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for patients who are considered moderate to high 
risk or are not suitable candidates for surgery.3,4 
Advantages of TAVI over SAVR, including shorter 
hospital stay and faster recovery, are particular‑
ly relevant in elderly patients.5 Previous studies 
have shown that advanced age itself is not a pre‑
dictor of inferior safety or efficacy of TAVI, dem‑
onstrating similar rates of complications and mor‑
tality in younger and older patients.5-7

Introduction  The prevalence of aortic valve 
stenosis (AS), the most common acquired valvu‑
lar heart disease, increases with age. As life expec‑
tancy is increasing, the number of patients requir‑
ing treatment for AS is expected to grow steadi‑
ly.1,2 Advanced age is a known risk factor in surgi‑
cal aortic valve replacement (SAVR). Introduction 
of transcatheter aortic valve implantation (TAVI) 
provided an effective and less‑invasive alternative 
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Abstract

Introduction  The number of elderly patients requiring treatment of aortic stenosis is expected to grow 
steadily due to increasing lifespan. Transcatheter aortic valve implantation (TAVI) is an alternative treat‑
ment for patients with aortic stenosis considered nonoptimal candidates for surgical valve replacement.
Objectives  We aimed to assess age‑related differences in 30‑day and 1‑year cardiovascular mortality, 
Valve Academic Research Consortium‑2 (VARC‑2)–defined complications in patients undergoing TAVI, by 
comparing outcomes in patients younger than 85 years and those aged 85 years or older.
Patients and methods  The study group included patients who underwent TAVI at  the Institute of 
Cardiology, Warsaw from January 2009 to July 2019. Clinical, procedural, and follow‑up data were 
retrospectively collected and compared in 2 groups defined according to age: group 1, younger than 85 
years (417) and group 2, aged 85 or older (200).
Results  The surgical risk profile assessed by the EuroSCORE II was significantly higher in the group 
of older patients (median [interquartile range], 6.5% [3.5%–17.3%] vs 7.2% [3.4%–18.1%]; P = 0.002); 
30‑day and 1‑year cardiovascular mortality was 4.3% in group 1 as compared with 5% in group 2 
(P = 0.69) and 10.8% in group 1 as compared with 9.4% in group 2 (P = 0.51), respectively. The rate 
of VARC‑2‑defined complications was similar in both groups, with the exception of major vascular com‑
plications (3.12% vs 8.5%; P = 0.004) and major bleeding (10.8% vs 18.5%; P = 0.008), which were 
more prevalent in older patients.
Conclusions  Cardiovascular mortality at 1 month and 1 year following TAVI is similar in patients aged 
85 years or older and in those younger than 85 years.
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(MI), periprocedural stroke, new pacemaker pri‑
or to discharge or in‑hospital death (definitions 
are presented in Supplementary material, Ta-
ble S1).

Statistical analysis  We assessed the normality 
of distribution of variables using the Shapiro–
Wilk test. Continuous variables were displayed 
as medians and interquartile ranges (IQRs) and 
categorical variables as percentage frequencies. 
Clinical and echocardiographic data were com‑
pared using the Mann–Whitney test (ordinal and 
continuous variables) and the χ2 test (categorical 
variables). Survival differences between group 1 
and group 2 were assessed using the cumulative 
Kaplan–Meier curves and the significance of sur‑
vival differences was estimated using the log‑rank 
test. The Cox regression analysis was used to de‑
termine the predictive value of clinical and pro‑
cedural data, as well as the incidence of VARC
‑2‑defined endpoints concerning the cumulative 
in‑hospital mortality and mortality at 30 days 
and 1 year. A P value of less than 0.05 was con‑
sidered significant in all calculations. Statistical 
analysis was performed using the SPSS analysis 
software system (version 26, IBM corp., Armonk, 
New York, United States).

Ethics  This study was approved by the institu‑
tional review board. Patient written informed con‑
sent was not required in this retrospective study.

Results  The study cohort included 617 consecu‑
tive patients who underwent TAVI at the Institute 
of Cardiology in Warsaw, Poland, between Jan‑
uary 2009 and July 2019. Patients were divided 
into 2 age groups with a cutoff value of 85 years: 
group 1, younger than 85 years (n = 417), and 
group 2, aged 85 or older (n = 200). Mean (SD) 
age was 76.8 (7.9) for group 1 and 87.4 (2.1) for 
group 2. Age structure of patients in quartiles di‑
vided according to the procedure date is present‑
ed in Supplementary material (Figure S1). Baseline 
group characteristics and comparison are present‑
ed in Table 1. The surgical risk profile assessed by 
the EuroSCORE II was higher in the older group 
of patients (median [IQR], 6.5% [3.5%–17.3%] vs 
7.2% [3.4%–18.1%]; P = 0.002). There were no sta‑
tistically significant differences in the prevalence 
of atrial fibrillation, chronic obstructive pulmo‑
nary disease, diabetes mellitus, or previous cere‑
brovascular disease.

Periprocedural and postprocedural patient 
characteristics and outcomes are summarized in 
Table 2. Transfemoral approach was used in 79.9% 
(n = 493) of all cases. While the rates of VARC‑2 
defined bleeding and vascular complications were 
similar in both groups, major vascular complica‑
tions (3.1% vs 8.5%; P = 0.04) and major bleed‑
ing (10.8% vs 18.5%; P = 0.008) were more prev‑
alent in older patients. There was no statistical‑
ly significant difference between the 2 groups in 
terms of other VARC‑2‑defined endpoints.

The aim of this study was to assess age‑related 
differences in outcomes among patients under‑
going TAVI at our center younger than 85 years 
and those aged 85 years or older.

Patients and methods  The study group in‑
cluded all patients who underwent TAVI at the 
Institute of Cardiology in Warsaw from January 
2009 to July 2019. Patients with severe symptom‑
atic AS were referred for a valve replacement pro‑
cedure. Decision on choosing TAVI over SAVR was 
made by the institutional Heart Team.

All patients evaluated for TAVI underwent 
standard screening with transthoracic echocar‑
diography and multislice computed tomogra‑
phy for the assessment of the aortic valve, aor‑
tic annulus, aorta, as well as the potential access 
site: subclavian, iliac, or femoral. In selected pa‑
tients, transesophageal echocardiography was 
also performed.

TAVI procedures were performed using Ed‑
wards Sapien, Sapien XT, or Sapien 3 (Edwards 
Lifesciences, Irvine, California, United States); 
CoreValve, EvolutR, EvolutR Pro, or Engager 
(Medtronic, Minneapolis, Minnesota, United 
States); and Lotus or Acurate (Boston Scientif‑
ic, Marlborough, Massachusetts, United States) 
prostheses. The femoral artery was the preferred 
route of vascular access. Subclavian, transapical, 
or direct aortic access routes were considered 
second choice. Immediately after the procedure, 
its effectiveness was assessed on echocardiog‑
raphy. Additional transthoracic echocardiogra‑
phy was performed on the day of discharge and 
during follow‑up visits at day 30, 180, and 360, 
then annually.

Procedural details and all clinical baseline 
and follow‑up data were prospectively collect‑
ed in local database and, since January 2013, 
also within the PolTAVI National Registry. We 
were able to obtain complete follow‑up data re‑
garding mortality at 1 month and 1 year. Long
‑term follow‑up was available for 488 of 502 pa‑
tients (97.2%) at 2 years and for 255 of 273 pa‑
tients (93.4%) at 5 years of follow‑up. We have 
obtained mortality data from the National Reg‑
istry of Population (Narodowy Spis Powszechny). 
The primary endpoint was all‑cause mortali‑
ty at 1 month and 1 year. Secondary endpoints 
were procedural complications defined according 
to the Valve Academic Research Consortium‑2 
(VARC‑2) Document and a composite endpoint 
of VARC‑2-defined life‑threatening or major 
bleeding, periprocedural myocardial infarction 

What’s new?

Transcatheter aortic valve replacement (TAVI) is a well‑established alterna‑
tive for treatment of patients who are not suitable for surgical aortic valve 
replacement. Patients older than 85 years represent a substantial fraction 
of those undergoing TAVI. We present the largest Polish single‑center study 
comparing short and mid‑term results of TAVI in patients younger than 85 
years as compared with those aged 85 years or older.
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results of TAVI in patients younger than 85 years 
as compared with those aged 85 years or older.

Although advanced age is considered an impor‑
tant surgical risk factor and is included in all sur‑
gical risk calculators used also to assess the pro‑
cedural risk of TAVI, the main finding of our ret‑
rospective analysis is that there are no significant 
differences in TAVI outcomes between patients 
younger than 85 and aged 85 or older. This con‑
firms previous findings suggesting that transcath‑
eter treatment is a reasonable choice in selected 
older patients with AS.5-7

We did not observe significant differences be‑
tween the groups in terms of factors that are usu‑
ally related to a higher risk of TAVI complica‑
tions, such as previous cerebrovascular disease, 
chronic obstructive pulmonary disease, or low 
left ventricular ejection fraction. Differences in 
the general characteristics of the subgroups in‑
cluded higher body mass index and body surface 
area index, higher hemoglobin and platelet count 
and better renal function in the younger group of 
patients. The surgical risk as assessed by the Eu‑
roSCORE II was significantly higher in the old‑
er, which may also result from including age it‑
self in the calculator.

Our results, which are in favor of elderly pa‑
tients, correspond with data published by Ha‑
vakuk et al7 who also compared outcomes in pa‑
tients aged 85 or younger as compared with those 
older than 85 years and found no statistical dif‑
ferences in terms of 30‑day mortality. However, 
480‑day mortality in their study was significant‑
ly higher in the older group. In the FRANCE‑2 
(French Aortic National CoreValve and Ed‑
wards-2) registry assessing 346 nonagenarian 
patients, Yamamoto et al8 demonstrated a 30‑day 
mortality of 11.2% in patients older than 90 years, 
with no significant difference compared with pa‑
tients aged 80 to 84 or 85 to 89 years, which is 
similar to our mid‑term results.

Further data to support the choice of trans‑
catheter method in elderly patients may be de‑
rived from the PARTNER 1 (Placement of Aortic 
Transcatheter Valves) trial. It was not designed 
solely to assess age impact on TAVI, but it enrolled 
patients with the mean age of 93 in the TAVI 
arm. In the group of transfemoral TAVI access, 
30‑day mortality was 4% and the 3‑year mortal‑
ity was 48%, in the group of transapical access, 
it was 12% and 54%, respectively and, consider‑
ing clinical characteristic of these patients, all of 
which were at high surgical risk, may be consid‑
ered a more than acceptable outcome.3

Results of the above‑mentioned trials strength‑
ened the position of TAVI as a reasonable treat‑
ment option for elderly patients with severe AS.

Another important study is the American regis‑
try of 24 025 patients published by Arsalan et al,9 
presenting TAVI outcomes at 30 days and 1 year 
of patients aged 90 years or older old versus those 
younger. As opposed to our results and the results 
of previously mentioned studies, short- and mid
‑term survival rates were significantly lower in 

The results of the univariable Cox regression 
are presented in Tables 3 and 4. No in‑hospital 
or 30‑day mortality increase was observed in 
group aged 85 or older. Age was not related 
to increased risk of in‑hospital, 30‑day, and 
1‑year mortality in the univariable Cox regres‑
sion modelling.

Within the entire cohort, the cumulative mor‑
tality rates were 4.1% before discharge, 4.7% at 30 
days, and 14.4% at 1 year. The Kaplan–Meier anal‑
ysis showed no significant differences in all‑cause 
in‑hospital mortality (3.8% vs 4.5%; P = 0.69), 
mortality at 30 days (4.3% vs 5.5%; P = 0.51) and 
within the first year (12.8% vs 17.9%; P = 0.06). 
Thirty‑day mortality related to cardiovascular 
causes (defined according to VARC‑2) was 4.3% 
(n = 18) in group 1 and 5% (n = 10) in group 2 
(P = 0.69). One‑year cardiovascular mortality was 
11.4% (n = 44) in group 1 and 13.2% (n = 25) in 
group 2 (P = 0.51) (Figures 1‑4). The 2‑year mortal‑
ity rate was 21.7% (n = 154) with no significant 
difference between the groups (19.8% vs 25.9%; 
P = 0.13). Cumulative mortality at 5 years did 
not differ between the groups either and equaled 
to 45.1% in younger patients versus 49.3% in 
the older group (P = 0.43).

Discussion  We present the largest Polish sin‑
gle center study comparing short and midterm 

TABLE 1  Baseline characteristics of the study patients

Variable Age <85 years 
(n = 417)

Age ≥85 years 
(n = 200)

P value

Age, y, mean (SD; range) 76.8 (7.9; 31–84) 87.4 (2.1; 85–93) –

BMI, kg/m2, median (IQR) 27.2 (24.3–31.1) 25.4 (23–28.3) <0.001

BSA, m2, median (IQR) 1.8 (1.7–1.9) 1.7 (1.7–1.9) <0.001

Male sex, n (%) 166 (39.7) 84 (42) 0.59

Diabetes mellitus, n (%) 167 (40.1) 64 (32) 0.053

COPD, n (%) 79 (18.9) 28 (14) 0.13

Previous cerebrovascular 
disease, n (%)

55 (13.2) 23 (11.5) 0.55

AF, n (%) 137 (32.9) 74 (37) 0.31

Previous valvular surgery, n (%) 26 (6.2) 6 (3) 0.09

Permanent pacemaker, n (%) 56 (13.4) 35 (17.5) 0.18

LVEF, %, median (IQR) 60 (50–65) 60 (50–65) 0.92

AVA, cm2, median (IQR) 0.7 (0.5–0.8) 0.6 (0.5–0.7) 0.028

Maximum AVG, mm Hg, 
median (IQR)

85 (71–102) 88 (69–106) 0.63

Mean AVG, mm Hg, median 
(IQR)

50 (40–61) 48 (39–65) 0.91

EuroSCORE II, %, median (IQR) 6.5 (3.5–17.3) 7.2 (3.4–18.1) 0.002

GFR, ml/min, median (IQR) 72 (55.5–90) 50.1 (38.5–60.9) <0.001

Hemoglobin, g/dl, median (IQR) 12.2 (11.2–14.1) 12 (10.9–13.1) 0.01

Platelet count, ×103/μl, median 
(IQR)

176.8 (142.8–220) 164.5 (130–213.3) 0.046

Abbreviations: AF, atrial fibrillation; AVA, aortic valve area; AVG, aortic valve gradient; 
BMI, body mass index; BSA, body surface area; COPD, chronic obstructive pulmonary 
disease; GFR, glomerular filtration rate; IQR, interquartile range; LVEF, left ventricular 
ejection fraction
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the group of older patients with 30‑day mortali‑
ty of 5.9% as compared with 8.8% (P <0.001) and 
1‑year mortality of 22% as compared with 24.8% 
(P <0.001). However, there were no significant dif‑
ferences between the groups in terms of rates of 
stroke, aortic valve reintervention, or myocardi‑
al infarction at 30 days or 1 year.

The largest analysis to date is the report of out‑
comes of TAVI in 71 095 patients aged 90 years or 
older published by Deharo et al10 which, similar‑
ly to the American registry, showed significantly 
higher all‑cause and cardiovascular mortality in 
nonagenarians as compared with patients young‑
er than 90, with a higher rate of rehospitalization 

TABLE 2  Procedural characteristics and outcome of the study patients

Variable Age <85 years 
(n = 417)

Age ≥85 years 
(n = 200)

P value

General anesthesia 238 (57.1) 103 (51.5) 0.19

Transfemoral TAVI 332 (79.6) 161 (80.5) 0.79

Predilatation 226 (54) 117 (58.5) 0.46

Contrast volume, ml 200 (150–200) 180 (130–200) 0.21

Radiation dose, mGY 1080.5 (611.8–1769.5) 930 (549.3–1638.5) 0.1

LVEF prior to discharge, % 60 (50–65) 60 (50–65) 0.98

Maximum AVG, mm Hg 17 (12–24) 16.3 (12–22) 0.63

Mean AVG, mm Hg 7 (0–11) 7 (3.6–12) 0.89

Minimum GFR, ml/min 90 (50.8–90) 65.5 (47.5–90) <0.001

Minimum hemoglobin, g/dl 10 (8–11.3) 10 (9.2–10.9) 0.051

Minimum platelet count, ×103/μl 107.4 (81–137.3) 97 (73.2–132.5) 0.09

Need for RBC transfusion 111 (26.6) 61 (30.5) 0.31

Total units of RBC transfused, n 0 (0–1) 0 (0–1) 0.35

Length of hospitalization, d 10 (7–15) 11 (7–15) 0.89

Coronary artery occlusion 3 (0.7) 2 (1) 0.72

Annulus rupture 4 (0.9) 0 0.17

Need for pacemaker implantation 65 (15.6) 27 (13.5) 0.49

VARC‑2 endpoints Minor vascular complications 40 (9.6) 20 (10) 0.87

Major vascular complications 13 (3.1) 17 (8.5) 0.004

Minor bleeding 63 (15.1) 26 (13) 0.48

Major bleeding 45 (10.8) 37 (18.5) 0.008

Life‑threatening bleeding 19 (4.6) 8 (4) 0.75

Periprocedural myocardial 
infarction

3 (0.7) 2 (1) 0.71

Periprocedural stroke 5 (1.2) 6 (3) 0.11

Composite endpointa 181 (43.4) 87 (43.5) 0.98

All-cause 
mortality

In‑hospital 16 (3.8) 9 (4.5) 0.69

30‑day 18 (4.3) 11 (5.5) 0.51

1‑year (n = 596) 52 (12.8) 34 (17.9) 0.06

2‑year (n = 488) 66 (19.8) 40 (25.9) 0.13

5‑year (n = 255) 82 (45.1) 36 (49.3) 0.42

Cardiovascular 
mortality

30‑day 18 (4.3) 10 (5) 0.69

1‑year (n = 596) 46 (11.4) 25 (13.2) 0.51

Data are presented as number (percentage) of patients or median (interquartile range).

a  Composite endpoint: composite of VARC‑2 defined life‑threatening or major bleeding, periprocedural myocardial 
infarction, periprocedural stroke, new pacemaker prior to discharge or / and in‑hospital death

Abbreviations: RBC, red blood cells; TAVI, transcatheter aortic valve replacement; VARC-2, Valve Academic Research 
Consortium‑2, others, see Table 1

TABLE 3  Univariable Cox regression analysis for the association between cumulative 
in‑hospital mortality and age

Variable Hazard ratio 95% CI P value

Age, y 0.943 0.863–1.031 0.20

Aged ≥85 years 0.512 0.080–3.284 0.48

TABLE 4  Univariable Cox regression analysis for the association between cumulative 
1‑year mortality and age

Variable Hazard ratio 95% CI P value

Age 1.017 0.968–1.069 0.50

Aged ≥85 years 0.768 0.377–1.568 0.47
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of the FRANCE‑2 registry and, probably, also in 
relevance to our study, the lack of statistical sig‑
nificance of 1‑year mortality rates could possibly 
result from a limited number of older patients in‑
cluded in the analyses.8

According to surgical risk calculators and data 
from randomized trials, age itself increases the sur‑
gical risk and the risk of periprocedural complica‑
tions.11,12 As highlighted in the early experiences 
with TAVI and confirmed in the randomized con‑
trol trials, vascular complications and access‑site 
bleeding are the most common procedural compli‑
cations which impact procedure outcomes. Their 
rate increases with the age of patients.13,14 Our 
study, in accordance with most reports, showed 
significant difference between the groups in terms 
of the rate of major vascular complications (3.1% 

due to heart failure (HF) and higher incidence of 
combined endpoint of stroke, rehospitalization 
for HF, and cardiovascular death. As this study 
also compared outcomes of nonagenarians treat‑
ed with TAVI and those receiving medical treat‑
ment only, showing lower incidence of rehospi‑
talization and cardiovascular death, the authors 
concluded that age alone should not be a discrim‑
inatory factor for valve replacement procedure.

Our findings are in line with the 1‑year sur‑
vival reported in the FRANCE‑2 registry, which 
showed no difference in age‑stratified groups. We 
observed a relatively low 30‑day (18 [4.3%] vs 9 
[4.6%]; P = 0.83) and 1‑year (52 [12.7%] vs 32 
[16.7%]; P = 0.19) all‑cause mortality rate which 
might reflect careful selection of TAVI candidates 
at our institution. As mentioned in the discussion 

Figure 1�  Kaplan– 
–Meier survival curve 
showing time‑to‑event 
outcomes for 30-day 
cumulative survival
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analysis support this and provide additional data 
strengthening the position that with proper as‑
sessment, TAVI is a safe and effective procedure 
regardless of advanced age.

Taking into consideration the limited life ex‑
pectancy, TAVI in advanced-age patients may still 
remain arguable, nevertheless in view of the avail‑
able data and our results, the concern that older 
patients may have worse procedural and peripro‑
cedural outcomes seems unjustified.

Study limitations  Our analysis, similarly, to most 
existing reports, is limited to single‑center expe‑
rience with relatively small cohorts of patients 
and, therefore, provides limited decision‑making 
information. It would benefit the analysis if ad‑
ditional data regarding rehospitalizations and 
frailty were obtained, and if we prospectively 

vs 8.5%; P = 0.04) and major bleeding complica‑
tions (10.8% vs 18.5%, P = 0.008). Major vascu‑
lar complications were identified as an indepen‑
dent risk factor for death at 1 month (P <0.001) 
and at 1 year (P = 0.001) for the entire cohort and 
may be considered an important factor worsening 
prognosis for the procedure outcome.

Since the time TAVI became a treatment of 
choice for high‑risk patients with AS,15 a number 
of studies have been conducted to assess the effi‑
cacy and safety of this procedure in the subpop‑
ulation of elderly patients.5-9 Randomized con‑
trolled trials confirmed the noninferiority and, 
subsequently, superiority of the transcatheter 
procedure over SAVR in high, intermediate and, 
recently, low‑risk patients with AS.3,4,16 Elder‑
ly patients may particularly benefit from lower 
invasiveness of this method. The results of our 

Figure 3�  Kaplan– 
–Meier survival curve 
showing time‑to‑event 
outcomes for 30-day 
cumulative survival to 
cardiovascular death
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collected information on the quality of life to as‑
sess the subjective impact of the procedure.

Supplementary material

Supplementary material is available at www.mp.pl/paim.
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