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Impact of age on transcatheter aortic valve implantation outcomes:
a comparison of patients aged < 80 years versus patients > 80 years
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Abstract

Objective To investigate the procedural outcomes and the long-term survival of patients undergoing transcatheter aortic valve implantation
(TAVI) and compare study results of patients < 80 years and patients > 80 years old. Methods A total of 240 patients treated with TAVI were
divided into two groups according to age < 80 years (n = 105; 43.8%) and > 80 years (n = 135; 56.2%). The baseline characteristics and the pro-
cedural outcomes were compared between these two groups of patients. Results With the exception of peripheral artery disease and hypercho-
lesterolemia, which were more frequently observed in the older age group, baseline characteristics were comparable between groups. Complica-
tion rates did not differ significantly between patients < 80 years and patients > 80 years. There were no differences in 30-day mortality rates be-
tween patients aged < 80 years and patients > 80 years old (9.5% vs. 7.4%, respectively; P = 0.557). After a median follow-up of 28 months (in-
terquartile range: 1642 months), 50 (47.6%) patients aged < 80 years died compared to 57 (42%) deaths in the group of patients > 80 years old (P

=0.404). Conclusion The results of the present single center study showed that age did not significantly impact the outcomes of TAVIL.
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1 Introduction

Current evidence shows that transcatheter aortic valve
implantation (TAVI) is a safe and feasible alternative treat-
ment modality for patients with severe aortic stenosis and
contraindications or at high risk for surgical intervention.!' !
However, selection of patients is pivotal to ensure a high
procedural success rate, minimize the risk of complications
and improve the long-term survival of the patients. As the
population becomes older, the prevalence of patients with
severe aortic stenosis increases significantly.” There re-
mains however concerns whether TAVI in very old patients
is associated with increased procedural risks and if this
treatment conveys any significant improvement in survival
compared with “younger” patients. With regard to inoper-
able patients, TAVI has been demonstrated more cost-effec-
tive therapy compared to medical treatment, and in high-risk
patients the cost-effectiveness of TAVI is less favorable

Correspondence to: Victoria Delgado, MD, PhD, Heart Lung Centre, Leiden
University Medical Centre, Albinusdreef 2, 2300 RC Leiden, the Netherlands.
E-mail: V.Delgado@lumc.nl
Telephone: +31-71-5262020
Received: July 24,2015
Accepted: November 2, 2015

Fax: +31-71-5266809
Revised: October 14,2015
Published online: December 31, 2015

compared to surgical aortic valve replacement.”! Age is one
of the variables included in currently used risk stratification
engines. However, the evidence showing that TAVI is
beneficial in terms of long-term survival across the several
age subgroups is scarce.*” Therefore, we evaluated the
procedural outcomes and the long-term survival of patients
undergoing TAVI and compared the results of patients < 80
years and patients > 80 years old.

2  Methods

A total of 240 patients who underwent TAVI between
November 2007 and March 2013, at the Leiden University
Medical Centre (the Netherlands) were included in the pre-
sent evaluation. All patients were diagnosed with sympto-
matic severe aortic valve stenosis and had high surgical risk
or contraindications for surgery. A logistic European Sys-
tem for Cardiac Operative Risk Evaluation I (EuroSCORE I)
> 20% defined high operative risk."'"” Patients who under-
went valve-in-valve procedure were excluded.

Patients were clinically evaluated in a multidisciplinary
team of clinical, imaging and interventional cardiologists,
cardiothoracic surgeons and anesthesiologists, to assess
operative risk, comorbidities,"'"! frailty and procedural fea-
sibility. In addition, transthoracic echocardiography, inva-
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sive coronary angiography, and multi-detector row com-
puted tomography (unless contraindicated) were performed
to assess aortic stenosis severity, left ventricular (LV) func-
tion, associated valvular heart disease, coronary artery dis-
ease and anatomy, dimensions of the aortic annulus and
peripheral arteries. After TAVI, patients underwent clinical
and echocardiographic evaluation at 1, 3, 6 and 12 months
follow-up. Clinical and imaging data were prospectively
collected in an electronic clinical patient file (EPD Vision
version 11.3, Leiden, the Netherlands) and retrospectively
analyzed. The institutional review board approved this ret-
rospective analysis and waived the need of written patient
informed consent.

TAVI was performed at the catheterization laboratory or
a hybrid operating room under general anesthesia. A balloon
expandable system [Edwards Sapien or Sapien XT valve
(Edwards Lifesciences, Irvine, CA, USA)] or the self-ex-
pandable CoreValve System (Medtronic, Minneapolis, MN,
USA) were the transcatheter valves implanted. Trans-
femoral access was the preferred approach in all patients.
Transapical access was performed in patients with inappro-
priate peripheral artery anatomy. Both accesses were per-
formed by surgical cut-down. Procedures were assisted by
transesophageal echocardiography (iE33, Philips Medical
Systems, Andover, MA, USA) and the hemodynamics of
the transcatheter valve and the presence and grade of (para-)
valvular aortic regurgitation were assessed immediately
after implantation of the valve. Procedural success and
complications were evaluated according to the Valve Aca-
demic Research Consortium (VARC) criteria;!'* mortality,
myocardial infarction, stroke, bleeding, acute kidney injury,
vascular complications, and prosthetic valve performance
were recorded.

A commercially available ultrasound system (Vivid 7,
E9, General Electric Horten, Norway) was used for pre- and
post-TAVI transthoracic echocardiography (TTE). The
pre-procedural evaluation included the assessment of the
valve morphology at the parasternal short-axis view, and the
left ventricular outflow tract diameter was measured at the
parasternal long-axis view.!"” The peak and mean transaor-
tic pressure gradients were assessed in the apical long-axis
or 5-chamber views and the aortic valve area was calculated
with the continuity equation.'"*! Aortic stenosis was consid-
ered severe if the aortic valve area was < 1.0 cm” and/or the
transaortic mean gradient was > 40 mmHg or peak jet ve-
locity > 4 m/s." LV end-diastolic and end-systolic volumes
were calculated by the method of Simpson and the LV ejec-
tion fraction was derived."”! After TAVI, the presence of
para-valvular aortic regurgitation was evaluated with color

Doppler echocardiography as previously described, and
graded according to the VARC-2 criteria.l'”

Follow-up was performed in our institution (Leiden
University Medical Centre, the Netherlands) during the first
year according to the clinical care track. After this period,
patients were controlled on a yearly basis in our institution
or at the referral hospital. The primary endpoint was
all-cause mortality. Survival follow-up data were retrieved
from municipality registries. Secondary endpoints included
procedure related complications, defined as procedural
mortality, stroke, vascular injury, major bleeding, renal fail-
ure, a repeat procedure, atrio-ventricular block and pace-
maker implantation.!®

A package of SPSS software version 20 (IBM Corp,
Armonk, NY, USA) was used for statistical analyses. Ac-
cording to the Kolmogorov-Smirnov test and visual inspec-
tion of the histograms, continuous variables were catego-
rized as normally distributed and were presented as mean =+
SD or as non-normally distributed and were presented as
median and inter-quartile range. The categorical variables
were presented as number and frequency. Continuous vari-
ables were compared with the unpaired Student’s t-test if
they were normally distributed, or otherwise, the Mann-
Whitney test. Categorical variables were compared with the
i test or Fisher’s exact test, as indicated. The Kaplan Meier
method was used to estimate the cumulative mortality. The
Log-rank test was used to compare the two age groups. A
two-sided P < 0.05 was considered statistically significant.

3 Results

Table 1 summarizes the clinical and echocardiographic
characteristics of the overall population and two subgroups
according to age (< 80 years old versus > 80 years old). Of
the 240 patients, 105 (43.8%) were included in the age
group of < 80 years and the remaining 135 were older than
80 years. Mean age was 81 + 7 years. Age distribution is
shown in Figure 1. Patients aged > 80 years were more fre-
quently women and had significantly less frequent hyper-
cholesterolemia and peripheral vascular disease than their
younger counterparts. The remaining clinical characteristics
were not significantly different between the groups. Logistic
EuroSCORE 1 trended higher in the group of patients aged
> 80 years (24.6% vs. 21.2%, P=0.072).

The transfemoral access was used in 99 (41.3%) patients
whereas the remaining patients underwent TAVI through a
transapical access. The Edwards Sapien or Sapien XT was
implanted in 222 patients. Eighteen patients received a
CoreValve bioprosthesis. TAVI was successfully performed
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Table 1. Baseline characteristics.

All patients (n = 240) <80 years (n =105) > 80 years (n = 135) P-value

Age, yrs 81+£6.9 74.8+5.5 85.8+3.1 -
Female 119 (49.6%) 39 (37.1%) 80 (59.3%) 0.001
Hypertension 180 (75%) 79 (75.2%) 101 (74.8%) 0.940
Smoking 105 (43.8%) 53 (50.5%) 52 (38.5%) 0.064
Diabetes 70 (29.2%) 30 (28.6%) 40 (29.6%) 0.858
Hypercholesterolemia 148 (61.7%) 78 (74.3%) 70 (51.9%) <0.001
Ischemic heart disease 152 (63.3%) 70 (66.7%) 82 (60.7%) 0.345
Peripheral artery disease 119 (49.6%) 60 (57.1%) 59 (43.7%) 0.039
Chronic obstructive pulmonary disease 74 (30.8%) 36 (34.3%) 38 (25.9%) 0.307
Creatinine clearance, mL/min per 1.73 m? 53+219 54+27.6 52.0+14.5 0,494
(median: percentiles 25-7 5) (43-67.7) (43-82.5) 43-59)

Logistic EuroSCORE 1 23.2% + 14.6% 21.2% + 14.8% 24.6% + 14.1% 0.072
NYHA Class 1-2 96 (40%) 44 (41.9%) 52 (38.5%) 0.595
NYHA Class 34 144 (60%) 61 (58.1%) 83 (61.5%) 0.595
Angina 88 (36.7%) 40 (38.1%) 48 (35.6%) 0.685
Syncope 40 (16.7%) 14 (13.3%) 26 (19.3%) 0.222
Sinus rhythm 171 (71.3%) 79 (75.2%) 92 (68.1%) 0.229
Atrial fibrillation 44 (18.3%) 15 (14.3%) 29 (21.5%) 0.153
Pacemaker 25 (10.4%) 11 (10.5%) 14 (10.4%) 0.979
LV ejection fraction 52.1% £ 14.5% 50.1% =+ 14.6% 53.6% £ 14.3% 0.064
Mean transaortic pressure gradient, mmHg 443+193 41.7+£193 46.4+19.1 0.062
AVA, cm’ 0.78 0.8 0.76 +0.2 0.80+ 1.0 0.673
Pulmonary artery pressure, mmHg 36.3+11.5 36.2+11.6 363+11.4 0.912
Mitral regurgitation (moderate-severe) 72 (30%) 27 (25.7%) 45 (33.3%) 0.201

Data are presented as mean + SD or #n (%). Hypertension: history of high blood pressure and/or on antihypertensive treatment; hypercholesterolaemia: history

of hypercholesterolemia and/or on statin therapy; diabetes (type 1 and 2) was defined as a fasting plasma glucose level C126 mg/dL, use of oral glucose lower-

ing medication or insulin. AVA: aortic valve area; EuroSCORE I: logistic European System for Cardiac Operative Risk Evaluation I; LV: left ventricle; NYHA:

New York Heart Association.
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Figure 1. Age distribution.
in all patients. Peri-procedural complications according to
the VARC-2 criteria are described in Table 2. The incidence

of periprocedural complications between the two age groups
was not significantly different.

Moderate to severe aortic valve regurgitation (valvular
or paravalvular) was observed in 5% of the total popula-
tion and an emergency valve-in-valve implantation was
performed in four (1.7%) patients to reduce the grade of
aortic regurgitation. Subsequently, valve-in-valve implan-
tation procedures were performed in four (1.7%) addi-
tional patients: two patients presented with recurrent,
symptomatic, moderate, paravalvular regurgitation within
one week, and one patient at three months follow-up after
the initial TAVI, and one patient presented with sympto-
matic aortic stenosis due to degenerative trans-catheter
valve prosthesis four years after the initial procedure. The
non-cardiac complications were mainly infectious disor-
ders such as pneumonia and post-procedural fever without
positive cultures.

There were no differences in the 30-day all-cause mortal-
ity rates between patients aged < 80 years and patients > 80
years old (9.5% vs. 7.4%, respectively; P =0.557) (Table 3).
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Table 2. Procedural characteristics and periprocedural complications.

All patients (n = 240) <80 years (n = 105) > 80 years (n = 135) P-value
Access
Transfemoral 99 (41.3%) 39 (37.1%) 60 (44.4%) 0.254
Transapical 141 (58.8%) 66 (62.9%) 75 (55.6%) 0.254
Edwards sapien (XT) 222 (92.5%) 99 (94.3%) 123 (91.1%) 0.354
CoreValve 18 (7.5%) 6(5.7%) 12 (8.9%) 0.354
Vascular injury 23 (9.6%) 10 (9.5%) 13 (9.6%) 0.978
Major 13 (5.4%) 7 (6.7%) 6 (4.4%) 0.451
Minor 12 (5.0%) 4(3.8%) 8 (5.9%) 0.455
Bleeding 19 (7.9%) 8 (7.6%) 11 (8.1%) 0.880
Major 4 (1.7%) 2(1.9%) 2 (1.5%) 0.799
Minor 15 (6.3%) 6 (5.7%) 9 (6.7%) 0.762
Stroke 8 (3.3%) 1 (1%) 7 (5.2%) 0.070
Major 5(2.1%) 1 (1%) 4 (3%) 0.279
Minor 3 (1.3%) 0 3(22%) 0.124
All-cause death (in hospital) 16 (6.7%) 9 (8.6%) 7 (5.2%) 0.297
Non cardiac complications 30 (12.5%) 17 (16.2%) 13 (9.6%) 0.127
Valve migration 1(0.4%) 0 (0%) 1 (0.7%) 0.377
Acute kidney injury 11 (4.6%) 5(4.8%) 6 (4.4%) 0.907
AR >3 12 (5%) 5 (4.8%) 7(52%) 0.881
AV block 13 (5.4%) 6(5.7%) 7 (5.2%) 0.857
Cardiac tamponade 8(3.3%) 2 (1.9%) 6 (4.4%) 0.277
Myocardial infarction 0 0 0
Data are presented as 1 (%). AR: aortic regurgitation; AV: atrial-ventricular.
Table 3. Cumulative all-cause mortality according to transcatheter aortic valve implantation access.
30 days 1-yr 2-yrs Total follow up
<80 yrs >80yrs P-value <80yrs >80yrs P-value <80yrs >80yrs P-value <80yrs >80yrs P-value
Transfemoral 4 (10.3%) 5 (8.3%) 0.746 7(17.9%) 9 (15%) 0.704 31(20.5%) 46(23.3%) 0.840 16(41%) 23(38.3%) 0.591
Transapical 6 (9.1%)  5(6.7%) 0.594  15(22.7%) 12 (16%) 0.309 46 (30.3%) 56(25.3%) 0.467 34(51.5%) 34(45.3%) 0.452
Total 10 (9.5%) 10 (7.4%) 0.557  22(20.9%) 21(15.6%) 0.276 77(26.7%) 102 (24.4%) 0.592 50 (47.6%) 57 (42.2%) 0.283

Data are presented as 7 (%).

During a median follow-up of 28 months (interquartile
range: 1642 months), 50 (47.6%) patients aged < 80 years
died compared with 57 (42%) deaths in the group of pa-
tients > 80 years old (P = 0.404) (Figure 2). The cumulative
1- and 2-year all-cause mortality rates among patients aged
< 80 years were 20.9% and 26.7% respectively compared
with 15.6% and 24.4% in patients > 80 years old.

4 Discussion

The present evaluation showed that TAVI is associated
with comparable short- and mid-term outcomes in patients
aged < 80 years and patients older than 80 years.

Data from randomized controlled trials comparing TAVI
versus surgical aortic valve replacement or medical treat-
ment demonstrated that age was not an independent deter-
minant of 1-year all-cause mortality.!"'”"* In the Placement
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Figure 2. Kaplan Meier survival curve.
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of Aortic Transcatheter Valves (PARTNER) trial cohort B,
which showed that TAVI presented better outcomes than
medical treatment in patients with severe aortic stenosis and
contraindications for surgical replacement, in which 46% of
included patients were aged > 85 years and showed similar
benefits from TAVI than patients < 85 years old.!'” Simi-
larly, the trials that have compared TAVI versus surgical
aortic valve replacement in patients with high operative risk
included 47% of patients aged > 85 years and showed that
both therapeutic arms provided similar outcomes.!"'¥ In
addition, data from single- or multi-center registries have
also shown that age does not significantly impact on the
mid- and long-term outcomes of patients undergoing
TAVL"? For example, in the Society of Thoracic Sur-
geons/American College of Cardiology Transcatheter Valve
Therapy Registry including 7,710 patients undergoing
TAVI (80% high-risk patients, 20% inoperable patients), the
median age was 84 (interquartile range 78—88 years) and the
reported 30-day mortality was 7.6%.°" Similarly, the
FRANCE-2 registry including 3,195 patients treated by
TAVI (mean age 82.7 + 7.2 years) showed a 30-day mortal-
ity rate of 9.7%,*” while in the Sentinel Registry, including
4,571 patients (mean age 81.4 £ 7.1 years), the in-hospital
mortality rate was 7.4%.!"" However, in the Sentinel registry,
each 8-year increase in age was significantly associated with
in-hospital mortality (OR: 1.18; 95% CI: 1.01-1.37, P =
0.04)." Notably, the percentage of patients aged > 80 years
was 62.4%. These data are comparable to the data provided
by the present study where 57% of patients were > 80 years
old. The lack of significant differences in logistic Euro-
SCORE indicates that the younger group of patients had
significantly more comorbidities to justify the high op-
erative risk. These may have influenced the short- and
long-term outcomes of these patients leading to similar sur-
vival rates between the groups. Pilgrim, et al™ recently
showed that in high-risk patients the independent determi-
nants of 5-year mortality were body mass index < 20 kg/m’,
diabetes, peripheral artery disease, atrial fibrillation and
pulmonary hypertension, whereas age was not associated.
Therefore, these data suggest that the associated co-mor-
bidities may have a larger impact on outcomes by TAVI
than age.

A sub-study of the FRANCE-2 registry including 2,254
patients aged > 80 years showed in patients within the age
group between 80-84 years old, that the prevalence of dia-
betes, prior myocardial infarction, prior cardiac surgery,
chronic obstructive pulmonary disease and reduced LVEF
was significantly higher than in the groups of patients aged
85-89 years and > 90 years.”) In addition, the transapical
access, frequently used in patients with increased morbidity

and mortality risks, was more frequently used in younger
patients (80-84 years old) than in the other two groups
(85-89 years and > 90 years) (20.5% vs. 14.7 % and 11.6%,
respectively; P < 0.001).”” Upon multivariate analysis, fe-
male sex, higher logistic EuroSCORE, New York Heart
Association functional class III-IV, renal failure and trans-
apical access were independently associated with one-year
mortality. However, age was not associated with outcome.

The present study has additional value by showing simi-
lar short- and mid-term outcomes of patients treated by
TAVI independent of age. Along with previous studies, the
present study reinforces the concept of age as no longer a
valid parameter to select patients for TAVI. Age is one of
the variables included in currently used risk scores (Logistic
EuroSCORE I and II and the STS-PROM score).!'**
However, several studies have demonstrated the modest
discrimination and calibration properties of current risk
scores,***! and several engines have been proposed to bet-
ter identify the patients who will benefit from TAVI.1***
While the engine derived from the FRANCE-2 registry in-
cluded the parameter age > 90 years, > the TAVI2-SCORe
included a cut-off value of > 85 years.”” The Harrel’s
C-statistic (measure of discrimination property) for
the FRANCE-2 derived score was 0.59,%%1 while the
TAVI2-SCORe had a C-statistic of 0.71.”* The number of
patients aged > 85 years in the present study was 27.9%.

In conclusion, the results of the present single center
study showed that age is not associated with outcomes after
TAVI. The impact of developments in valvular technology
and long term experience based on procedural outcomes has
not been considered.
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