F) 16.59 § 2.31 16.73 § 2.28 16.36 § 2.35 <0.001
Prosthesis size (mm) 26.33 § 2.77 26.56 § 2.78 25.97 § 2.72 <0.001
Aortic valve gradient (mmHg) 61.31 § 26.25 59.42 § 25.47 64.36 § 27.21 <0.001
Device

Old generation devices* 1091 (31.1%) 684 (32.2%) 407 (29.5%) 0.091

New generation devices y 1977 (56.4%) 1192 (56.1%) 785 (56.8%) 0.651

Corevalve 476 (13.6%) 322 (15.1%) 154 (11.2%) 0.001

Acurate 234 (6.7%) 131 (6.2%) 103 (7.5%) 0.133

Directflow 35 (1.0%) 18 (0.8%) 17 (1.2%) 0.263

Lotus 151 (4.3%) 97 (4.6%) 54 (3.9%) 0.352

Portico 347 (9.9%) 223 (10.5%) 124 (9.0%) 0.143

Sapien XT 615 (17.6%) 362 (17.0%) 253 (18.3%) 0.325

Sapien3 541 (15.4%) 298 (14.0%) 243 (17.6%) 0.004

Evolute Pro 107 (3.1%) 65 (3.1%) 42 (3.0%) 0.978

Evolute R 597 (17.0%) 378 (17.8%) 219 (15.9%) 0.139

Allegra 10 (0.3%) 4 (0.2%) 6 (0.4%) 0.181

Jena 2 (0.1%) 1 (0.0%) 1 (0.1%) 0.758

Undefined 392 (11.2) 227 (10.7%) 165 (11.9%) 0.243

Embolic protection device 52 (1.5%) 37 (1.7%) 15 (1.1%) 0.117

Valve-in-valve 100 (2.9%) 69 (3.2%) 31 (2.2%) 0.082

Predilation 2251 (64.2%) 1341 (63.1%) 910 (65.9%) 0.089

Postdilation 676 (19.3%) 429 (20.2%) 247 (17.9%) 0.093

Contrast volume (mL) 173.79 § 100.91 169.10 § 95.28 180.88 § 108.83 0.002

Procedural time (minutes) 107.35 § 49.44 106.93 § 50.03 107.97 § 48.55 0.577

Closure device use 1987 (56.7%) 1208 (56.8%) 779 (56.4%) 0.810

Proglide 913 (26.0%) 554 (26.1%) 359 (26.9%) 0.922

Prostar 1074 (30.6%) 654 (30.8%) 420 (30.4%) 0.922

Device success 3075 (87.7%) 1860 (87.5%) 1215 (88.0%) 0.655

Discharge data

Hospital stay (days) 7.46 § 7.31 7.54 § 7.93 7.33 § 6.23 0.419

Discharge left ventricular ejection fraction (%) 53.60 § 9.77 53.28 § 10.00 54.10 § 9.40 0.018

Discharge peak aortic gradient (mmHg) 18.30 § 11.3 18.52 § 11.37 17.97 § 11.25 0.243

Mean aortic gradient (mmHg) 9.78 § 5.40 9.81 § 5.21 9.75 § 5.66 0.756

Discharge orifice aortic area (cm2) 1.34 § 0.50 1.33 § 0.48 1.36 § 0.53 0.462

Discharge aortic regurgitation 1657 (47.2%) 983 (46.2%) 674 (48.8%) 0.137

Moderate or severe discharge aortic regurgitation 267 (7.6%) 150 (7.1%) 117 (8.5%) 0.122

Moderate discharge mitral regurgitation 293 (8.4%) 157 (7.4%) 136 (9.8%) 0.010

Severe discharge mitral regurgitation 51 (1.5%) 25 (1.2%) 26 (1.9%) 0.088

Discharge pericardial effusion 137 (3.9%) 77 (3.6%) 60 (4.3%) 0.280

Discharge systolic pulmonary artery pressure (mmHg) 37.55 § 11.00 37.49 § 11.28 37.63 § 10.61 0.799

Values are expressed as mean § standard or n (%).

* COREVALVE, SAPIEN XT were defined as old generation devices.
y SAPIEN3, ACURATE, EVOLUTE R-PRO, PORTICO, LOTUS were defined as new generation devices.
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the frailty status, naturally correlated to oldness. Even if no
consensus exists, the most comprehensive definition of
frailty is indeed the decreased ability of resisting
to stressors.28−30 Although there is growing attention on
frailty as an outcome predictor after TAVI, the lack of an
unequivocal and objective measure of frailty is the major
barrier limiting the esteem of its prognostic impact. In
current clinical practice frailty is frequently assessed sub-
jectively based upon an informal “eyeball test”; such an
evaluation was also made in our population on the basis of
characteristics such as scarce mobility, neurological disabil-
ity, and malnutrition, along with laboratory findings (i.e.,
low serum albumin).11

The present analysis could not avoid certain limitations.
First, given the nonrandomized nature of the registry, data
would result in selection bias, even though our dataset was
large and prospectively collected from high-volume
centers. Indeed, we observed differences in baseline clinical



Table 3

Procedural complications in the RISPEVA unmatched and propensity score-matched population divided by age

Unmatched population Propensity score-matched population

Age (years-old) Age (years-old)

Variable Overall (n = 3507) <85 (n = 2126) ≥85 (n = 1381) p Overall (n = 1648) <85 (n = 824) ≥85 (n = 824) p

Procedural Death 25 (0.7%) 10 (0.5%) 15 (1.1%) 0.034 19 (1.2%) 5 (0.6%) 14 (1.7%) 0.062

Procedural Cerebrovascular events 28 (0.8%) 14 (0.7%) 14 (1.0%) 0.248 18 (1.1%) 8 (1.0%) 10 (1.2%) 0.814

Procedural stroke 24 (0.7%) 11 (0.5%) 13 (0.9%) 0.137 15 (0.9%) 6 (0.7%) 9 (1.1%) 0.606

Procedural transient

ischemic attack

5 (0.1%) 3 (0.1%) 2 (0.1%) 1.000 4 (0.2%) 2 (0.2%) 2 (0.2%) 1.000

Procedural myocardial infarction 7 (0.2%) 3 (0.1%) 4 (0.3%) 0.444 6 (0.4%) 2 (0.2%) 4 (0.5%) 0.687

Procedural vascular complications 305 (8.7%) 180 (8.5%) 125 (9.1%) 0.548 186 (11.3%) 91 (11.0%) 95 (11.5%) 0.815

Procedural minor vascular

complications

184 (5.2%) 104 (4.9%) 80 (5.8%) 0.242 115 (7.0%) 55 (6.7%) 60 (7.3%) 0.699

Procedural major vascular

complications

121 (3.5%) 76 (3.6%) 45 (3.3%) 0.616 71 (4.3%) 36 (4.4%) 35 (4.2%) 1.000

Procedural bleeding 173 (4.9%) 97 (4.6%) 76 (5.5%) 0.209 110 (6.7%) 50 (6.1%) 60 (7.3%) 0.374

Procedural minor bleeding 116 (3.3%) 66 (3.1%) 50 (3.6%) 0.404 69 (4.2%) 32 (3.9%) 37 (4.5%) 0.623

Procedural major or

disabling bleeding

57 (1.6%) 31 (1.5%) 26 (1.9%) 0.331 41 (2.5%) 18 (2.2%) 23 (2.8%) 0.527

Procedural cardiac tamponade 34 (1.0%) 16 (0.8%) 18 (1.3%) 0.104 22 (1.3%) 9 (1.1%) 13 (1.6%) 0.521

Procedural coronary occlusion 6 (0.2%) 3 (0.1%) 3 (0.2%) 0.686 5 (0.3%) 2 (0.2%) 3 (0.4%) 1.000

Procedural valve migration 24 (0.7%) 17 (0.8%) 7 (0.5%) 0.304 9 (0.5%) 4 (0.5%) 5 (0.6%) 1.000

Missed implantation 11 (0.3%) 6 (0.3%) 5 (0.4%) 0.680 5 (0.3%) 1 (0.1%) 4 (0.5%) 0.374

Retrieved device 17 (0.5%) 11 (0.5%) 6 (0.4%) 0.730 7 (0.4%) 1 (0.1%) 6 (0.7%) 0.124

Annulus or aortic rupture 6 (0.2%) 3 (0.1%) 3 (0.2%) 0.686 4 (0.2%) 2 (0.2%) 2 (0.2%) 1.000

Conversion to open surgery 12 (0.3%) 6 (0.3%) 6 (0.4%) 0.451 8 (0.5%) 3 (0.4%) 5 (0.6%) 0.726

Unplanned surgery 210 (6.0%) 129 (6.1%) 81 (5.9%) 0.805 131 (7.9%) 67 (8.1%) 64 (7.8%) 0.856

Cardiogenic shock 37 (1.1%) 14 (0.7%) 23 (1.7%) 0.004 26 (1.6%) 8 (1.0%) 18 (2.2%) 0.073
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and procedural characteristics between the 2 age groups.
Although we sought to reduce potential biases using the PS-
matched analysis, we were not able to correct for unmeasured
variables. Second, the use of the type of device, as well as pro-
cedural strategy were at physicians’ discretion. Accordingly,
our findings should mainly be regarded as hypothesis-generat-
ing and require further confirmation from a large pragmatic
randomized trial.
Table 4

30-days clinical outcomes in the RISPEVA unmatched* and propensity score-mat

Unmatched population

Age (years-old)

Variable Overall (n = 2887) <85 (n = 1758) ≥85 (n = 1

All cause death 89 (3.1%) 42 (2.4%) 47 (4.2%

Cerebrovascular events 43 (1.5%) 24 (1.4%) 19 (1.7%

Stroke 39 (1.4%) 20 (1.1%) 19 (1.7%

Transient ischemic attack 6 (0.2%) 4 (0.2%) 2 (0.2%

Myocardial infarction 8 (0.3%) 4 (0.2%) 4 (0.4%

Bleedings 303 (10.5%) 169 (9.6%) 134 (11.9%

Minor bleedings 198 (6.9%) 110 (6.3%) 88 (7.8%

Major or disabling bleedings 105 (3.6%) 59 (3.4%) 46 (4.1%

Vascular complications 327 (11.3%) 192 (10.9%) 135 (12.0%

Minor vascular complications 202 (7.0%) 113 (6.4%) 89 (7.9%

Major vascular complications 125 (4.3%) 79 (4.5%) 46 (4.1%

PM implantation 451 (15.6%) 282 (16.0%) 169 (15.0%

Renal failure 308 (10.7%) 171 (9.7%) 137 (12.1%

Valve thrombosis 3 (0.1%) 1 (0.1%) 2 (0.2%

Surgical aortic valve repair 13 (0.5%) 7 (0.4%) 6 (0.5%

* Follow up data available for 2887 patients.
In conclusion, our findings suggest that patients ≥85 years
can safely undergo TAVI procedures being not more
exposed to procedural complications than younger patients;
they showed both worse short-term prognosis and reduced
tolerance to complications. However, after the critical peri-
procedural phase, patients ≥85 years proved a midterm sur-
vival rate comparable to younger patients with comparable
risk profile.
ched population divided by age

Propensity score-matched population

Age (years-old)

129) p Overall (n = 1648) <85 (n = 824) ≥85 (n = 824) p

) 0.007 59 (3.6%) 20 (2.4%) 39 (4.7%) 0.016

) 0.492 26 (1.6%) 11 (1.3%) 15 (1.8%) 0.554

) 0.216 23 (1.4%) 8 (1.0%) 15 (1.8%) 0.207

) 1.000 5 (0.3%) 3 (0.4%) 2 (0.2%) 1.000

) 0.719 7 (0.4%) 3 (0.3%) 4 (0.5%) 1.000

) 0.054 186 (11.3%) 85 (10.3%) 101 (12.3%) 0.243

) 0.111 115 (7.0%) 49 (5.9%) 66 (8.0%) 0.122

) 0.314 71 (4.3%) 36 (4.4%) 35 (4.2%) 1.000

) 0.391 200 (12.1%) 97 (11.8%) 103 (12.5%) 0.706

) 0.135 126 (7.6%) 59 (7.2%) 67 (8.1%) 0.517

) 0.589 74 (4.5%) 38 (4.6%) 36 (4.4%) 0.905

) 0.439 280 (17.0%) 148 (18.0%) 132 (16.0%) 0.325

) 0.041 218 (13.2%) 103 (12.5%) 115 (14.0%) 0.424

) 0.565 2 (0.1%) 0 (0.0%) 2 (0.2%) 0.500

) 0.602 9 (0.5%) 4 (0.4%) 5 (0.6%) 1.000
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Figure 1. Clinical outcomes at 30-days and complete follow-up (FU) in the propensity score-matched population divided by age.

Table 5

Clinical outcomes at complete follow-up in the RISPEVA unmatched* and propensity score-matched population divided by age

Unmatched population Propensity score-matched population

Age (years-old) Age (years-old)

Variable Overall (n = 2704) <85 (n = 1646) ≥85 (n = 1058) p Overall (n = 1648) <85 (n = 824) ≥85 (n = 824) p

All cause death 469 (17.3%) 262 (15.9%) 207 (19.6%) 0.014 314 (19.1%) 148 (18.0%) 166 (20.1%) 0.286

Cerebrovascular events 83 (3.1%) 44 (2.7%) 39 (3.7%) 0.136 54 (3.3%) 20 (2.4%) 34 (4.1%) 0.071

Stroke 67 (2.5%) 36 (2.2%) 31 (2.9%) 0.225 42 (2.5%) 15 (1.8%) 27 (3.3%) 0.084

Transient ischemic attack 19 (0.7%) 8 (0.5%) 11 (1.0%) 0.093 14 (0.8%) 5 (0.6%) 9 (1.1%) 0.422

Myocardial infarction 20 (0.7%) 12 (0.7%) 8 (0.8%) 0.936 12 (0.7%) 6 (0.7%) 6 (0.7%) 1.000

Bleeding 316 (11.7%) 177 (10.8%) 139 (13.1%) 0.060 194 (11.8%) 89 (10.8%) 105 (12.7%) 0.252

Minor bleeding 206 (7.6%) 114 (6.9%) 92 (8.7%) 0.090 120 (7.3%) 51 (6.2%) 69 (8.4%) 0.107

Major or disabling bleeding 110 (4.1%) 63 (3.8%) 47 (4.4%) 0.430 74 (4.5%) 38 (4.6%) 36 (4.4%) 0.905

Vascular complications 335 (12.4%) 198 (12.0%) 137 (12.9%) 0.479 206 (12.5%) 101 (12.3%) 105 (12.7%) 0.823

Minor vascular complications 206 (7.6%) 116 (7.0%) 90 (8.5%) 0.163 129 (7.8%) 61 (7.4%) 68 (8.3%) 0.582

Major vascular complications 129 (4.8%) 82 (5.0%) 47 (4.4%) 0.521 77 (4.7%) 40 (4.9%) 37 (4.5%) 0.816

PM implantation 490 (18.1%) 303 (18.4%) 187 (17.7%) 0.629 304 (18.4%) 157 (19.1%) 147 (17.8%) 0.568

Endocarditis 18 (0.7%) 15 (0.9%) 3 (0.3%) 0.055 10 (0.6%) 8 (1.0%) 2 (0.2%) 0.108

Renal failure 308 (11.4%) 171 (10.4%) 137 (12.9%) 0.041 218 (13.2%) 103 (12.5%) 115 (14.0%) 0.424

Surgical aortic valve repair 14 (0.5%) 8 (0.5%) 6 (0.6%) 0.774 10 (0.6%) 5 (0.6%) 5 (0.6%) 1.000

Valve degeneration 10 (0.4%) 9 (0.5%) 1 (0.1%) 1.000 7 (0.4%) 6 (0.7%) 1 (0.1%) 0.124

Valve explantation 16 (0.6%) 10 (0.6%) 6 (0.6%) 0.894 11 (0.7%) 6 (0.7%) 5 (0.6%) 1.000

Valve-in-valve 8 (0.2%) 4 (0.2%) 4 (0.4%) 0.719 6 (0.4%) 3 (0.4%) 3 (0.4%) 1.000

* Follow up data available for 2704 patients.
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