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Transcatheter aortic valve replacement (TAVR) has
emerged as a treatment for aortic stenosis (AS), proving to
be a valid alternative to surgical aortic valve replacement,
which is often denied in older patients because of prohibi-
tive operative risk.1 With an aging population and a grow-
ing prevalence of AS, an increasing number of
nonagenarians requiring TAVR is expected and clinicians
are going to face the clinical dilemma of offering an inva-
sive treatment in these high-risk patients more often.2 How-
ever, nonagenarian patients have been underrepresented in
previous research. With their increasing clinical signifi-
cance, we aimed to assess the characteristics and outcomes
of nonagenarians who underwent TAVR.

This was an observational, retrospective, multicenter
study including consecutive nonagenarians who underwent
TAVR in 3 Finnish tertiary hospitals (Helsinki, Oulu, and
Turku University Hospitals). The 30-day and 1-year mortal-
ity were the primary outcomes of this study. The secondary
outcomes were stroke, major/life-threatening bleeding,
major vascular complication, and permanent pacemaker
implantation occurring within 30 days from the procedure,
as defined by the Valve Academic Research Consortium-2
criteria.3 The study protocol was approved by the Finnish
Social and Health Data Permit Authority and complies with
the Declaration of Helsinki. Patient written informed con-
sent was waived because of the retrospective and observa-
tional design of this study.

A univariable analysis was performed using the Mann
−Whitney, chi-square, and Fisher’s exact tests to identify
baseline characteristics associated with 30-day mortality.
The linear-by-linear association test was used to evaluate
the prognostic impact of ordinal variables in predicting the
30-day mortality. The discrimination ability of the Euro-
SCORE II in predicting 30-day mortality was assessed by
Unit of Biomedicine and Internal Medicine, Medical

er Oulu, University of Oulu, Oulu, Finland; bDepartment of

ulu University Hospital, Oulu, Finland; cHeart and Lung

ki University Hospital, Helsinki, Finland; dHeart Center,

ity Hospital, Turku, Finland; and eDepartment of Cardiovas-

Centro Cardiologico Monzino IRCCS, Milan, Italy. Manu-

May 26, 2024; revised manuscript received and accepted

4.

one.

4 for Declaration of Competing Interest.

nding author: Tel: +358 442717820.

ress: matti.riihiniemi@student.oulu.fi (M. Riihiniemi).

024 The Author(s). Published by Elsevier Inc. This is an open ac

commons.org/licenses/by/4.0/)

10.1016/j.amjcard.2024.08.030
estimating the area under the receiver operating characteris-
tics curve. Calibration plots, the expected/observed ratio,
calibration-in-the-large, and slope for the EuroSCORE II in
predicting 30-day mortality were estimated using the
pmcalplot module for Stata software (StataCorp LLC, Col-
lege Station, TX). Survival analysis was performed using
the Kaplan−Meier method. Multivariable analysis was not
performed because of the small size of this series. Cumula-
tive observed survival; year-, age-, and gender-matched
cumulative expected survival; and cumulative relative sur-
vival were estimated using the Ederer II method with the
strs module for Stata. The mortality rates of the general
Finnish population were retrieved from the Human Mortal-
ity Database (https://www.mortality.org/). Analyses were
performed using Stata v. 15.1 (StataCorp LLC, College Sta-
tion, TX) and SPSS v. 29.0 (IBM Corporation, NY) statisti-
cal softwares.

Overall, 183 nonagenarians underwent TAVR at partici-
pating hospitals between August 2009 and September 2021.
Baseline characteristics, procedural details, and clinical
outcomes are listed in Table 1. The mean age was 91.3 §
1.3 years and 62.8% of the patients were women. The mean
EuroSCORE II was 6.0 § 4.0% and most of the patients
(83.1%) had symptoms equivalent to New York Heart
Association Classification classes III or IV. Transfemoral
access was used in all but 2 patients who underwent trans-
aortic and subclavian TAVR.

The 30-day mortality and stroke rates were 5.5% and
3.8%, respectively. Major or life-threatening bleeding
occurred in 22 patients (12.0%), whereas 32 patients
(17.5%) had a major vascular complication during the 30-
day follow-up. Permanent pacemaker was implanted in 19
patients (10.4%) during the 30-day follow-up.

The predictive ability of the EuroSCORE II in predict-
ing 30-day mortality was herein evaluated. The expected/
observed ratio of 30-day mortality was 1.103, calibra-
tion-in-the-large was �0.107, slope was 1.096, geometric
mean was 5.1% (95% confidence interval 4.7% to 5.5%),
and area under the curve was 0.734 (95% confidence
interval 0.560 to 0.908). The calibration plot suggested
that the EuroSCORE II had excellent predictive ability in
patients with an EuroSCORE II <10% but tended to
underestimate the operative risk in higher risk patients.
Increasing quartiles of the EuroSCORE II (<3.6, 3.6 to
5.1, 5.2 to 7.4, and >7.4) were associated with signifi-
cantly increasing 30-day mortality (2.2% vs 0.0% vs
8.9% vs 10.9%, respectively, p = 0.020). In the univari-
able analysis, atrial fibrillation (30-day mortality 10.0%
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Table 1

Baseline characteristics, procedural details and clinical outcomes.

Variables N=183 Univariable

analysis P-value

Baseline characteristics

Age (years) 91.3 § 1.3 0.355

Female 115 (62.8%) 0.746

Body mass index (kg/m2) 25.2 § 3.5 0.324

Hemoglobin (g/l) 123 § 15 0.638

Anemia 85 (46.4%) 0.343

eGFR < 60 119 (65.0%) 0.498

NYHA classes III/IV 152 (83.1%) 0.216

Hypertension 157 (85.8%) 1.000

Dyslipidemia 116 (63.4%) 0.095

Diabetes 32 (17.5%) 0.688

Atrial fibrillation 80 (43.7%) 0.022

Prior hospitalisation for heart failure 42 (23.0%) 0.241

COPD or asthma 25 (13.7%) 1.000

Prior myocardial infarction 19 (10.9%) 0.562

Prior PCI 42 (23.0%) 1.000

Prior CABG 16 (8.7%) 1.000

Lower limb atherosclerosis 23 (12.6%) 0.365

Prior stroke 21 (11.5%) 0.608

Prior permanent pacemaker implantation 21 (11.5%) 1.000

Alzheimer�s disease 5 (2.8%) 0.020

EuroSCORE II (%) 6.0 § 4.0 0.011

Medication

Aspirin 64 (35.2%) 0.743

Clopidogrel 21 (11.5%) 1.000

Warfarin 49 (26.8%) 0.461

DOAC 31 (16.9%) 0.678

ACE-inhibitor/ARB 107 (58.5%) 0.323

b-blocker 108 (59.0%) 1.000

Echocardiographic data

Left ventricular ejection fraction (%) 57 § 11 0.520

AVA (cm2) 0.61 § 0.17 0.235

Max. aortic valve gradient (mmHg) 77 § 22 0.673

Mean aortic valve gradient (mmHg) 49 § 15 0.634

Procedural details

Study period

2009-2017 72 (39.3%)

2018-2021 111 (60.7%)

Vascular access sites

Transfemoral 181 (98.9%)

Surgical cutdown 9 (4.9%)

Trans-aortic 1 (0.5%)

Trans-subclavian 1 (0.5%)

Aortic valve pre-procedural dilatation 138 (75.4%)

Transcatheter aortic valve device*

Sapien 64 (35.8%)

Acurate 54 (30.2%)

Evolut 40 (22.3%)

Lotus 13 (7.3%)

Allegra 7 (3.9%)

Portico 1 (0.6%)

Prosthesis size (mm) *

≤ 23 38 (21.1%)

25-27 99 (55.0%)

≥ 29 43 (23.9%)

Post-procedural prosthesis dilatation 35 (19.1%)

Clinical outcomes

In-hospital outcomes

Intraprocedural death 2 (1.1%)

Device successy 168 (93.3%)

Cardiac tamponade 1 (0.5%)

Coronary occlusion 0 (0.0%)

Annular rupture 0 (0.0%)

Device embolization 0 (0.0%)

RBC transfusion 23 (12.6%)

Paravalvular regurgitationz

Mild 46 (25.8%)

Moderate 7 (3.9%)

Severe 0 (0.0%)

(continued)

Table 1 (Continued)

Variables N=183 Univariable

analysis P-value

Length of hospital stay (days) 5.5 § 4.4

30-day outcomes

Mortality 10 (5.5%)

Stroke 7 (3.8%)

Major bleeding 22 (12.0%)

Major vascular complication 32 (17.5%)

Permanent pacemaker implantation 19 (10.4%)

1-year mortality 21 (11.6%)

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor

blocker; AVA = aortic valve area; CABG = coronary artery bypass graft-

ing; COPD = chronic obstructive pulmonary disease; DOAC = direct oral

anticoagulant; eGFR = estimated glomerular filtration rate; NYHA = New

York Heart Association; PCI = percutaneous coronary intervention;

RBC = red blood cell.

Univariable analysis was performed to identify baseline characteristics

associated with 30-day mortality.

Sapien (Edwards Lifesciences, Irvine, CA, USA), Evolut (Medtronic,

Minneapolis, MN, USA), Acurate (Boston Scientific, Marlborough, MA,

USA), Portico (Abbott Vascular, Santa Clara, CA, USA), Allegra (NVT

AG, Morges, Switzerland and Biosensors, Singapore, Singapore) and

Lotus (Boston Scientific, Marlborough, MA, USA).

*Device was not implanted in 2 patients due to intraoperative death.

Information on valve type was missing in 2 patients and size was missing

in one patient.
yDefined according to the VARC-2 criteria: missing information in 3

patients.
z Information on paravalvular regurgitation was missing in 3 patients.

Values are counts and percentages (in parentheses) and means and stan-

dard deviations.
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vs 1.9%, p = 0.022) and Alzheimer’s disease (30-day
mortality 40.0% vs 4.0%, p = 0.020) were associated
with increased early mortality.

A total of 2 patients (1.1%) who were discharged from
the hospital 4 and 6 days after the procedure were lost to
follow-up. Preoperative EuroSCORE II were 3.7% and
2.2% in these patients, respectively. The 1-year mortality
was 11.6%. With an expected survival of 82.4%, the rela-
tive survival was 1.07, as estimated comparing year-, age-,
and gender-matched general Finnish population (Figure 1).
Despite an initial negative trend in survival related to early
postprocedural mortality, the relative survival increased a
few months after the procedure, suggesting a possible fast
recovery after TAVR.

The present findings demonstrated that TAVR in care-
fully selected nonagenarians is a safe and effective therapy,
which should not be discarded solely by age. In our series,
the 1-year survival of nonagenarians who underwent TAVR
was comparable to the year-, age-, and gender-matched
general Finnish population, which can be held as an excel-
lent outcome considering the high mortality associated with
untreated severe symptomatic AS.4 Although the rates of
early stroke and permanent pacemaker implantation were
low, a rather high incidence of major vascular and bleeding
complications were observed. There have been previous
reports about nonagenarians being more prone than their
younger counterparts to vascular and bleeding complica-
tions, possibly attributed to higher prevalence of peripheral
vascular disease and fragility of tissues common to the
older aged patients.5−7 In addition, majority of our patients
were women who have a higher risk for such complications,



Figure 1. Cumulative observed survival, expected survival, and relative survival at 1-year after the procedure compared with year-, age-, and sex-matched

general Finnish population.
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presumably because of their more complex vascular anat-
omy.8 However, advances in devices, procedural technique,
operator experience, and perioperative care have reportedly
improved outcomes after TAVR.9,10 Indeed, in the present
series, where majority of the procedures (60.7%) were per-
formed after 2018, the incidence of major vascular compli-
cation (14.4% vs 22.2%) and major bleeding (8.1% vs
18.1%) decreased when comparing rates before and after
2018. Nonetheless, the incidence remained high also during
the more recent period, warranting further investigation.

Lastly, thorough preoperative risk assessment and identi-
fication of nonagenarian patients who may gain most from
TAVR remains important. In our series, mortality increased
significantly according to the EuroSCORE II quartiles. This
relation was seemingly nonlinear, highlighting the safety of
TAVR in low-risk nonagenarians. Overall, the EuroSCORE
II demonstrated rather good predictive ability, suggesting
that estimation of operative risk with the EuroSCORE II
may be useful in the preoperative decision-making process
of older aged patients.
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