Heart Vessels (2017) 32:157-165
DOI 10.1007/s00380-016-0857-3

CrossMark

@

ORIGINAL ARTICLE

Transcatheter aortic valve replacement in nonagenarians:
early and intermediate outcome from the OBSERVANT study

and meta-analysis of the literature

Fausto Biancari! - Paola D’Errigo’ - Stefano Rosato” - Marek Pol® -
Corrado Tamburino* - Marco Ranucci® - Fulvia Seccareccia®

Received: 2 March 2016 / Accepted: 27 May 2016 / Published online: 1 June 2016

© Springer Japan 2016

Abstract The purpose of this study was to evaluate the
outcome of nonagenarians after transcatheter aortic valve
replacement (TAVR) from the OBSERVANT study and to
pool the results of the literature on this topic. Aortic ste-
nosis is the most common acquired valvular heart disease
in the Western countries, and its prevalence is linked to the
phenomenon of population aging. TAVR can be considered
as a wise approach to treat nonagenarians, but data on its
safety and effectiveness are scarce. Data on 80 patients
aged >90 years who underwent TAVR from OBSERVANT
study were analyzed. A systematic review and meta-anal-
ysis of published data were performed. Thirty-day mortal-
ity in the OBSERVANT series was 6.3 %. None of these
patients experienced stroke. Permanent pacemaker implan-
tation was necessary in 20 % of patients. Paravalvular
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regurgitation was observed in 57.5 %. Survival at 1, 2,
and 3 years was 79.6, 71.9, and 61.5 %. Ten series pro-
vided data on 1227 nonagenarians who underwent TAVR.
Pooled 30-day mortality rate was 7.1 %, stroke 2.8 %,
vascular access complication 8.8 %, and permanent pace-
maker implantation 10.6 %. Paravalvular regurgitation was
observed in 60.1 % of patients. Pooled 1-, 2-, and 3-year
survival rates were 79.2, 68.2, and 55.6 %. Transapical
TAVR was associated with a significantly higher risk of
early mortality compared with transfemoral TAVR. The
results of OBSERVANT study and aggregate data meta-
analysis suggest that in nonagenarians, TAVR is associated
with low postoperative morbidity and excellent interme-
diate survival. Transapical TAVR in these very elderly is
associated with high postoperative mortality.

Keywords Aortic valve stenosis - Transcatheter
aortic valve implantation - Transcatheter aortic valve
replacement - TAVI - TAVR - Nonagenarian - 90 years

Introduction

The projections of European population showed large and
sustained increases in life expectancy, the stratum of nona-
genarians being the one with the largest increase in propor-
tion [1]. This will cause an increase in the need of treatment
of heart valve diseases. Although there is enough evidence
on the safety of conventional valve surgery in advanced age
[2—4], catheter-based treatments can be considered as wise
approaches to treat nonagenarians, but data on the value of
these interventions in these fragile patients are scarce. In
this study, we sought to assess the early and intermediate
outcome of transcatheter aortic valve replacement (TAVR)
in a large series of nonagenarians from a multicenter,
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prospective study. Furthermore, a systematic review and
meta-analysis of published data on nonagenarians who
underwent TAVR were performed.

Materials and methods

Study design and data collection of the OBSERVANT
study

OBSERVANT (observational study of effectiveness of
AVR-TAVI procedures for severe aortic stenosis treat-
ment) is a national observational, prospective, multicenter,
cohort study that enrolled consecutive patients with severe
aortic valve stenosis undergoing TAVR or SAVR at 93 Ital-
ian cardiology/cardiac surgery centers between December
2010 and June 2012. Details on the study design, patient
eligibility criteria, and data collection modalities have been
reported elsewhere [5, 6]. The study protocol has been
approved by local ethical committees, and the patients gave
an informed and written consent to the scientific treatment
of their data in an anonymous form. Data on demographic
characteristics, health status prior to intervention, comor-
bidities, and complete information on the type of interven-
tion were collected into a standardized online datasheet on
a password-protected website. An administrative follow-up
has been set up for each enrolled patient through a record
linkage with the National Hospital Discharged Records
database for in-hospital events and with the Tax Registry
Information System for information on survival. Collected
data were stored and analyzed at the Italian National Insti-
tute of Health.

The study population included all consecutive adult
patients requiring an aortic valve replacement for severe
aortic valve stenosis (defined as an aortic valve area <1 cm?,
maximum aortic velocity >4 m/s, or mean pressure gradi-
ent >40 mmHg). Patients who underwent isolated TF-
TAVR or TA-TAVR were included in this analysis. Patients
received Sapien XT or CoreValve bioprostheses.

All-cause mortality within 30 days from intervention
and up to 3 years was the primary outcome measures of
this study. Secondary outcome end points were in-hospital
adverse events, such as stroke, vascular complications, red
blood cell transfusion, and acute kidney injury. Stroke was
defined as any focal deficit lasting >24 h, or focal deficit
lasting <24 h with positive neuroimaging studies. Vascular
complications were defined as any access site complication
requiring surgical or percutaneous vascular intervention.
Acute kidney injury was classified in three stages accord-
ing to the AKIN definition criteria considering only the
peak postoperative serum creatinine level within 48 h from
the procedure [7, 8]. Other secondary outcome end points
were major adverse cardiac and cerebrovascular events
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(MACCE) at 3 years. MACCE was defined as the compos-
ite end point, including any of these adverse events: death
from any cause, stroke, myocardial infarction, percutane-
ous coronary intervention, and/or coronary surgery.

Meta-analysis

An English language literature review was performed
through PubMed, Scopus, Sciencedirect, and Google
Scholar on July 2015 for any study evaluating the outcome
after TAVR for stenosis of the aortic valve in nonagenar-
ians. The words employed in the search were: “transcath-
eter,” “TAVI”, “TAVR”, “nonagenarian”, and “90 years”.
Reference list of obtained articles was used to broaden the
search. We applied the guidelines for preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
[9]. Two authors (F.B. and M.P.) independently reviewed
the abstracts and articles and collected the data from the
included studies.

To enter this analysis, studies had to fulfill the follow-
ing criteria: (1) observational studies providing detailed
baseline, operative, and outcome data of patients aged
90 years or more who underwent TAVR; (2) prospective or
retrospective observational studies including >10 patients;
(3) studies published in English language; (4) studies pub-
lished as a full article; (5) studies reporting on at least
30-day postoperative mortality. Language of the articles
was defined as reported in PubMed. We did not include in
this study data unpublished or reported only in abstract.

The following criteria were used to exclude studies from
this analysis: (1) studies reporting controversial data (data
not matching each other with the text and tables); (2) stud-
ies without information on baseline characteristics, treat-
ment modality, and data on at least the primary outcome
end point of this study; (3) studies with duplicate data.

Data on study size, study design, baseline characteris-
tics, operative data, early adverse events, and late survival
were retrieved only from the articles, and no attempt to
get specific or missing data from the authors was made.
Each study was independently evaluated by M.P and F.B
for inclusion or exclusion from this analysis. Baseline and
operative data of interest were extracted and reported in a
dedicated Excel spreadsheet.

The quality of the included studies was independently
assessed by three investigators (F.B., M.P.) using the
National Heart, Blood, and Lung Institute (NHBLI) criteria
for study quality assessment of case—control series (https://
www.nhlbi.nih.gov/health-pro/guidelines/in-develop/car-
diovascular-risk-reduction/tools/case—control; accessed on
April 22, 2016).

The main outcome measure of this study was any 30-day
and late postoperative mortality. Secondary outcome end
points of this study were stroke, myocardial infarction,
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Acute Kidney Injury Network grades 1-3 [7], vascular
access complications, major bleeding, permanent pace-
maker implantation, paravalvular regurgitation, mean post-
operative transvalvular gradient, and length of stay in the
intensive care unit.

Statistical analysis

Statistical analyses were performed using the SPSS sta-
tistical package, version 22 (IBM Corporation, Armonk,
New York, USA). The freely downloadable software Open
Meta-analyst  (http://www.cebm.brown.edu/open_meta/,
accessed on February 29, 2016) was used for meta-analysis
of aggregate data. Continuous variables are presented as
the mean + standard deviation and categorical variables
as counts and percentages. Operative deaths were included
in survival analyses. Time to event was estimated using
the Kaplan—Meier’s method. Multivariate analysis was not
performed because of the small size of this series. In meta-
analysis of aggregate data, proportions were pooled using
random effects models to incorporate the anticipated het-
erogeneity of these small size observational studies. Analy-
sis of time-to-event outcome end points was performed by
calculating the proportion of patients alive at each interval
after estimating the number of events and the number of
patients at risk from available survival curves and tables
using a spreadsheet developed by Tierney and collabora-
tors [10]. This enables to estimate the number of patients
at risk for those studies not reporting it at each study inter-
val. Once the number of events and the number of patients
at risk were estimated, the proportions of patients alive at
each interval were calculated and were then pooled by the
random-effect method. Heterogeneity across studies was
evaluated using the I* test. Sensitivity and meta-regression
analyses were not performed due to the limited number
of available studies. The results are expressed as pooled
mean and proportions and mean with 95 % confidence
interval (95 % CI). A P < 0.05 was considered statistically
significant.

Results
Early and late outcome in the OBSERVANT study

For the purposes of this study, 80 patients fulfilled the
inclusion criteria and were the subjects of this analysis.
Their baseline characteristics and echocardiographic data
are summarized in Tables 1 and 2. Seven patients under-
went transapical TAVR (8.8 %). The procedure was per-
formed in 19 patients (23.8 %) in local anesthesia.
Thirty-day mortality in this series was 6.3 %. The
observed/expected mortality ratio as estimated by the

Table 1 Baseline characteristics and operative data of nonagenarians
from the OBSERVANT who underwent transcatheter aortic valve
replacement

Clinical and operative variables n =280
Age (years &= SD) 914+ 1.4
Male gender, n (%) 23 (28.7)
BMI (kg/m* & SD) 23.8+3.9
Diabetes mellitus, n (%) 11 (13.8)
eGFR (mg/min/1.73 m? & SD) 47+ 17
Hemoglobin (g/dL £ SD) 11.6 £ 1.5
Chronic dialysis, n (%) 0
Smoking history, n (%) 2(2.5)
Neurologic dysfunction, n (%) 5(6.3)
Chronic liver disease, n (%) 0
Active neoplastic disease, n (%) 1(1.3)
Peripheral arteriopathy, n (%) 11 (13.8)
Pulmonary disease, n (%) 14 (17.5)
Oxygen therapy, n (%) 2(2.5)
Pulmonary hypertension, n (%) 15 (18.8)
Previous cardiac surgery, n (%) 1(1.3)
Previous op. on the aorta—iliac arteries, n (%) 0
Porcelain aorta, n (%) 25 (6.3)
Previous BAV, n (%) 14 (17.5)
Previous AMI, n (%) 14 (5.0)
Previous PCI, n (%) 17 (21.3)
Coronary artery disease, n (%) 31 (38.7)
One-vessel disease 8 (10.0)
Two-vessels disease 20 (25.0)
Three-vessels disease 3(3.8)
NYHA classes, n (%)
I 2(2.5)
I 28 (35.0)
I 36 (45.0)
v 12 (15.0)
Unstable angina, n (%) 2(2.5)
Critical preoperative status, n (%) 2(2.5)
Frailty score (moderate—severe), n (%) 23 (28.8)
Urgent procedure, n (%) 1(1.3)
Transapical route, n (%) 7 (8.8)
Concomitant coronary revascularization, n (%) 5(6.3)
Logistic EuroSCORE I (% + SD) 175+ 11.0
Logistic EuroSCORE II (% + SD) 7.5+7.0

BMI body mass index, AMI acute myocardial infarction, eGFR esti-
mated glomerular filtration rate, PCI percutaneous coronary interven-
tion, BAV balloon aortic valvuloplasty, NYHA New York Heart Asso-
ciation

EuroSCORE 1I was 0.84. Transfemoral TAVR was associ-
ated with a 30-day mortality of 5.5 % and transapical TAVR
of 14.3 % (P = 0.36). None of these patients experienced
stroke. Permanent pacemaker implantation was necessary
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Table 2 Preoperative echocardiographic parameters

Table 3 Periprocedural adverse events

Echocardiographic variable n =280 Adverse events n =280
LVEF < 50 %, n (%) 30 (37.5) Valve migration, n (%) 1(1.3)
Mitral valve regurgitation, n (%) Stroke, n (%) 0
Mild 47 (58.8) Cardiogenic shock, n (%) 2(2.5)
Moderate 22 (27.5) Cardiac tamponade, n (%) 3(3.8)
Aortic valve pattern Myocardial infarction, n (%) 3(3.8)
Aortic valve area (cm? + SD) 0.58 £ 0.16 Permanent pacemaker, n (%) 16 (20.0)
Peak gradient (mmHg =+ SD) 88 + 22 Major vascular damage, n (%) 3(3.8)
Mean gradient (mmHg + SD) 54 £ 15 Infection 2(2.5)
Annulus diameter (mm + SD) 2242 Wound, n (%) 1(1.3)
. L . Lung or other organs, n (%) 0
LVEF left ventricular ejection fraction i
Sepsis, n (%) 1(1.3)
Emergency PCI, n (%) 3(3.8)
in 20 % of patients. No severe paravalvular regurgitation  Red blood cell transfusions, n (%) 22 (27.5)
was observed in this series, but mild-to-moderate regur- Red blood cell transfusions (number of units &= SD) 07+14
gitation was observed in 57.5 % of patients. Five patients Paravalvular regurgitation, n (%) 46 (57.5)
(6.3 %) required dialysis after TAVR. The mean length of Mild 36 (45.0)
stay in the intensive care unit was 2.3 £ 2.9 days. Other Moderate 10 (12.5)
early adverse events are summarized in Table 3. Severe 0
The mean follow-up was 1.95 & 1.1 years. Survival at  Acute kidney injury, n (%)* 16 (20.0)
1, 2, and 3 years was 79.6, 71.9, and 61.5 % (Fig. 1). At  kpiGo
3 years, freedom from MACCE was 53.8 %, from stroke Stage 1° 10 (12.5)
was 90.1 %, from myocardial infarction was 91.4 %, and Stage 2° 1(13)
from coronary revascularization was 94.8 %. Stage 3° 5(63)
De novo dialysis® 5(6.3)
Meta-analysis Mean transvalvular gradient (mmHg + SD) 20+ 14
ICU stay (days £ SD) 23+£29
Literature search yielded 39 articles potentially fulfilling Intraoperative mortality, 1 (%) 225
the inclusion criteria of this study (Fig. 2). Two studies [11, 30 days mortality, (%) 5(63)

12] were excluded, because the involved centers contrib-
uted to a multicenter study [13] with study periods overlap-
ping more than 50 %. Nine articles [13-21] were suitable
for this analysis which included also the present data from
the OBSERVANT study. In overall, 10 series provided data
on 1227 nonagenarians who underwent TAVR. Character-
istics of these studies are reported in Table 4. Eight studies
reported on at least 1-year survival. The NHLBI quality of
four studies was judged to be fair and that of six studies
was good. Pooled baseline characteristics of nonagenar-
ians are summarized in Table 5. The high prevalence in
these patients of coronary artery disease, stroke, peripheral
vascular disease, and pulmonary disease is of clinical rel-
evance. Furthermore, these patients had a high prevalence
of atrial fibrillation and prior implanted pacemaker. Spe-
cific data on concomitant coronary revascularization were
not available from these studies.

Pooled 30-day mortality rate was 7.1 % (Fig. 3), stroke
2.8 %, vascular access complication 8.8 %, and permanent
pacemaker implantation 10.6 %. Mild-to-severe paravalvular
regurgitation was observed in 60.1 % of patients (Table 6).
Two studies [13, 20] along with the OBSERVANT study
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ICU intensive care unit

% Excluding patients with preoperative dialysis

provided data on 30-day mortality after transfemoral (686
patients) and transapical TAVR (249 patients). Transapical
TAVR was associated with a significantly higher risk of early
mortality compared with transfemoral TAVR (pooled propor-
tion: 14.2 versus 6.5 %; HR 2.56, 95 % CI 1.63-4.01, I> 0 %).

Pooled survival rates at 1-, 2-, and 3-year were 79.2,
68.2, and 55.6 %, respectively. Details on survival propor-
tions, estimated patients at risk, and heterogeneities are
summarized in Fig. 4. Supplementary Fig. 1 shows forest
plots of pooled survival at these study intervals.

Discussion
The results of the OBSERVANT study demonstrated that

TAVR can be performed in nonagenarians with low risk of
early mortality and morbidity. Such excellent results were
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Fig. 1 Kaplan—-Meier estimate of survival in nonagenarians after
transcatheter aortic valve replacement from the OBSERVANT study

Potentially relevant studies identified
and screened for retrieval
n=39

Studies excluded as irrelevant = 17

Studies retrieved for more detailed
evaluation
n=22

Studies excluded = 13
Review = 2
Commentary = 3
Case report = 6
Duplicate =2

Potentially appropriate studies to be
included in the meta-analysis
n=9

Further data included
OBSERVANT registry data

Studies included in this meta-analysis
n=10

Fig. 2 PRISMA flowchart of literature search. Asterisk the present
OBSERVANT data was included in qualitative and quantitative anal-
yses

obtained despite a high prevalence of significant comor-
bidities, such as decreased renal function, peripheral arte-
riopathy, pulmonary disease, and coronary artery disease
(Table 1). It is also worth noting that about 20 % of these
patients had a prior pacemaker implanted. In this study, the
observed/expected mortality ratio as estimated by the Euro-
SCORE II was 0.84, which suggests that this risk score may
provide a reliable estimate of the operative risk in these
very elderly. We may expect that a policy of strict preop-
erative selection was adopted in all these patients, but still
TAVR was not associated with an increased risk of adverse
events. In the OBSERVANT series, no patient experienced

postoperative stroke, the rate of severe acute kidney injury
was about 6 %, and the mean length of stay in the intensive
care unit was 2.3 days. However, almost 60 % of patients
had a mild-to-moderate paravalvular regurgitation.

Pooled analysis of data from the OBSERVANT study
and other nine series confirmed the high prevalence of
comorbidities in nonagenarians (Table 5), and that TAVR
was generally associated with a favorable early outcome
(Table 6). In overall, the risk of end-organ and access
complications can be considered comparable with that of
current series, including mostly younger patients. Pooled
analysis confirmed the rather high rate of mild-to-severe
paravalvular regurgitation, but only 10 % being moderate
to severe.

Data from the OBSERVANT study as well as those from
pooled analysis showed that 3-year survival in nonagenar-
ians is about 55 %, which is excellent in patients whose life
expectancy is rather short. Indeed, there is evidence that
such results are similar to age and gender matched general
population [11, 13]. The improved functional health status
and quality of life at mid-term after TAVR as demonstrated
in recent series [13] further confirm the validity of this
treatment method in nonagenarians.

It is worth noting that the rate of paravalvular regurgita-
tion observed in the OBSERVANT series as well as in the
pooled analysis was about 60 % and that about 10 % of
patients had a moderate-to-severe regurgitation. This find-
ing may to some extent be attributed to the type of valve
prostheses used during the study period. However, we may
speculate that such a high rate of paravalvular regurgitation
may most likely be related to the severity of calcification of
the aortic valve in these nonagenarians.

Two previous studies [17, 19] reported on postopera-
tive rate of pacemaker implantation >20 %. In the present
series, the rate of pacemaker implantation was rather high
(20 %) as well, but this may be due to the relatively small
sample size that may affect the estimation of the rate of
this adverse event. The type of prosthesis might have had
an impact on this outcome end point. However, we do not
have sufficient data to perform a sub-analysis on this issue.

The relatively large and increasing number of nonagenar-
ians who were included in the published studies suggests
that there is an increasing need of invasive treatment of car-
diovascular diseases in these patients. Remains the question
whether this less invasive treatment strategy is cost-effective
in nonagenarians. TAVR can be considered a costly alter-
native to conventional aortic valve replacement in patients
without a prohibitive operative risk, but there is a burden of
evidence on its cost-effectiveness in inoperable patients [22,
23]. Since, at this stage, a few would argue that the conven-
tional aortic valve replacement is a valid option in nonage-
narians [24], we may conclude that TAVR is highly justified
in selected nonagenarians in view of its potential to increase
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Table 5 Pooled baseline
characteristics of 1227
patients >90 years old who
underwent transcatheter aortic
valve replacement

Fig. 3 Forest plot of pooled
proportion of 30-day mortality

Table 6 Pooled early outcome
of 1227 patients >90 years old
who underwent transcatheter
aortic valve replacement

Baseline variable

No. of studies

No. of patients

Mean/proportion (95 % CI)

Age (years)

Male

BMI

Serum creatinine (mg/dL)
Diabetes

NYHA classes 3—4

LVEF (%)
Peripheral vascular disease
Pulmonary disease

Stroke

Atrial fibrillation

Coronary artery disease

Previous cardiac surgery

Prior pacemaker

Mean preop. gradient (mmHg)
Transapical access
Transfemoral access

Logistic EuroSCORE (%)

STS score (%)

10
10

10

1227
1227
1172
166
1227
1080
1121
1227
1227
1121
590
670
541
1066
641
1227
1227
534
251

91.9 (91.5-92.3)
40.1 (33.3-46.9)
24.6 (24.0-25.2)
1.2 (1.1-1.3)
18.6 (14.0-23.2)
85.0 (78.1-91.8)
54.2 (52.0-56.4)
29.9 (0.6-59.2)
20.6 (14.3-26.9)
8.7 (7.1-10.4)
28.7 (19.3-38.1)
47.6 (41.2-54.0)
7.4 (2.6-12.1)
18.9 (11.0-26.7)
52 (48-56)
10.4 (2.0-18.7)
86.5 (77.3-95.7)
24.9 (21.7-28.2)
11.4 (8.7-14.2)

CI confidence interval, LVEF left ventricular ejection fraction, BMI body mass index, NYHA New York
Heart Association, STS Society of Thoracic Surgeons

Studies Estimate (95% C.I.) Ev/Trt

Akin 0.273 (0.010, 0.536) 3/11

Noble 0.087 (0.000, 0.202) 2/23 —_—-

Murashita 0.038 (0.000, 0.112) 1/26 ——

Pascual 0.105 (0.000, 0.243) 2/19 -

Verouhis 0.017 (0.000, 0.062) 0/29 i—

Yamamoto 1 0.154 (0.015, 0.293) 4/26

Yamamoto 2 0.113 (0.079, 0.146) 39/346 ——

Abramowitz 0.029 (0.001, 0.058) 4/13¢ —i—

Thourani 1 0.046 (0.023, 0.068) 15/329 R B

Thourani2 0.134 (0.087, 0.181) 27/202 ——

Current series 0.062 (0.009, 0.116) 5/80 . S

Overall (1"2=70% , P<0.001) 0.071 (0.042, 0.101) 102/1227 e

(') 0I| 0'2 O'J 0'4 0‘5
30-day mortality
Outcome end points No. of No. of Mean/proportion
studies patients (95 % CI)

30-day mortality 10 1227 7.1 (4.2-10.1)
Stroke 8 1072 2.8 (1.5-4.0)
Conversion to open surgery 6 959 0.6 (0.1-1.1)
Myocardial infarction 6 625 0.8 (0.1-1.5)
Vascular access complications 8 667 8.8 (4.2-13.4)
Permanent pacemaker implantation 9 1201 10.6 (6.6-14.7)
Paravalvular regurgitation

Mild-severe 6 807 60.1 (41.4-78.7)

Moderate—severe 6 807 9.8 (5.4-14.2)
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Fig. 4 Pooled early and inter- 100
mediate survival in nonagenar-
. . 90
ians after transcatheter aortic
valve replacement 8
70
< 60
g %0
S
—
3
A 0
30
20
10
0
30 days 1 year 2 years 3 years
No. of studies 10 8 7 5
Estimated patients at risk 1227 784 578 230
Pooled survival (%) 92.9 79.2 68.2 55.8
95%CI 89.9-95.8 74.1-84.2 62.1-74.3 46.4-65.2
2 70% 59% 53% 46%

their quality of life and provide a survival similar to age-
and gender-matched general population.

A few studies reported on the outcome according to
access route. The present pooled analysis indicates that
transapical TAVR is associated with excessive early mortal-
ity compared with transfemoral TAVR [25]. We do not have
data to assess any potential difference in the baseline risk
factors of these study groups. However, we may assume
that a mini-thoracotomy and the related need of general
anesthesia are too risky in such a fragile patient’s popula-
tion as demonstrated also in younger patients [26].

Study limitations

A number of limitations may affect the validity of the pre-
sent findings. First, the decision to treat nonagenarians
was most certainly based on a careful preoperative selec-
tion taking into consideration patients’ comorbidities and
frailty status. Therefore, a significant selection bias can be
expected, and these results cannot be generalized. Similarly,
pooled analysis included data from institutional series with
large volume and specific experience in TAVR. Therefore,
these results may not be reproducible in all centers. Second,
this study did not provide a comparative data with younger
patients. We do believe that comparing the results of TAVR
in nonagenarians versus younger patients may introduce
a significant bias as nonagenarians were likely selected
according to more stringent criteria than younger patients.
Despite the limitations of strict selection criteria, a study
by Yamamoto et al. [21] showed that adjusted mortality

@ Springer

of nonagenarians after TAVR is not worse than younger
patients. These results were confirmed by a recent study by
Abramowitz et al. [18]. Finally, despite a few series reported
fairly good results with SAVR in nonagenarians [11, 15],
the frailty of these patients and their short life expectancy
are reasonable arguments against conventional surgery in
nonagenarians. Because of these reasons, we did not plan
any comparative analysis of TAVR versus SAVR in this sub-
set of patients.

Conclusions

In conclusion, the results of the OBSERVANT study and
meta-analysis of published data suggest that in selected
nonagenarians, TAVR is associated with low postoperative
morbidity and excellent early and intermediate survival.
Preliminary data indicate that transapical TAVR is associ-
ated with excessive early mortality in nonagenarians.
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