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ABSTRACT	� Background: Transcatheter aortic valve implantation (TAVI) 
has become the preferred therapeutic method for elderly 
patients presenting with severe symptomatic aortic steno-
sis (AS). Most TAVI procedures are performed in patients 
between 75–85 years of age. A few publications exist on 
TAVI in patients over 90 years, yet the outcome and compli-
cation rates are inconsistent. 

	� Objectives: To identify all patients with AS who underwent 
TAVI between 2019 and 2020, specifically those age > 90 
years at the time of the TAVI.

	� Methods: We reviewed the Maccabi Healthcare Services 
database for all severe/critical AS patients who underwent 
TAVI between 2019 and 2020, specifically those age > 90 
years at the time of TAVI. These patients were compared to 
all patients aged 80–89 years who underwent TAVI during 
the same time. Follow-up ended on 31 December 2022. We 
compared mortality and complications rates in nonagenar-
ians vs. those 80–89 years and evaluated the change in left 
ventricular ejection fraction before and after the procedure. 

	� Results: We identified 36 nonagenarians who underwent TAVI 
during the study period, mean age 92.3 years, male:female ra-
tio 15:21. During a mean follow-up period of 3 years, 44% of 
nonagenarians died, 26% of the control patients died (P < 0.01). 

	� Conclusions: TAVI in nonagenarians is feasible. Total mor-
tality during follow-up was significantly higher in nona-
genarians. Overall complication rates were also higher in 
nonagenarians, mostly due to vascular complications. Left 
ventricular dysfunction appeared to improve after TAVI, 
even in nonagenarians. 
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expanded to patients at lower age and risk groups, with 
mid- and long-term results at least equal, if not better than 
surgery [3-5]. Recently these favorable results have been 
extended over 10-year follow-up periods [6]. Parallel to 
these developments, significant improvement in tech-
nology and expertise have occurred, and TAVI has been 
performed on patients with more advanced age groups, 
including nonagenarians. Several previous publications 
have focused on the short- and mid-term results in this 
very old population; however, the outcomes of these 
studies have been inconsistent [7-11]. Maccabi Health-
care Services offers health insurance coverage for over 
2.7 million individuals. The digital medical database of 
Maccabi is considered to be highly accurate. We careful-
ly reviewed the medical records, including comprehen-
sive clinical and echocardiography results, of all patients 
with severe aortic stenosis, age ≥ 90 years who under-
went TAVI during the 2-year study period. We compared 
these results to those of patients 80–89 years old who un-
derwent TAVI during the same time period. 

PATIENTS AND METHODS

We carefully screened our digital database to identify 
all patients who had undergone TAVI for severe/critical 
aortic stenosis (AS) during 2019–2020. TAVI was per-
formed at all public hospitals and one private hospital. 
All of the hospitals were licensed to perform TAVI and 
had been performing the procedure routinely. 

All licensed hospitals have an active cardiovascular 
surgical department to back these procedures. Patients had 
been selected based on good physical, mental, and emo-
tional status and all candidates had been approved for TAVI 
in dedicated heart teams, which included a cardiac surgeon.

All procedures were performed by highly experienced 
teams, using the most advanced technology and valves 
at the time of the procedure. In all but one case, femoral 
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Transcatheter aortic valve implantation (TAVI) for 
patients with severe symptomatic aortic stenosis is 

a rapidly growing interventional cardiology procedure. 
Starting with the monumental PARTNER studies [1,2] 
on inoperable and high-risk patients, the indications have 
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approach was possible, based on dedicated computed 
tomography (CT) scan images, and performed accord-
ingly. All but one of the nonagenarians had transfemoral 
access. In one case apical access was used. 

The senior operator for each procedure selected the 
type of valve: balloon or self-expandable. All procedures 
were performed for symptomatic patients with severe/
critical AS based on current guidelines [12,13]. For all 
patients, detailed clinical evaluation, electrocardiogram, 
high-end echocardiography/Doppler, and TAVI-oriented 
advanced CT scan including aortic calcium score had 
been performed and reviewed by expert heart teams who 
agreed that the patient needed TAVI. Cardiac catheteriza-
tion or coronary imaging by CT had been performed for 
each patient prior to TAVI, percutaneous coronary inter-
vention was performed as indicated.

For the current analysis, those with younger than 80 
years of age were excluded. Of those remaining, the co-
hort was divided into two groups: patients 90 years and 
older (study group) and patients between 80 and 89 years 
of age (control group). Both groups were followed up for 
total mortality and major adverse events until 31 December 
2022 (on average 3 years). All mortality cases were con-
firmed through the official site of the Ministry of Health. 
All hospital admissions and data on complications were 
carefully reviewed. An attempt was made, through the 
family physicians, to evaluate the functional status of all 
survivors. Echocardiography reports including calculation 
of left ventricular ejection fraction (LVEF), peak and mean 
aortic gradients, and calculated valve area and indexed area, 
based on the continuity equation before TAVI and within 
2–3 months follow-up were reviewed in all available stud-
ies. Statistical analysis was performed using the unpaired 
t-test, P < 0.05 was considered statistically significant.

The study was approved by the official Maccabi 
Healthcare Services institutional review board. No pa-
tient contact or contact with families was permitted; 
therefore, the need for informed consent was waived.

RESULTS

The study group included 36 patients, age 90+ years, 
mean age 92.3 years, 15 males and 21 females, who un-
derwent TAVI during 2019–2020. Table 1 summarizes 
the mortality and complications data of these individuals 
from both groups.

All patients had symptomatic severe/critical AS, and 
all were in good general clinical condition and coherent. 
All had been evaluated and approved by dedicated heart 

Table 1. Mortality and major complications

P-valueStudy group, 
n=36

Control 
group, n=283

90+80–89Age in years

< 0.0116 (44.4%)74 (26.1%)Mortality: over 3 years

1 (2.7%)4 (1.4%)Mortality: 30 days 

1 (2.7%)3 (1%)Peri-procedural

< 0.057 (19%)15 (5.3%)Complications: 
vascular

1 (2.7%)2 (0.7%)Complications: cardiac 

5 (13.8%)36 (12.7%)Pacemaker 
implantation

2 (5.5%)3 (5.9%)Moderate aortic 
insufficiency 

3 (8.3%)2 (0.7%)Neurologic

18 (50%)226 (61.1%)No significant 
complications

teams in each center and all had signed informed con-
sent before the TAVI procedure (unrelated to the current 
study). The control group represents the typical candidate 
for TAVI: Age 80–89, mean age 83.4 years. This group 
included 283 patients, male/female 143/140, who un-
derwent TAVI during the same time period. The clinical 
profile and risk factors of both groups are presented in 
Table 2. There was no significant difference between the 
two groups.

Table 2. The clinical profile and risk factors of both groups

Study group, n=36Control group, n=283

90+ 80–89Age, in years

15 (41.7%)130 (42.2%)Malignancy

7 (19.4%)39 (13.3%)COPD

11 (30.6%)129 (43.3%)Hypertension

12 (33.3%)97 (33%)Diabetes

4 (11.1%)39 (13.3%)Myocardial infarction

19 (52.8%)145 (49.3%)IHD

12 (33.3%)97 (33%)Previous cardiac 
catheterization

COPD = chronic obstructive pulmonary disease, IHC = ischemic heart 
disease

MORTALITY
The primary endpoint was all-cause mortality [Table 1]. 
Over a mean follow up of 3 years post-TAVI, 16/36 nonage-
narians (44.4%) died, 1 peri-procedure. In contrast, 74/283 
patients (26.1%) from the control group (P < 0.01) died, 4 
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within 30 days, 2 peri-procedure. The cause of death for 
3/16 of the study group (18.7%) was related to the valve 
procedure. In the control group, it was 3/74 (6.3%), P < 0.01.

MAJOR COMPLICATIONS

Nonagenarians presented with the following complications: 
three major vascular complications, including right coro-
nary artery occlusion, severe femoral bleeding closed with 
stent graft (2 each); cardiogenic shock (1); endocarditis (3); 
cerebrovascular accident (2); and pacemaker implantation 
(4), including 1 before TAVI, and migration of valve to the 
aorta and successful implantation of a second TAVI (1). 

The control group presented with the following com-
plications: bleeding false aneurysm (1); endocarditis with 
brain emboli (1); significant bleeding related to medical 
therapy (clopidogrel) (2), brain (1), GI (1); pacemaker 
implantation (4).

There was an overall increased rate of major vascular 
complications in the nonagenarians. Those without com-
plications appeared to have improved clinically after the 
procedure by at least 1 HYHA FC class.

ECHOCARDIOGRAPHIC DATA

For all patients in both groups, TAVI resulted in a signifi-
cant drop in aortic pressure gradient following the proce-
dure, 9/36 nonagenarians had had moderate to severe LV 
dysfunction (LVEF < 40%) before TAVI. In 8 of these 9 
patients LVEF improved/normalized after TAVI 58/283 pa-
tients from the control group had had LV dysfunction prior 
to TAVI, 23/58 improved/normalized post TAVI [Table 3].

ical literature, their life expectancy is significantly shorter: 
mortality is up to 12 times higher than those of similar age 
without AS [12,13]. Furthermore, as shown in Table 1 most 
mortality cases were not peri-procedural or within 30 days 
of the procedure. Table 2 shows that the clinical background 
and risk factor profile of these two groups were not signifi-
cantly different despite the almost 10-year age difference.

Matta and colleagues [14] published their experience 
in a large cohort of nonagenarians undergoing TAVI and 
compared these results to those younger than 90 years old 
undergoing TAVI. Of a total of 1336 patients undergoing 
TAVI 250 were nonagenarians (18%), mostly close to 90 
years (mean age 91.8 years). They showed that in-hospital 
mortality in nonagenarians was significantly higher (5.2%) 
in contrast to 2% in those undergoing TAVI at a younger 
age. They also showed that major complications, in partic-
ular vascular complications, were more frequent in nonage-
narians than younger patients, 9.2% vs. 6.7%, respectively.

These results concur with a study published earlier by 
Arsalan and co-authors [15], one of the largest prospec-
tive multicenter registry comparing 3773 nonagenarians to 
20,252 patients < 90 undergoing TAVI. This study assessed 
death rate but also cerebrovascular accidents, re-hospital-
ization due to heart failure, myocardial infarction, re-in-
tervention, and quality of life at 30 days and 1 year. They 
also showed higher mortality rates in nonagenarians than 
those undergoing TAVI at a younger age: 30 days: 8.8% 
vs. 5.9%; P < 0.001; 1 year: 24.8% vs. 22.0%; P < 0.001. 
However, when corrected by STS risk scores, no signif-
icant difference was found between groups. Galata and 
Afilalo [16] summarized the risks versus benefits of TAVI 
in patients over age 90 years. They presented published 
studies on this topic. The average 30-day and 1-year mor-
tality was 5.5% and 23%, respectively. Our results support 
these observations with respect to the overall incidence of 
death in nonagenarians in contrast to younger individuals 
undergoing TAVI. Our results, however, indicate that mor-
tality, although high in nonagenarians, 16/36 (44.4%) over 
3 years, was largely unrelated to TAVI or even AS, but 
rather due to infection/malignancy and other causes that 
may result in mortality in elderly individuals. These obser-
vations concur with data from Arsalan et al. [15]. 

A major issue that is obvious after reading all pub-
lished studies and supported by our results: age by itself 
is not necessarily a major factor in predicting success/
failure of TAVI, but rather the overall physical/mental 
state of the individual TAVI candidate, and likely the 
availability for adequate femoral approach. The issue of 
frailty is well emphasized in several studies [17].

Table 3. The recovery of LVEF 

Study group, 
n=36

Control group, 
n=85LVEF

9 (25%)9 (10%)LVEF improved (> 10%)

6 (17%)0LVEF deteriorated (> 10%)

21 (58%)76 (90%)LVEF unchanged (± 10%)

LVEF = left ventricular ejection fraction

DISCUSSION

Based on the Israel Central Agency for statistics and sup-
ported by the World Health Organization, the average life 
expectancy in Israel in 2019 was 82.9 years, 81 for men and 
close to 84 for women. Life expectancy for those individu-
als reaching 90 years of age was 93.4 years, and for those 
reaching 80 it was 89.3 years. These statistics apply to the 
general population, and do not represent outcomes of pa-
tients with symptomatic severe/critical AS. Based on med-
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Interestingly, for those with reduced LV function be-
fore TAVI, which had likely been caused at least partially 
by severe AS, LV function appeared to improve follow-
ing TAVI in nonagenarians as well as those at age 80–89.

There is little doubt that the combination of severe AS 
and severe LV dysfunction presents a significant risk and 
challenge for the clinician. The recovery of LV function was 
more frequent in the nonagenarians (25%) [Table 3]. In some 
cases, the improvement grew from severe LV dysfunction 
to near normal function. One possible explanation is that 
the nonagenarians were followed clinically and by electro-
cardiography more frequently, and the deterioration of LV 
function was noticed earlier and therefore early unloading 
of the afterload from the left ventricle by performing TAVI 
prevented/reduced irreversible myocardial fibrosis.

LIMITATIONS

The retrospective analysis, relatively small number in the 
nonagenarians group, and no detailed follow-up of each 
patient were limitation. Nevertheless, we believe that these 
data are of clinical importance when considering such a ma-
jor procedure for well-selected nonagenarians with severe/
critical AS. Our follow-up of 3 years is one of the longest 
recorded and includes echocardiographic data showing im-
proved LV function after TAVI in those with reduced LVEF 
prior to the procedure, even at age over 90 years.

KEY LEARNING POINTS

TAVI is regularly performed in patients with severe aortic 
stenosis with equal or even better results than cardiac sur-
gery. There are several publications that discuss patients 
undergoing TAVI who are older than 90 years of age. The 
immediate and longer follow-up results have been incon-
clusive. Our study adds important data, due to a follow-up 
period of 3 years in individuals who have undergone TAVI. 
After the procedure, 25% of nonagenarians improved LV 
function. Our  results show that although TAVI is feasible 
in this particular population, overall mortality and serious 
vascular complications are frequent compared patients 10 
years younger who had undergone TAVI during the same 
time period.

CONCLUSIONS

TAVI in well-selected patients with severe/critical AS ap-
pears to be feasible even in nonagenarians, but both all-
cause mortality and significant vascular complications 
are more frequent than in younger patients. Each patient 
should be carefully evaluated for physical and mental sta-
bility, with emphasis on frailty. 
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