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Impact of age on long term survival following transcatheter aortic valve
implantation

Nuray Kahraman Ay

Department of Cardiology, Bezmialem Vakif University, Fatih, Istanbul, Turkey

Abstract

Objective To compare the long-term survival following transcatheter aortic valve implantation (TAVI) in an octogenarian population
with that in a younger population. Methods This retrospective study included 274 patients that underwent TAVI for severe symptomatic
aortic stenosis. The study group was divided into two age groups, as those with an age > 80 years (octogenarians, n = 132), and age < 80
(younger patients, N = 142). The two groups were compared in terms of clinical outcomes and survival. In addition, significant predictors of
survival were estimated. Results Non-cardiac mortality (during follow-up) (21.9% vs. 10.5%, P = 0.01) and in-hospital stroke (8.3% Vvs.
2.8%, P =0.01) were more common among octogenarians. The two groups did not differ in terms of mean survival (41.0 +2.1vs. 382 +2.2
months, respectively, P =0.18). Multivariate analysis identified left ventricular ejection fraction < 35% (OR: 2.17, 95% CI: 1.17-4.03; P =
0.01), preoperative of moderate to severe mitral insufficiency (OR: 1.88, 95% CI: 1.15-3.06; P = 0.01), postoperative major and
life-threating bleeding (OR: 2.49, 95% CI: 1.05-5.89; P =0.03), and in-hospital stroke (OR: 2.29, 95% CI: 1.04-5.04; P = 0.03) as potential
predictors of poor survival. Conclusions In this study, similarly favorable survival outcomes were achieved in the elderly population as in
younger patients, despite the presence of comorbid conditions. A consideration should be given to non-surgical management of severe aortic

stenosis with the TAVI procedure in elderly patients, in the absence of co-existent conditions associated with shortened life expectancy.
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1 Introduction

The prevalence of aortic stenosis (AS) increases with
age.l"! Of all cases with severe symptomatic aortic stenosis,
approximately one third cannot be referred to surgical mana-
gement due to advanced age and comorbid conditions.””! In
such patients, transcatheter aortic valve implantation (TAVI)
can be undertaken with lower procedure-related risks.

TAVI is known to be superior to medical treatment in
patients with high-risk for surgical replacement.”! Currently,
TAVI is also used in patients with low-risk for surgery. In
patients with intermediate surgical risk, similar clinical out-
comes with surgery can be obtained with TAVI procedure;
and in low-risk groups better outcomes are attained with
TAVL*

As suggested by previous studies, the mean age of pa-
tients undergoing a TAVI procedure is approximately 80
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years, regardless of the risk status for surgery.!’ This elderly
population is likely to have many comorbid conditions,
which may increase the morbidity and mortality in the long-
term. A number of factors may increase the mortality in this
elderly population including frailty (a condition defined on
the basis of the presence of symptoms such as fatigue, un-
explained weight loss, frequent infections, falls, and delir-
um), increased risk of experiencing spontaneous cerebro-
vascular events, or malignancy.””’ In patients undergoing
TAVI, not only the procedural success rates, but also the
long-term survival rates should be taken into consideration.
In this regard, there is a scarcity of data on the long-term
survival following TAVTI in different age groups.

This study aimed to compare the long-term survival fol-
lowing TAVI in an octogenarian population, who tradition-
ally represents a high-risk group for cardiovascular proce-
dures, with that in a younger population.

2 Methods

A total of 274 patients that underwent TAVI at the Car-
diology Unit, Bezmialem Foundation University for aortic
stenosis between 2012 and 2017 were retrospectively evalu-
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ated. For the purpose of analyses, the study group was di-
vided into two age groups, as those with an age > 80 years
(octogenarians, n = 132), and age < 80 years (younger pa-
tients, N = 142).

In each patient, medical history was obtained and physi-
cal examination was performed. This was followed by trans-
thoracic and trans-esophageal echocardiography, carotid ul-
trasound, coronary angiography, aortography, ilio-femoral
arteriography, and computed tomography angiography ex-
aminations.

All patients had been diagnosed with severe symptomatic
native aortic valve stenosis, and all represented high-risk
patients. Indications for a TAVI procedure included the
following: an aortic annulus diameter of 20—27 mm; an as-
cending aortic diameter < 45 mm; age > 75 years with a lo-
gistic EuroSCORE > 15% or age > 60 years and presence of
an additional risk factor including cirrhosis, respiratory fail-
ure, pulmonary hypertension, previous cardiac surgery, right
ventricular dysfunction, hostile thorax (radiotherapy, burns,
previous thoracic pleurodesis or multiple thoracotomy),
severe connective tissue disease, cachexia, or porcelain aorta.
Patients with a life expectancy < 1 year were excluded.

Pre-operative demographic data was assessed using the
European System for Cardiac Operative Risk Evaluation
(EuroSCORE) definitions,™ while post-operative outcomes
and clinical end-points were reported in accordance with the
recommendations of the updated Valve Academic Research
Consortium (VARC)-2.”! Thus, vascular complications were
classified in two categories (minor or major), bleeding in
three categories (minor, major, and life-threatening), and
acute kidney injury in 3 stages."”!

Furthermore, composite end-points defined in VARC-2
such as the device success, early safety (at 30 days), and
1-year clinical efficacy were also evaluated.””’ Device suc-
cess was defined as the absence of procedural mortality in
addition to correct positioning and achievement of intended
performance. Early safety (at 30 days) was defined as the
absence of all-cause mortality, stroke, life-threatening bleed-
ing, stage 2 or 3 acute kidney injury, coronary artery ob-
struction requiring intervention, major vascular complica-
tion and valve-related dysfunction requiring repeat proce-
dure (balloon aortic valvuloplasty, TAVI, or surgical aortic
valve replacement). Clinical efficacy at one year was de-
fined as the absence of the following: all-cause mortality,
stroke, hospitalizations for valve-related symptoms or
worsening congestive heart failure, New York Heart Asso-
ciation (NYHA) class III or IV, valve-related dysfunction.[9]

2.1 Procedure

All TAVI procedures were performed via the trans-fe-

moral route under general anesthesia. Prophylactic antibiot-
ics were administered 1 h before the procedure, and 100
IU/kg heparin was given during the procedure. A temporary
pacemaker lead was inserted into the right ventricle through
the femoral vein. An Amplatz Extra Stiff Guide-Wire was
advanced into the apex of the left ventricle by placing a
16-F sheath through the femoral artery. The aortic valve was
dilated once using a 20 x 40 mm valvuloplasty balloon,
with a pacemaker rate of less than 200/min. Simultaneously,
fluoroscopic balloon sizing measurements were performed
to determine the valve size. The valve system was advanced
to the aortic valve through the sheath. The prosthetic valve
was placed at the aortic annulus, and optimal opening was
achieved. An aortography was performed to check any sig-
nificant failure. All patients received dual antiplatelet che-
motherapy (100 mg of acetylsalicylic acid and 75 mg of
clopidogrel) for the first 6 months following surgery.

2.2 Statistical Analysis

Statistical Package for Social Sciences (SPSS) for Win-
dows (version 17.0) software (SPSS Inc., Chicago, IL, USA)
was used for the analysis of data. Intergroup comparisons of
continuous variables were done by Mann-Whitney U test
and chi-square test or Fisher’s exact test was used for the
comparisons of categorical variables. Long-term survival
analyses were done using Kaplan-Meier test. Univariate and
multivariate analyses of potential predictors for long-term
mortality were done using Log rank test and Cox regression
analysis, respectively. A P value < 0.05 was considered
indication of statistical significance.

3 Results

3.1 Baseline characteristics

Table 1 demonstrates baseline characteristics of the pa-
tients. Logistic EuroSCORE was higher (21.4% =+ 3.3% vs.
20.3% + 3.7%, P = 0.01) and aortic mean gradient was
lower (46.5 = 11 vs. 49.3 + 12 mmHg, P = 0.04) in the oc-
togenarian group when compared to younger patients. In
addition, preoperative critical condition was more common
among octogenarians (7.5% vs. 2.1%, P = 0.03). The two
groups did not differ with regard to other baseline charac-
teristics (P > 0.05 for all).

3.2 Procedural and postoperative outcomes

Table 2 shows the distribution of implanted prosthetic
valve types across groups. The two groups did not differ in
the distribution of valve types (P =0.38). Table 3 compares
the two groups in terms of clinical outcomes. The mean

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



Ay NK. Age and TAVI

267

Table 1. Baseline characteristics of the patients.

Octogenarians Younger patients

(=80 yrs) (<80 yrs) P

(n=132) (n=142)
Age, yrs 84.3+3.1 72.6+5.8 0.000
Female gender 81 (61.3%) 91 (64%) 0.64
Diabetes 34 (25.7%) 46 (32.3%) 0.22
Hypertension 82 (62.1%) 87 (61.2%) 0.88
Dyslipidemia 22 (16.6%) 25 (17.6%) 0.83
History of smoking 42 (31.8%) 45 (31.6%) 0.98
COPD 44 (33.3%) 48 (33.8%) 0.93

Peripheral vascular disease 28 (21.2%)
74 (56%)
9 (6.8%)

20 (15.1%)

49 (37.1%)

31(21.8%) 090
74(52.1%) 0.1
1309.1%) 047
19(133%)  0.67
38(26.7%)  0.06

Coronary artery disease
Cerebrovascular disease
Serum creatinine >1.5 mg/dL
Atrial fibrillation

Previous MI (< 90 days) 7(5.3%) 6 (4.2%) 0.67
Preoperative critical condition 10 (7.5%) 3(2.1%) 0.03
Prior CABG 12 (9%) 21 (14.7%) 0.14
Aortic mean gradient, mmHg, 465+ 11 493+12 0.04
Aortic valve area, cm’ 0.71 £0.1 0.69 £ 0.1 0.29
LVEF 50.6%+9.2%  48.7%=+11%  0.12
PAB > 40 mmHg 24 (18.1%) 29(204%)  0.63
Mitral regurgitation
Mild 14 (10.6%) 16 (11.2%) 0.70
Moderate 8 (6.0%) 12 (8.4%)
Severe 10 (7.5%) 9 (6.3%)
NYHA class
I-1I 26 (19.6%) 35 (24.6%) 0.19
I-Iv 106 (80.3%) 107 (75.3%)
Logistic EuroSCORE 214%+33%  20.3%+3.7%  0.01

Data are presented as mean + SD or n (%). CABG: coronary artery bypass
grafting; COPD: chronic obstructive pulmonary disease; LVEF: left ven-
tricular ejection fraction; MI: myocardial infarction; NYHA: New York

Heart Association; PAB: pulmonary arterial pressure.

Table 2. Distribution of implanted prosthetic valve types
across groups.

Octogenarians Younger patients

Type of prosthesis (=80 yrs) (<80 yrs)
(n=132) (n=142)
Edwards Sapien XT 59 (44.7%) 78 (54.9%)
CoreValve 46 (34.8%) 45 (31.7%)
Direct Flow Medical 13 (9.9%) 11 (7.8%)
Symetis Acurate valve 3(2.3%) 5(3.5%)
Lotus Valve System 7 (5.3%) 1(0.7%)
Portico Transcatheter Heart Valves 4 (3.0%) 2 (1.4%)

Data presented as n (%). Prosthesis names are trademarks of their respective
companies: Edwards Sapien XT, Edwards Lifesciences, Irvine, CA, USA;
CoreValve prosthesis, Medtronic, Minneapolis, MN, USA; Direct Flow
Medical, Direct Flow Medical Inc., Santa Rosa, CA, USA; Symetis Acurate,
Symetis Inc., Ecublens, Switzerland; Lotus Valve System, Boston Scientific,
Natick, Massachusetts; Portico Transcatheheter Heart Valves, St. Jude

Medical, Saint Paul, Minnesota.

duration of follow-up was 25.1 £ 19.1 vs. 27.1 £ 20.0
months for octogenarians and younger patients, respectively
(P > 0.05). Non-cardiac mortality (during follow-up) (21.9%
vs. 10.5%, P = 0.01) and in-hospital stroke (8.3% vs. 2.8%,
P = 0.01) were more common among octogenarians. On the
other hand, the two groups were similar in terms of all other
clinical outcomes (Table 3).

3.3 Survival

1-, 2-, 3-, 4-, and 5-year survival rates were 79%, 74%,
61%, 52%, and 50%, respectively, in the octogenarian group.
Corresponding figures for younger patients were 75%, 67%,
59%, 43%, and 40%, respectively. The two groups did not
differ in terms of mean survival (41.0 + 2.1 vs. 382 £ 2.2
months, respectively, P =0.18) (Figure 1). In univariate
analysis, among preoperative variables, presence of chronic

Table 3. Clinical outcomes.

Octogenarians Younger patients

(=80 yrs) (<80 yrs) P
(n=132) (n=142)
Device success (VARC-2) 128 (96.9%) 140 (98.5%) 0.35
Conversion to SAVR 2 (1.5%) 1 (0.7%) 0.61
Coronary obstruction 0 1 (0.7%) 1.0
Paravalvular leak

None 106 (80.3%) 119 (83.8%) 0.61

Mild 21 (15.9%) 16 (11.2%)

Moderate 3(2.2%) 4 (2.8%)

Severe 2 (1.5%) 3(2.1%)

Vascular complications

Major 4 (3%) 3(2.1%) 0.53

Minor 18 (13.6%) 14 (9.8%)
Bleeding

Minor 23 (17.4%) 22(154%)  0.68

Major 5(3.7%) 3(2.1%)

Life-threatening 3(2.2%) 2 (1.4%)

Acute kidney injury

Stage 1 10 (7.5%) 16 (11.2%)  0.75

Stage 2 6 (4.5%) 4(2.8%)

Stage 3 3(22%) 3(2.1%)
New-onset atrial fibrillation 8 (6%) 10 (7%) 0.74
Stroke 11 (8.3%) 4(2.8%) 0.04
Permanent pacemaker implantation 14 (10.6%) 11 (7.7%) 0.41
All-cause mortality (30 days) 12 (9%) 14 (9.8%) 0.82
Early safety (30 days) (VARC-2) 106 (80.3%) 117 (82.3%) 0.65
Clinical efficacy (1 year)

(VARC.2) 89 (67.4%) 100 (70.4%)  0.59
Cardiovascular mortality
30 (22.7%) 38(26.7%)  0.44

(follow-up)

Noncardiac mortality (follow-up) 29 (21.9%) 15(10.5%)  0.01

Data are presented as n (%). VARC: Valve Academic Research Consortium;

SAVR: surgical aortic valve replacement.
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Table 4. Univariate (log rank) and multivariate (cox regression) analysis of potential predictors for long-term mortality.

. Univariate Multivariate
Variables
Mean survival (months) P OR (95% CI) P
Age
<80 yrs 41.0+£2.1 017
>80 yrs 382+22 )
Gender
Male 404+24
0.77
Female 393+1.9
Diabetes mellitus
Absent 39.8+1.8
0.94
Present 393+2.7
COPD
Ab 41.8+1.
sent 8 8 0.04
Present 36.5+14
LVEF
>35% 40.8+1.5
0.004 2.17 (1.17-4.03) 0.01
<35% 24.8+5.6
PHT
Absent 409+1.6 0.05
Present 346+34 :
Coronary artery stenosis
Absent 41.1+2.1
0.19
Present 384+2.1
Moderate to severe mitral insufficiency
Absent 419+1.6
0.000 1.88 (1.15-3.06) 0.01
Present 26.2+3.8
Peripheral vascular disease
Ab 405+ 1.
sent 0.5 6 021
Present 353+3.5
Chronic renal insufficiency(preoperative)
Absent 409+1.6
Present 31.7+4.0
Pacemaker implantation
Absent 40.1+1.5 031
Present 29.6+4.3 ’
New-onset atrial fibrillation
Absent 40.1+1.5
0.29
Present 33.5+6.7
Vascular complication
Absent 402+1.5 0.004
Present 149+58 )
Major and life threating bleeding
Absent 40.5+1.5
set 0.001 2.49 (1.05-5.89) 0.03
Present 22.6+7.5
In-hospital stroke
Absent 403+1.5
0.04 2.29 (1.04-5.04) 0.03
Present 26.0+7.9
Moderate to severe PVL
Ab 402+1.
sent 0 5 0.05
Present 242+74
Acute kidney injury (postoperative)
Absent 40.5+1.5
0.01
Present 273+7.0

Data are presented as mean = SD unless other indicated. COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction; PHT: pulmo-
nary hypertension; PVL: paravalvular leakage.

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



Ay NK. Age and TAVI 269
1.0 4
0.8 4
= 0.6
2
E +
B 0.4+ >80 yrs
'
0.2 4
Logrank P=0.18
0~
T L] 1 L} 1 L}
Months 1 12 24 36 48 60
No. atrisk 142 94 73 51 29 16
<80yrs _ .
Survival, % 90 79 74 61 52 50
No. atrisk 132 90 58 40 23 11
>80 yrs .
Survival, % 91 75 67 59 43 40
Figure 1. Kaplan Meier survival curves for patients < 80 vs. > 80 years old.

obstructive pulmonary disease (COPD); pulmonary hy-
pertension, moderate to severe mitral insufficiency, preop-
erative chronic renal insufficiency, and an ejection fraction
< 35% were associated with poor survival outcome. Among
postoperative variables, major life-threatening bleeding, in-
hospital stroke, moderate to severe paravalvular leak and
acute kidney injury were associated with poor survival.
Multivariate analysis identified left ventricular ejection frac-
tion < 35% (OR: 2.17, 95% CI: 1.17-4.03, P = 0.01), pre-
operative of moderate to severe mitral insufficiency (OR:
1.88, 95% CI: 1.15-3.06, P = 0.01), postoperative major and
life-threating bleeding (OR: 2.49, 95% CI: 1.05-5.89, P =
0.03), and in-hospital stroke (OR: 2.29, 95% CI: 1.04-5.04,
P = 0.03) as potential predictors of poor survival (Table 4).

4 Discussion

In this study, we observed similar long-term survival
rates in octogenarian and younger patients after a TAVI
procedure. The potential predictors of poor long-term sur-
vival identified in our study were pre-operative left ven-
tricular ejection fraction below 35%, presence of moderate
to severe mitral insufficiency, major or life-threatening
postoperative bleeding, and in-hospital stroke. The 30-day
mortality was approximately 9% in both groups and the
5-year survival rates were 40% and 50% in octogenarians
and younger subjects, respectively.

Due to the advanced age of the patient population, life
expectancy and expected long-term survival after a TAVI
procedure are important considerations. Until now, most
comparisons involving the long-term survival rates gener-
ally utilized parameters such as the procedure-related factors

(trans-femoral versus trans-apical), gender, presence of
kidney failure, and ECG or echocardiography findings.!"**!
Again, studies examining the effect of age on survival rates
mainly involved within-group comparisons among patients
in their 80’s, or comparisons with those over 90 years of
age. However, comparison of survival between patients
with advanced age, i.e., over 80 years of age, with that in a
younger age group could provide more insights. In this re-
gard, we believe that our study may represent the first of its
kind.

Most studies of TAVI involved patients between 80 and
85 years of age.™"” In a review of 13,857 patients with a
mean age of 81.5 + 7.0 years, the long term survivals with
TAVI at 1, 2, 3, and 5 years were 83%, 75%, 65%, 48%,
respectively.® The corresponding figures in our study among
octogenarians (84.3 = 3.1 years) and younger patients (72.6
+ 5.8 years) were 79%, 74%, 61%, 50% vs. 75%, 67%, 59%,
40%, respectively, in line with the published data.

In one previous study involving 276 TAVI patients with
a mean age of 82 years, no significant differences were
found in terms of peri-procedural and in-hospital complica-
tion rates as well as long term survival rates when compared
with a group of patients > 87 years of age.l'” Again, in an-
other study, patients over 80 years of age were divided into
three groups as those between 80 and 85 years of age, 85
and 90 years of age, and > 90 years of age, and a lower
1-year mortality rate was observed in those between 80 and
85 years of age as compared to other two groups.!'”! In our
study, a Kaplan-Meier analysis failed to identify significant
long-term survival differences between patients > 80 or < 80
years of age (log-rank P = 0.18).

Previously, potential predictors of long-term mortality
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have been examined in large patient series. In one such re-
port by Zahn, et al'® with 1444 patients in the German
Transcatheter Aortic Valve Implantation Registry, the fol-
lowing predictors of 5-year mortality were identified: fe-
male gender, renal failure, prior mitral regurgitation > II°,
residual aortic regurgitation > II°, atrial fibrillation, low
gradient aortic stenosis, prior decompensation, frailty, sur-
gical TAVI, age, prior myocardial infarction, urgent TAVI,
and diabetes mellitus. In the UK Transcatheter Aortic Valve
Implantation Registry involving 870 patients, Duncan, et
al."™ found that renal dysfunction, atrial fibrillation, logistic
European System for Cardiac Operative Risk Evaluation
(EuroSCORE) > 18.5, respiratory dysfunction, ventricular
dysfunction (left ventricular ejection fraction < 30%), coro-
nary artery disease, and age as independent predictors of
mortality at 5 years. In the current study, while moderate to
severe mitral failure (OR: 1.88, 95% CI: 1.15-3.06, P =
0.01), left ventricular ejection fraction < 35% (OR: 2.17,

95% CI: 1.17-4.03, P = 0.01), and chronic renal failure (OR:

1.59, CI 0.95-2.66, P = 0.07) emerged as predictors of mor-
tality, age did not appear to play a role in this regard. In a
single center retrospective experience from Italy with 338
patients, D’Onofrio, et al.? identified para-valvular leak,
acute renal failure, and previous history of myocardial in-
farction as independent predictors of mortality. Again, long-
term predictors of mortality reported from a single center
study from the US by Escéarcega, et al.”"! included vascular
complications, more than mild aortic insufficiency, atrial
fibrillation and in-hospital stroke. In our study in-hospital
stroke (OR: 2.29, 95% CI: 1.04-5.04, P = 0.03), and major
and life-threatening bleeding (OR: 2.49, 95% CI: 1.05-5.89,
P = 0.03) were predictors of poor long term survival.

Our octogenarian patients had significantly increased
non-cardiac mortality than younger patients, which is an
unsurprising finding given the high incidence of comorbid
conditions in this elderly individuals. Despite similar pre-
operative echocardiographic and demographic characteris-
tics in the two study groups, cardiovascular problems repre-
sented main cause of death in younger patients of our study,
leading to similar outcomes in terms of survival when com-
pared with the octogenarians. As the life expectancy in this
younger patients is longer than that in octogenarians, it may
be prudent to take preventive operative measures and to pay
more attention to the treatments during the course of fol-
low-up in an effort to reduce cardiovascular mortality.

Our study was performed in a single high-volume center
with the inclusion of patients undergoing a TAVI procedure.
A larger patient series may be achieved via a national regis-
try study.

TAVI was found to positively affect the survival in the

elderly patients, in whom surgery had not been performed.’*

Based on our results, similarly good rates of survival were
achieved in this elderly population as in younger patients,
despite the presence of comorbid conditions that could
negatively impact the outcomes. A consideration should be
given to non-surgical management of severe aortic stenosis
with the TAVI procedure in elderly patients, in the absence
of co-existent conditions associated with shortened life ex-
pectancy such as advanced malignancy.
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