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Abstract
Background  Current trials and registries of transcatheter valve implantation (TAVI) mostly include patients older than 
75 years. Little is known about younger patients who undergo this treatment. We investigated comorbidities among patients 
< 75 years old who underwent TAVI in the SAPIEN 3™ European post-approval SOURCE 3 Registry, and analysed out-
comes at 30 days and 1 year.
Methods and results  Three age groups of patients were analysed for outcomes and characteristics: < 75 (n = 235), 75–80 
(n = 391) and ≥ 80 years (n = 1320). Overall, the mean age was 81.6 ± 6.7 years; transfemoral access was used in 87.1% of 
patients treated with SAPIEN 3 transcatheter heart valves. The mean logistic EuroSCORE increased according to age group 
(12.6%, 17.3% and 19.7%, respectively, p < 0.001). Younger patients had a higher incidence of comorbidities, particularly 
those not included in surgical risk score assessment tools, e.g., severe liver disease, previous radiation therapy, and porcelain 
aorta. Mortality rates were similar between age groups at 30 days (1.7%, 2.0% and 2.3%, respectively, p = 0.79) and 1 year 
(14.2%, 9.3% and 13.3%, respectively, p = 0.08). However, sudden cardiac death rates were higher in the < 75 years age group 
compared with the ≥ 85 years age group (20.7% vs. 4.8%, p = 0.010).
Conclusions  In current TAVI practice, patients younger than 75 years are a minority (12%). Despite younger age and lower 
surgical risk scores, this cohort was characterized by comorbidities not accounted for by traditional surgical risk scores. 
More data are needed for this age group to guide the appropriate decision between surgery and TAVI.
Clinicaltrial.gov number  NCT02698956.
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Abbreviations
BAV	� Balloon aortic valvuloplasty
COPD	� Chronic obstructive pulmonary disease
CABG	� Coronary artery bypass graft
EACTS	� European Association for Cardio-Thoracic 

Surgery
ESC	� European Society of Cardiology

KM	� Kaplan–Meier
NYHA	� New York Heart Association functional 

class
SOURCE 3	� SAPIEN 3 Aortic Bioprosthesis European 

Outcome
STS	� Society of Thoracic Surgeons
SAVR	� Surgical aortic valve replacement
TAVI	� Transcatheter aortic valve implantation

Introduction

Transcatheter aortic valve implantation (TAVI) has become 
the standard treatment for patients with severe, symptomatic 
aortic stenosis who are considered inoperable [1] or at high 
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operative risk [2–5]. The recently revised European Society 
of Cardiology (ESC)/European Association of Cardiotho-
racic Surgeons (EACTS) guidelines on valvular heart disease 
recommend considering TAVI as an alternative to surgical 
aortic valve replacement (SAVR) in patients at intermediate 
surgical risk (logistic EuroSCORE > 10% and Society of 
Thoracic Surgeons [STS] score > 4% or other risk factors not 
included in the scores) [6]. The guidelines emphasize, how-
ever, that the population currently being studied has a mean 
age of approximately 80 years (e.g., intermediate risk trials, 
such as PARTNER 2 [7] or SURTAVI [8]), with patients 
rarely younger than 75 years, and that data reported for this 
population cannot simply be applied to younger patients.

Currently available data on the impact of age on outcomes 
after TAVI are mostly restricted to analyses within the popu-
lation older than 75 years [9, 10]. Given the limited outcome 
data on patients younger than 75 years treated with TAVI, 
we have systematically investigated the potential impact 
of younger age on clinical outcomes at 30 days and 1 year 
in the large SOURCE 3 cohort implanted with a balloon-
expandable THV. Overall data on 30-day [11] and 1-year 
[12] outcomes have recently been published. Herein, we pre-
sent a detailed analysis of a large cohort of patients younger 
than 75 years compared with older patients.

Methods

Registry design and purpose of this analysis

From July 2014 to October 2015, 1946 patients with severe 
aortic stenosis who underwent TAVI with the third gen-
eration SAPIEN 3 THV (Edwards Lifesciences, Irvine, 
CA, USA) were included in the SOURCE 3 Registry. The 
SOURCE 3 (SAPIEN 3 Aortic Bioprosthesis European Out-
come) European, post-approval, multicenter, observational, 
and non-randomized registry was approved by each of the 
80 participating centre’s institutional ethical review board 
in 10 European countries (centres listed in Supplemental 
Table). Treatment with TAVI in all centres was supported 
by a local heart team. The patients were not necessarily 
enrolled consecutively. The trial conformed to the princi-
ples outlined in the Declaration of Helsinki, and each patient 
signed an informed consent for data collection and analysis. 
The 30-day [11] and 1-year results [12] have been published 
previously.

Clinical and echocardiographic data were collected at 
baseline, discharge, 30-days, and 1-year post index pro-
cedure. All clinical events were adjudicated according to 
Valve Academic Research Consortium 2 (VARC-2) criteria 
by an independent committee. Adverse events adjudicated 
included THV in THV, conversion to open heart surgery, 
life-threatening bleeding, and coronary obstruction to 

30 days post-procedure; acute kidney injury to 7 days post-
procedure; and cardiovascular death, stroke, myocardial 
infarction, and new permanent pacemaker to 1 year post-
procedure. Echocardiographic data presented were site-
reported. The investigators answered a “yes/no” question to 
document the frailty of patients in the study.

For the purpose of the present analysis, patients were cat-
egorized into three groups according to their age at enrol-
ment, i.e., < 75, 75–80, and ≥ 80 years. The < 75-year-old 
cut-off was selected according to the current guidelines [6], 
while the 75- to 80-year-old group was chosen to further 
differentiate the results. Baseline characteristics, 30-day and 
1-year outcomes were analysed according to age groups.

Data collection and statistical analysis

All data were entered in the electronic data capture sys-
tem by the participating centres and was monitored by the 
Sponsor.

Continuous variables are presented as mean ± standard 
deviation (SD). Kaplan–Meier (KM) estimates were com-
puted for clinical outcomes at 30 days and 1 year.

A landmark analysis was conducted to investigate the 
impact of age from 30 days to 1 year. Differences between 
age groups were tested using the Wilcoxon rank sum test for 
continuous variables, Fisher´s exact test for categorical vari-
ables, and log rank test for clinical outcomes. For variables 
with a statistically significant difference among the three 
groups, a pairwise comparison was conducted using Wil-
coxon test for continuous variables, Fisher´s exact test for 
categorical variables, and log rank test for clinical outcomes. 
Kaplan–Meier survival curves for each group were plotted 
up to 1 year. In addition, a sub-analysis of the < 65-year-old 
subgroup (n = 40) was performed to identify other drivers 
of poor prognosis.

All statistical analyses were performed using SAS, ver-
sion 9.3 (SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics

Most patients were 80  years old or older; followed by 
patients between 75 and 80 years old; 12% of patients were 
younger than 75 years at enrolment (Table 1). As age is one 
of the main drivers of the logistic EuroSCORE (log ES) 
calculation, the mean log ES increased significantly with 
age. The proportion of males was approximately 60% in each 
group, except in the ≥ 80-year-old group, where males rep-
resented half of the population (p < 0.001).

While the age groups did not differ in several baseline 
characteristics (eg, NYHA class IV, coronary artery disease, 
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Table 1   Demographic and baseline characteristics

BNP B-type natriuretic peptide, CK creatinine kinase, COPD chronic obstructive pulmonary disease, Log ES logistic EuroSCORE, LVEF left 
ventricular ejection fraction, NYHA New\ York Heart Association

Characteristic < 75 years old (N = 235) 75–80 years old (N = 391) ≥ 80 years old (N = 1320) p value

Mean ± SD
 Age, years 68.8 ± 5.62 77.3 ± 1.40 85.1 ± 3.49
 Log ES 12.6 ± 11.45 (n = 209) 17.3 ± 13.04 (n = 367) 19.7 ± 13.20 (n = 1209) < 0.001
 EuroSCORE II 4.6 ± 4.68 (n = 189) 5.4 ± 5.83 (n = 308) 5.8 ± 5.56 (n = 1002) < 0.0001
 STS 6.0 ± 8.21 (n = 138) 5.3 ± 5.98 (n = 227) 7.9 ± 7.59 (n = 719) < 0.0001

n/N (%)
 Female 89/235 (37.9) 149/391 (38.1) 696/1320 (52.7) < 0.001
 Log ES < 10% 120/209 (57.4) 129/367 (35.1) 269/1209 (22.2) < 0.001
 NYHA class IV 20/226 (8.8) 30/382 (7.9) 119/1271 (9.4) 0.686
 LVEF 53.9 ± 14.9 (n = 193) 53.2 ± 13.4 (n = 391) 55.3 ± 13.6 (n = 1320) 0.035
 LVEF < 30% 17/193 (8.8) 20/328 (6.1) 63/1129 (5.6) 0.218
 Hypertension 182/235 (77.4) 342/391 (87.5) 1067/1320 (80.8) 0.002
 Dyslipidaemia 128/235 (54.5) 236/391 (60.4) 690/1320 (52.3) 0.019
 History of smoking 109/235 (46.4) 143/390 (36.7) 333/1320 (25.2) < 0.001
 Diabetes 89/235 (37.9) 140/391 (35.8) 346/1320 (26.2) < 0.001
 Insulin-dependent 44/235 (18.7) 59/391 (15.1) 107/1320 (8.1) < 0.001
 Coronary artery disease 124/235 (52.8) 213/391 (54.5) 665/1320 (50.4) 0.334
 Myocardial infarction 42/235 (17.9) 52/391 (13.3) 134/1320 (10.2) 0.002
 Stroke 21/235 (8.9) 41/391 (10.5) 102/1320 (7.7) 0.211
 Coronary bypass grafting 48/235 (20.4) 59/391 (15.1) 114/1319 (8.6) < 0.001
 Prior sternotomy 41/235 (17.4) 48/391 (12.3) 83/1319 (6.3) < 0.001
 Prior aortic valvuloplasty 10/235 (4.3) 13/391 (3.3) 67/1319 (5.1) 0.353
 Prior mitral valvuloplasty 6/235 (2.6) 6/391 (1.5) 6/1319 (0.5) 0.003
 Prior tricuspid valvuloplasty 0/235 (0) 1/391 (0.3) 3/1319 (0.2) > 0.999
 Prior peripheral stent (femoral, iliac) 13/235 (5.5) 13/391 (3.3) 24/1319 (1.8) 0.003
 Prior carotid stent or carotid endarterectomy 8/235 (3.4) 17/391 (4.3) 45/1319 (3.4) 0.657
 Congestive heart failure 96/235 (40.9) 143/391 (36.6) 468/1320 (35.5) 0.280
 Mitral regurgitation (moderate to severe) 26/208 (12.5) 45/368 (12.2) 178/1198 (14.9) 0.378
 Tricuspid regurgitation (moderate to severe) 21/204 (10.3) 37/342 (10.8) 122/1104 (11.1) 0.970
 Atrial fibrillation 36/220 (16.4) 81/370 (21.9) 307/1283 (23.9) 0.040
 Prior pacemaker 24/235 (10.2) 31/391 (7.9) 175/1319 (13.3) 0.010
 COPD 54/235 (23.0) 75/391 (19.2) 184/1320 (13.9) < 0.001
 Renal insufficiency 59/235 (25.1) 105/391 (26.9) 371/1320 (28.1) 0.625
 Creatinine, mg/dL, mean ± SD (n) 7.1 ± 24.3 (234) 4.1 ± 19.4 (388) 6.5 ± 23.9 (1315) 0.741

n/N (%)
 Liver disease 17/235 (7.2) 7/391 (1.8) 11/1320 (0.8) < 0.001
 Porcelain aorta 25/235 (10.6) 19/391 (4.9) 32/1320 (2.4) < 0.001
 Hostile chest 25/235 (10.6) 19/391 (4.9) 32/1320 (2.4) < 0.001
 Frailty 35/235 (14.9) 71/391 (18.2) 161/1320 (12.2) 0.010
 Previous cancer 62/235 (26.4) 99/391 (25.3) 246/1320 (18.6) 0.002

Mean ± SD (n)
 BNP 822 ± 1710 (n = 32) 1578 ± 3418 (n = 51) 1666 ± 3387 (n = 215) 0.063
 N-terminal BNP 3854 ± 6620 (n = 68) 4770 ± 7865 (n = 107) 4485 ± 7600 (n = 338) 0.378
 Creatinine kinase 94.8 ± 72.3 (n = 129) 89.3 ± 66.1 (n = 268) 88.9 ± 73.4 (n = 696) 0.632
 CK-MB, U/L 17.4 ± 11.0 (n = 35) 19.8 ± 18.3 (n = 93) 20.0 ± 30.4 (n = 194) 0.766
 Troponin I, ng/mL 1.9 ± 7.1 (n = 36) 6.0 ± 13.1 (n = 59) 4.0 ± 12.8 (n = 227) 0.152
 Troponin T, ng/mL 11.1 ± 28.3 (n = 61) 8.2 ± 37.3 (n = 118) 10.6 ± 59.6 (n = 329) 0.664
 Haemoglobin, g/dL 16.5 ± 21.3 (n = 235) 14.9 ± 16.4 (n = 386) 16.7 ± 21.9 (n = 1307) 0.063
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congestive heart failure, moderate or severe mitral and tri-
cuspid regurgitation, and chronic obstructive pulmonary 
disease [COPD]), other parameters differed significantly 
across age groups (Table 1 and Supplemental Table A). For 
example, younger patients had higher rates of a history of 
smoking (p < 0.001), diabetes (p < 0.001), previous myo-
cardial infarction (p = 0.002), coronary artery bypass graft 
(CABG; p < 0.001), and COPD (p < 0.001). Of particular 
note, the rate of risk factors not considered in surgical risk 
scores [e.g., severe liver disease (p < 0.001), hostile chest 
(p < 0.001), and porcelain aorta (p < 0.001)] were remark-
ably high in the youngest age group (< 75 years) compared 
with the older age groups. A few risk factors had a higher 
incidence in the 75–80-year-old group (eg, hypertension, 
dyslipidaemia, and frailty) compared with the other groups, 
while atrial fibrillation and pacemaker implantation had a 
higher incidence in the ≥ 80-year-old group compared with 
the other two age groups. Interestingly, the percentage of 
frailty was numerically higher in the < 75-year-old group 
than in the > 80-year-old group, although the difference was 
not statistically significant. A higher proportion of patients 
had cancer at baseline in the younger group compared with 
older patients (p = 0.002, Table 1). It translated to a slightly 
higher numerical death rate for malignancy during the study 
in younger patients versus older patients but did not reach 
the level of statistical significance (p = 0.65, Supplemental 
Table C). A higher proportion of patients had a peripheral 
stent, mitral valvuloplasty, and sternotomy in the younger 
group compared with the older groups (Table 1 and Sup-
plemental Table A).

Intra‑ and periprocedural parameters

Most patients (87.1%) were treated using the transfemoral 
(TF) approach, while 12.9% of patients underwent TAVI 
through non-TF access, mainly transapical. Regarding 
intraprocedural parameters (Table 2), similar among age 
groups was the rate of transfemoral approach, no BAV in 
approximately half of patients, correct valve positioning 
in most patients, post-dilatation in approximately 10% of 
patients, surgical vascular closure in approximately 6% 
of patients, procedure time of approximately 75 min, and 
amount of contrast volume used.

While slightly more than half of the patients in the 
< 75- and 75–80-year-old groups had general anaesthe-
sia, only 45% of patients ≥ 80 years had general anaesthe-
sia (p = 0.011). The percentage of patients implanted per 
valve size (i.e., 23 mm, 26 mm, and 29 mm) differed among 
age groups (comparison between the 3 groups: p < 0.001). 

Fluoroscopy time was slightly, but significantly, longer in 
the ≥ 80-year-old group (p = 0.008).

Clinical outcomes at 30 days and 1 year

Overall and cardiovascular mortality at 30 days were low 
and similar in the three age groups (1.7%, 2.0%, 2.3% and 
0.9%, 1.0%, 1.9%, respectively, in the < 75-, 75–80-, and 
> 80-year-old age groups). At 1 year, overall and cardio-
vascular mortality were also similar in patients < 75 years 
compared with those 75–80 years (14.2% vs. 9.3% and 7.6% 
vs. 5.3%, respectively) as well as with patients > 80 years 
(13.3% overall and 8.9% cardiovascular mortality; Table 3).

Nevertheless, when analysing the Kaplan–Meier event 
rates of all-cause mortality, it appeared that while the 
rates were rather superimposed up to 30 days, the three 
curves dissociated beyond this point (Fig. 1). This analy-
sis confirmed that all-cause mortality was similar (p = 0.54) 
between < 75-year-old patients (12.7% [95% CI 9.02, 
17.80]) and those older than 80 years (11.3% [95% CI 9.72, 
13.20]); while mortality appeared significantly lower in the 
75–80-year-old group: 7.4% [95% CI 5.16, 10.53] (p = 0.024 
compared with the < 75-year-old group and p = 0.025 com-
pared with the ≥ 80-year-old group). No other significant 
differences were observed between 30 days and 1 year on 
any other clinical outcomes, including cardiac mortality (see 
Supplemental Table B). To identify factors involved in the 
cardiac mortality results, we conducted an analysis on the 
cause of cardiac death. Sudden cardiac death appeared to 
be the main driver of differences among age groups for all-
cause mortality (p = 0.006). The sudden cardiac death rate 
was 20.7% in the < 75-year-old group, while it was reported 
in less than 5% of patients in the two older age groups 
(p = 0.102 when compared with the 75- to 80-year-old group 
and p = 0.010 when compared with the ≥ 80-year-old group) 
(Supplementary Files—Table C).

No other statistically significant differences were seen 
between age groups for any other clinical outcomes, i.e., 
disabling stroke (Supplementary Figure A), bleeding, myo-
cardial infarction (MI), new onset of atrial fibrillation (AF) 
and new pacemaker implantation (Supplementary Figure B).

Subgroup of patients < 65 years

Expectedly, the analysis conducted on the subgroup of very 
young patients (< 65 years, 62.5% males, n = 40) revealed 
a much lower surgical risk score (mean log ES: 7.3 ± 7.5%, 
p < 0.001) as compared with other groups (Table D in Sup-
plementary Files). Hostile chest occurred significantly 

p value: Wilcoxon rank sum test for continuous variables and Fisher’s exact test for categorical variables
Table 1   (continued)
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greater frequency in the younger patient group than in the 
older patient groups (p < 0.001, Table D in Supplementary 
File). In patients < 65 years, 17.5% reported complications 
from previous surgery or had evidence of thoracic radiation 
therapy vs. 2.8% in the 75–80-year-old group (p < 0.001) 
and 1.4% in the ≥ 80-year-old group (p < 0.001). Radia-
tion therapy related to previous cancer was also reported in 
17.5% of < 65-year-old patients with hostile chest (Table D 
in Supplementary File). All-cause mortality in this sub-
group of < 65-year-old patients (Table E in Supplementary 
File) appeared to be the higher than for all other age groups 
(15.4% vs. 7.4% in the 75- to 80-year-old and 11.3% in the 
≥ 80-year-old group; p value between groups = 0.044).

Hemodynamics and functional evaluation

Mean gradient and effective orifice area (EOA) were sub-
stantially improved after valve implantation, but no statisti-
cally significant differences were found between age groups 
(Fig. 2).

Similarly, the quality of life assessed according to EQ-5D 
was improved by the THV implant with no statistically sig-
nificant differences found between age groups. While most 
patients were in NYHA class II/III at baseline; they were in 
NYHA class I/II after the THV implant (Fig. 3).

Discussion

While a huge amount of data is available now on the out-
comes of TAVI in patients older than 75 years of age, little 
is known about TAVI outcomes in younger patients. In our 
analysis of the SOURCE 3 Registry, only 12% of patients 
were younger than 75 years. These younger patients had 
higher rates of smoking, diabetes, myocardial infarction, 
previous CABG procedure, and COPD at enrolment. Of par-
ticular note, there was a remarkably higher rate of comorbid-
ities not reflected by surgical risk scores in the younger than 
75 years, such as severe liver disease, hostile chest, severe 

Table 2   Procedural characteristics, by age group

BAV balloon aortic valvuloplasty, THV transcatheter heart valve
p values were calculated using Wilcoxon sum rank for continuous variables and Fisher’s exact test for categorical variables. p values for THV in 
THV and conversion to open heart surgery were calculated using Fisher’s exact test; p values for coronary obstruction, aortic root/annulus rup-
ture, and major vascular complication were calculated using log rank test
a Site reported

Characteristic < 75 years old (N = 235) 75–80 old (N = 391) ≥ 80 years old (N = 1320) p value

n/N (%)
 Transfemoral approach 196/235 (83.4) 335/391 (85.7) 1163/1320 (88.1) 0.092
 General anaesthesia 118/235 (50.2) 204/391 (52.2) 592/1320 (44.8) 0.011
 No BAV 114/235 (48.5) 192/391 (49.1) 677/1319 (51.3) 0.593
 Valve size < 0.001
  23 mm 68/235 (28.9) 116/391 (29.7) 523/1320 (39.6)
  26 mm 93/235 (39.6) 169/391 (43.2) 540/1320 (40.9)
  29 mm 74/235 (31.5) 106/391 (27.1) 257/1320 (19.5)

 Correct positioning 233/235 (99.1) 386/391 (98.7) 1297/1314 (98.7) 0.698
 Post-dilatation 27/235 (11.5) 48/389 (12.3) 132/1319 (10.0) 0.359
 Vascular closure-surgical 13/194 (6.7) 20/331 (6.0) 62/1155 (5.4) 0.809
 Vascular closure-device 178/194 (91.8) 309/331 (93.4) 1076/1155 (93.2) 0.809
 Procedure time, mean ± SD in min 77.8 ± 51.49 (n = 194) 74.1 ± 38.74 (n = 329) 71.4 ± 33.66 (n = 1081) 0.463

Mean ± SD
 Fluoroscopy time, min 13.2 ± 8.78 (n = 200) 13.6 ± 6.94 (n = 357) 14.2 ± 7.42 (n = 1152) 0.008
 Contrast volume, ml 213, 117.4 ± 55.46 374, 129.0 ± 69.20 1251, 119.0 ± 57.00 0.173
 Total length of stay, min 13.4 ± 9.2 (n = 235) 12.6 ± 7.0 (n = 391) 12.7 ± 9.0 (n = 1320) 0.351
 Length of stay in the intensive cardiac 

unit, min
2.2 ± 4.1 (n = 235) 1.9 ± 3.4 (n = 391) 2.1 ± 4.1 (n = 1320) 0.837

 THV in THV 2 (0.9) 5 (1.3) 7 (0.5) 0.228
 Conversion to open heart surgery 1 (0.4) 3 (0.8) 7 (0.5) 0.891
 Coronary obstruction 0 (0.0) 1 (0.3) 6 (0.5) 0.853
 Aortic root/annulus rupturea 0 (0.0) 0 (0.0) 3 (0.2) > 0.999
 Major vascular complication 7 (3.0) 12 (3.1) 39 (3.0) 0.979
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radiation damage, and porcelain aorta. These findings were 
even more pronounced in patients younger than 65 years.

The higher rate of pre-existing comorbidities in younger 
than average TAVI patients are consistent with reports from 
the German TAVI registry [13], as well as other reports. 
Attizzani et al. [14] analysed data from a large, prospective, 
multi-centre, Italian registry to assess age-related differences 
in clinical outcomes at 30 days and 12 months follow-up 
in consecutive patients who underwent TAVI with a self-
expanding TAVI prosthesis focussing on patients of very 
advanced age (i.e., > 85 years). The results of their study 
suggested that higher age is not associated with a worse out-
come post-TAVI. Despite a higher overall risk profile, as 

Table 3   Clinical outcomes on the overall cohort and by age

All events are CEC adjudicated; values are Kaplan–Meier estimates (%) [95% confidence interval]

Endpoints Time point < 75 years old (N = 235) 75–80 old (N = 391) ≥ 80 years old (N = 1320) p value

All-cause mortality 30 days 1.7 [0.64, 4.47] 2.0 [1.03, 4.05] 2.3 [1.66, 3.32] 0.793
1 year 14.2 [10.32, 19.41] 9.3 [6.79, 12.64] 13.3 [11.62, 15.31] 0.076

Cardiovascular mortality 30 days 0.9 [0.21, 3.37] 1.0 [0.39, 2.72] 1.9 [1.29, 2.79] 0.299
1 year 7.6 [4.76, 11.88] 5.3 [3.43, 8.05] 8.9 [7.43, 10.55] 0.068

All stroke 30 days 0.4 [0.06, 2.98] 1.0 [0.39, 2.70] 1.8 [1.17, 2.63] 0.217
1 year 1.4 [0.45, 4.29] 3.5 [2.05, 5.98] 3.2 [2.38, 4.35] 0.283

Disabling stroke 30 days 0.4 [0.06, 2.98] 0.5 [0.13, 2.03] 0.5 [0.25, 1.11] 0.978
1 year 0.9 [0.22, 3.53] 1.9 [0.92, 4.00] 1.3 [0.78, 2.08] 0.584

Life-threatening bleedings 30 days 4.7 [2.62, 8.29] 3.1 [1.76, 5.34] 5.8 [4.70, 7.25] 0.089
Major vascular complication (%) 30 days 5.5 [3.25, 9.35] 4.9 [3.13, 7.51] 4.0 [3.09, 5.23] 0.509
Myocardial infarction 30 days 0.0 NA 0.8% [0.25, 2.36] 0.2% [0.07, 0.71] 0.160

1 year 0.9 [0.23, 3.65] 1.9 [0.89, 3.86] 0.6 [0.32, 1.29] 0.098
New onset of atrial fibrillation 30 days 3.4 [1.72, 6.69] 7.2 [5.00, 10.21] 6.6 [5.41, 8.12] 0.139

1 year 4.3 [2.34, 7.87] 8.5 [6.12, 11.75] 8.4 [6.97, 10.01] 0.106
New permanent pacemaker 30 days 9.8 [6.62, 14.37] 10.7 [8.06, 14.26] 12.9 [11.24, 14.88] 0.246

1 year 10.7 [7.35, 15.40] 12.1 [9.23, 15.78] 13.9 [12.17, 15.93] 0.299
Acute kidney injury 7 days 2.1 [0.89, 5.04] 1.0 [0.39, 2.70] 1.0 [0.58, 1.70] 0.309

Fig. 1   All-cause mortality per age group, up to 1 year

Fig. 2   Mean gradient and effective orifice area per age group, up to 
1 year

Fig. 3   Symptoms assessed using the New York Heart Association per 
age group, up to 1 year
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determined by higher EuroSCORE and Society of Thoracic 
Surgeons score. Older patients had similar periprocedural 
30-day and 1-year outcomes compared with their younger 
(i.e., 75–85 years old) counterparts.

Conversely, Regev and colleagues [15] recently pub-
lished an outcome analysis of a small subgroup of patients 
< 70 years from a three-centre TAVI registry. The authors 
found a higher rate of comorbidities in this subgroup, includ-
ing significantly higher use of corticosteroids, COPD, diabe-
tes, and peripheral artery disease. Despite the higher preva-
lence of risk factors, the 1-year mortality was lower in the 
70-year-old subgroup than in the octogenarians.

In our study, most procedural parameters did not differ 
among age groups, except for the percentage of patients 
implanted per valve size and fluoroscopy time. Despite a 
higher overall risk profile, as described by higher logistic 
EuroSCORE and EuroSCORE II, older patients (≥ 75 years) 
experienced periprocedural, 30-day and 1-year outcomes 
comparable to younger patients (< 75 years). More 23 mm 
valves were used in the eldest age group; presumably 
because of the higher proportion of female patients in this 
group compared with the two younger groups; and also, 
potentially, because women are generally smaller than men.

We applied a landmark analysis for mortality from 
30 days to 1 year, which excludes most of the periprocedural 
mortality and complications. Of note, mortality appeared to 
be similar between the < 75-year-old group and the oldest 
group (≥ 80 years), but significantly higher than the 75- to 
80-year-old group. Additionally, in concordance with the 
available literature, younger patients experienced less atrial 
fibrillation [16] and required fewer permanent pacemaker 
implantations to 1 year [17, 18]. In addition, low numbers 
of life-threatening bleeding and low-risk scores (e.g., STS 
score) might have contributed to this finding.

Various hypotheses could be proposed to support these 
observations. As described above, in our analysis, younger 
patients (< 75 years) appeared to suffer more frequently from 
comorbidities not accounted for in “classical” surgical risk 
scores, such as hostile chest, in part, secondary to radiation 
therapies for cancer treatment, porcelain aorta and liver dis-
ease. These comorbidities could contribute to the mortal-
ity observed from 30 days to 1 year in this subgroup. This 
notion is in line with the findings from Theut and co-workers 
[19] that confirmed that “late” mortality in TAVI patients 
(in their case > 90 days post-TAVI) is mostly driven by non-
cardiovascular, comorbidity-associated mortality.

However, the rather high rate of sudden cardiac death 
in the < 75-year-old patient group in our analysis remains 
unexplained; although, high numbers of previous myocar-
dial infarction and/or a history of relevant coronary artery 
disease treated with CABG might partially contribute to this 
finding. In a large cohort (N > 3700), Urena and colleagues 
[20] could not identify age as an independent risk factor 

for late sudden cardiac death after TAVI. In their analyses, 
sudden cardiac death accounted for 8.6% of all deaths, with 
reduced ejection fraction (EF; < 40%) being the strongest 
predictor. Yet, the latter point was not reproduced in our 
patient cohort: we found no significant differences in the 
frequency of severely impaired EF between age groups. A 
potential explanation for the high number of sudden cardiac 
deaths could be the significantly higher number of young 
patients who had undergone irradiation [21].

It must be mentioned that our 30-day mortality results 
were low and did not differ between age groups. Thus, 
despite the relevant comorbidities, TAVI was feasible in all 
patient groups with a high degree of procedural safety.

Recently, Eggebrecht and colleagues [22] published a 
study from the German AQUA registry comparing the in-
hospital outcomes of patients under 75 years who underwent 
transfemoral TAVI or SAVR. In their study, similar factors, 
such as frailty, had driven the decision to perform TAVI in 
this young patient cohort. Of note, after propensity match-
ing, no differences were found for in-hospital mortality or 
stroke. Patients who underwent TAVI had fewer incidences 
of delirium but needed more permanent pacemakers.

Limitations

The SOURCE 3 Registry is limited by its non-randomized 
design. Additionally, although our data had low numbers 
of events that may preclude definitive conclusions from 
our analyses, the study represents a large cohort of real-life 
TAVI patients. One should also consider that the param-
eters we analysed were available in high but not complete 
percentages.

Conclusions

In contemporary TAVI practice, patients under the age of 
75 years represent a minority of cases. Here, we presented 
the largest cohort of TAVI patients under 75 years published 
to date. Despite younger age and a significantly lower sur-
gical risk score, their periprocedural, 30-day outcomes did 
not markedly differ from older, higher-risk patients, but 
outcomes from 30 days to 1 year were worse for younger 
patients than for patients between 75 and 80 years. The 
1-year outcomes in younger patients were mainly driven by 
a higher rate of sudden cardiac death compared with older 
patients. The results of this study may be partially, but not 
entirely, explained by comorbidities not accounted for by 
traditional scores, which was particularly prominent in a 
subgroup of patients < 65 years. Our results confirm cur-
rent guidelines and emphasize the need for further research. 
We suggest conducting randomized trials in this age group 
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before recommendations are made to choose TAVI over con-
ventional aortic valve surgery.
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