
Two year outcome in nonagenarians undergoing
percutaneous mitral valve repair

Aikaterini Christidi1, Jafer Haschemi1, Maximilian Spieker1, Florian Bönner1, Malte Kelm1,2, Ralf Westenfeld1

and Patrick Horn1*

1Division of Cardiology, Pulmonology, and Vascular Medicine, Medical Faculty, Heinrich Heine University, Düsseldorf, Germany; 2Cardiovascular Research Institute, Medical
Faculty, Heinrich Heine University Düsseldorf, Düsseldorf, Germany

Abstract

Aims Percutaneous mitral valve repair (PMVR) has emerged as standard treatment in selected patients with clinically rele-
vant mitral regurgitation (MR) and increased surgical risk. We aimed to evaluate the safety and clinical outcomes in nonage-
narians undergoing PMVR.
Methods and results Altogether, 493 patients with severe MR who were treated with PMVR were included in this open-label
prospective study and followed up for 2 years. We treated 25 patients with PMVR aged 90 years or above, 185 patients aged
80–89 years, and 283 patients aged <80 years. PMVR in nonagenarians was safe and did not differ from PMVR in younger pa-
tients in terms of safety endpoints. Device success did not differ among the groups (100% in nonagenarians, 95.7% in octoge-
narians, and 95.1% in septuagenarians, P = 0.100). Unadjusted 2 year mortality was 28% in nonagenarians, 32.4% in
octogenarians, and 19.8% in septuagenarians (P = 0.008). Kaplan–Meier curves confirmed similar 2 year survival in the
nonagenarian and octogenarian groups (P = 0.657). In the multivariate analysis, age [hazard ratio (HR) 1.031, 95% confidence
interval (CI) 1.002–1.060, P = 0.034], higher post-procedural transmitral valve gradients (HR 1.187, 95% CI 1.104–1.277,
P = 0.001), and post-procedural acute kidney injury (HR 2.360, 95% CI 1.431–3.893, P = 0.001) were independent predictors
of 2 year mortality. Altogether, 89.4% of the nonagenarians, 85.9% of the octogenarians, and 86.4% of the septuagenarians
had MR grade of 2+ or less at 1 year after PMVR (P = 0.910). New York Heart Association functional class improved in the vast
majority of patients, irrespective of age (P = 0.129). After 1 year, 9.5% of the nonagenarians, 22.3% of the octogenarians, and
25.2% of the septuagenarians (each P = 0.001 compared with baseline) suffered from New York Heart Association Functional
Class III or IV. The rate of heart failure rehospitalization in the first 12 months after PMVR did not differ among the groups
(16% in the nonagenarians, 16.7% in the octogenarians, and 17.7% in the septuagenarians) (P = 0.954). Quality of life assessed
by the Minnesota Living with Heart Failure Questionnaire before and at 1 year after PMVR improved in all age groups
(P = 0.001).
Conclusions Percutaneous mitral valve repair in carefully selected nonagenarians is feasible and safe with intermediate-term
beneficial effects comparable with those in younger patients.
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Introduction

The number of nonagenarians is rising dramatically because
of increased life expectancy of the population in developed
countries with improvements in healthcare systems.

Contemporary therapy leads to improved survival in patients
with heart diseases.1 Mitral regurgitation (MR) is one of the
most common valvular heart diseases worldwide. Its preva-
lence increases with age, overrating the prevalence of aortic
valve diseases.2,3 Percutaneous mitral valve repair (PMVR)

OR IG INAL RESEARCH ART ICLE

© 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any me-
dium, provided the original work is properly cited and is not used for commercial purposes.

ESC HEART FAILURE
ESC Heart Failure 2021; 8: 577–585
Published online 6 December 2020 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.13127

mailto:patrick.horn@med.uni-duesseldorf.de
http://creativecommons.org/licenses/by-nc/4.0/


has emerged as a standard treatment in selected patients
with clinically relevant MR and increased surgical risk related
to the type of MR.4,5

Nonagenarians are often under-represented in clinical
trials. In a recent study, Elbadawi et al. demonstrated that
PMVR in nonagenarians was as safe as that in younger pa-
tients. However, the authors focused only on the in-hospital
outcome.6 Data regarding the efficacy of PMVR in nonagenar-
ians and its long-term clinical outcomes are missing. In the
nonagenarian patient population, primary care physicians
and cardiologists agonise over the decision dilemma of con-
servative vs. interventional treatment in an attempt to assess
risks, costs, and benefits. PMVR is an expensive procedure,
and despite being safe, it might be associated with more
complications in this extreme age group. On the other hand,
treating patients conservatively might result in a poor quality
of life. Therefore, it is challenging to choose between the two
treatment strategies for this patient population.

In the present study, we aimed to evaluate the safety and
clinical intermediate-term outcomes in nonagenarians under-
going PMVR.

Materials and methods

We screened 543 consecutive patients with symptomatic
severe MR at our institution between January 2010 and
March 2018 for treatment with a percutaneous MitraClip®
device (Abbott Laboratories, Chicago, IL, USA). Severe MR
was defined according to the European Society of Cardiology
guidelines for the management of valvular heart disease.4 All
patients were considered to be at high surgical risk by an
interdisciplinary heart team. Patients were characterized as
suitable for PMVR with the MitraClip system based on the
presence of optimal or conditionally suitable valve
morphology.7 Nonagenarians were carefully selected for
PMVR with inclusion of patients with low frailty (≤4 on clinical
frailty scale) according the validated Fried criteria.8

Altogether, 493 patients (90.1% of the screened patients)
were considered as suitable for PMVR and were included in
this open-label prospective study. The rate of acceptance of
PMVR for the screened patients was similar between the
groups. All data were included in a registry (www.
ClinicalTrials.gov, NCT02033811).

Patient characteristics and baseline and procedural data
were assessed with the use of registry, medical records, pro-
cedure protocols, and follow-up data (12 and 24months after
the procedure). The clinical course was monitored by
follow-up examinations and phone calls to the referring cardi-
ologists, patients’ primary physicians, or the patients them-
selves. The registry was approved by the local ethics
committee of Heinrich Heine University, and the study was
performed in accordance with the principles of the

Declaration of Helsinki. All patients provided written
informed consent for the procedure and for the collection
and processing of their anonymous data. PMVR was per-
formed using the MitraClip device. The procedure has been
described previously in detail.9

Clinical endpoints of this study were defined according to
the Mitral Valve Academic Research Consortium.10

The secondary endpoints of this study were improvement
of functional status according to New York Heart Association
(NYHA) functional classification, rate of heart failure rehospi-
talization, and the Minnesota Living with Heart Failure
Questionnaire assessed at 1 year and mortality assessed at
1 and 2 years after PMVR.

Data were expressed as median (inter-quartile range). The
D’Agostino and Pearson omnibus normality test was used to
assess the normal distribution of parameters. Patient charac-
teristics were compared using Kruskal–Wallis test respectively
analysis of variance for continuous data and two-tailed
Fisher’s exact test respectively χ2 test for categorical data.

Cox regression analysis was used to identify variables asso-
ciated with mortality after PMVR. Variables with a P-value
<0.1 in the univariate analysis and variables known or
thought to be associated with mortality after PMVR were
included in the multivariable model. Because of the small
number of events in the nonagenarian age group, the regres-
sion analysis was not group dependent but included patients
from all three age groups.

Propensity score matching was used to compare the
groups in terms of survival and to reduce confounding factors
due to imbalances in baseline characteristics. We used these
variables as potential cofounders that were significantly
different among the three groups: gender, logistic
EuroSCORE, Charlson Comorbidity Index, aetiology of MR,
baseline left ventricular ejection fraction, and glomerular
filtration rate (GFR). We created 1:1 matched groups using
the nearest-neighbour matching without replacement with
a calliper of 0.2.

Statistical significance was set at P-values <0.05. Statistical
analysis was performed using SPSS® Statistics Version 25.0
(IBM Corp., Armonk, NY, USA) and GraphPad Prism® Version
7.0 (GraphPad Software, San Diego, CA, USA).

Results

We treated 493 patients with PMVR including 25 nonage-
narians (aged 90 years or above), 185 octogenarians (aged
80–89 years), and 283 septuagenarians (aged under
80 years). Baseline patient characteristics are summarized
in Table 1. Functional MR (FMR) was more common than
degenerative MR (56% in nonagenarians, 61% in octogenar-
ians, and 71% in septuagenarians) (P = 0.053). The propor-
tion of atrial FMR to ventricular FMR was higher in the
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nonagenarian age group [3 out of 14 (21.4%) FMR patients]
when compared with octogenarians [12 out of 113 (10.6%)
FMR patients] and septuagenarians [10 out of 200 (5%)
FMR patients] (P = 0.028).

Nonagenarian patients who were eligible for PMVR had
better left ventricular function than octogenarian or septua-
genarian patients. Renal function was lower in the nonage-
narian age group [GFR: 38.0 (30, 50.0) mL/min] when
compared with octogenarians [GFR: 44 (35, 60) mL/min]
and septuagenarians [GFR: 52 (37, 67) mL/min] (P = 0.002)
(Table 1).

Percutaneous mitral valve repair in nonagenarians did not
differ from PMVR in younger patients in terms of safety
endpoints. Particularly, the rate of minor vascular complica-
tions and occurrence of acute renal failure did not differ
among the groups (Table 2). The 30 day mortality rate was
4.0% in the nonagenarian group, 2.7% in the octogenarian
group, and 1.8% in the septuagenarian group (P = 0.661).
Device success did not differ among the groups of age. Device
success was 100% in the nonagenarian group, 95.7% in the
octogenarian group (no MitraClip device was implanted in

eight patients), and 95.1% in the septuagenarian group (no
MitraClip device was implanted in 14 patients) (P = 0.100).
The reasons for device failure included inability to grasp the
leaflets, inability to adequately reduce MR, and inadequate
mitral valve orifice area. No difference was observed in
post-procedural transmitral valve gradient among the groups
(Table 2).

The post-procedural length of hospital stay [nonagenar-
ians: 7 (5, 10) days, octogenarians: 5 (3, 9) days, or septuage-
narians: 5 [3, 8] days] (P = 0.785) as well as the total length of
hospital stay [nonagenarians: 11 (7, 14) days), octogenarians:
7 (5, 13) days, or septuagenarians: 7 (5, 11) days] (P = 0.537)
were not different among the groups (Table 2).

The unadjusted 1 year mortality rate was 16% (4 out of 25)
in the nonagenarian group, 23.8% (44 out of 185) in the octo-
genarian group (P = 0.383), and 13.1% (37 out of 283) in the
septuagenarian group (P = 0.011). The unadjusted 2 year
mortality was 28% (7 out of 25) in the nonagenarian group,
32.4% (60 out of 185) in the octogenarian group, and 19.8%
(56 out of 283) in the septuagenarian group (P = 0.008).
Kaplan–Meier curves and the log-rank (Mantel–Cox) test

Table 1 Patients’ characteristics

90 years+ 80–89 years <80 years
P-valuen = 25 n = 185 n = 283

Clinical characteristics
Age (years) 91.0 (90, 92) 83.0 (81, 85) 73.5 (67, 77) 0.001*
Gender (F/M), n (%) 15/10 (60/40) 91/94 (49/51) 99/184 (35/65) 0.015*
Extracardial vascular disease, n (%) 4 (16.0) 46 (24.9) 57 (20.1) 0.298
Diabetes mellitus, n (%) 5 (20.0) 57 (30.8) 94 (33.2) 0.377
COPD, n (%) 2 (8.0) 35 (19.0) 62 (21.9) 0.221
Prior stroke, n (%) 1 (4.0) 13 (7.0) 18 (6.3) 0.839
Previous cardiac surgery, n (%) 2 (8.8) 32 (17.3) 85 (30.0) 0.001*
Atrial fibrillation, n (%) 19 (76.0) 128 (69.2) 191 (67.5) 0.662
Logistic EuroSCORE 20.0 (17.0, 31.5) 23.0 (13.9, 35.0) 19.0 (9.5, 30.1) 0.070

STS risk score (%) 6.7 (3.7, 9.8) 8.5 (5.6, 10.6) 8.2 (7.5, 11.1) 0.128
Charlson Comorbidity Index 5.5 (5.0, 6.0) 6.0 (5.0, 8.0) 5.0 (4.0, 7) 0.001*
NYHA III/IV, n (%) 25 (100) 157 (84.9) 247 (87.3) 0.301

Echocardiographic/haemodynamic data
DMR/FMR, n (%) 11/14 (44/56) 72/113 (39/61) 83/200 (29/71) 0.053
LVEDD (mm) 54 (49, 59.5) 55 (49, 61) 58 (49, 65) 0.258
LA diameter (mm) 40 (36, 44.5) 41 (34, 46) 39 (33, 45) 0.110
LVEF (%) 45 (40, 50) 42 (35, 50) 40 (30, 49) 0.020*
LVEF > 50%, n (%) 11 (44) 75 (40.5) 79 (27.9) 0.001*
LVEF 40–50%, n (%) 10 (40) 32 (17.3) 54 (19.1)
LVEF < 40%, n (%) 4 (16) 78 (42.2) 150 (53.0)

TAPSE (mm) 17 (15, 20) 17 (15, 21) 17 (15, 20) 0.850
Moderate/severe TR, n (%) 16 (64%) 102 (55.1) 144 (50.8) 0.357
Cardiac index (mL/min/m2) 2.0 (1.8, 2.3) 2.0 (1.7, 2.3) 2.0 (1.7, 2.3) 0.975
PAPs (mmHg) 46 (40, 56) 53 (43, 66) 51 (41, 62) 0.120

Laboratory assessment
Haemoglobin (g/dL) 12 (11.0, 12.9) 11.7 (10.5, 12.8) 12.2 (10.7, 13.6) 0.290
Estimated GFR (mL/min) 38.0 (30, 50.0) 44 (35, 60) 52 (37, 67) 0.002*
NT-proBNP (pg/mL) 3068 (1991, 6182) 2521 (1399, 5010) 2515 (1381, 4691) 0.139

COPD, chronic obstructive pulmonary disease; DMR, degenerative mitral regurgitation; FMR, functional mitral regurgitation; GFR, glomer-
ular filtration rate; LA, left atrial; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; NT-proBNP,
N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; PAPs, pulmonary artery systolic pressure; STS, Society of
Thoracic Surgeons scores for the risk of death within 30 days after mitral valve repair; TAPSE, tricuspid annular plane systolic excursion;
TR, tricuspid regurgitation.
Values are n (%) or median (inter-quartile range).
*P ≤ 0.05 among the groups.
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confirmed similar 2 year survival in the nonagenarian and
octogenarian groups (P = 0.657). Patients aged <80 years
exhibited higher 2 year survival rates when compared with
patients aged 80 years or older (P = 0.002) (Figure 1). In the
propensity score matched cohort, post-procedural outcome
as well as survival did not differ among the groups
(Supporting Information, Tables S1 and S2 and Figure S1).

To identify the predictors of 2 year mortality, we per-
formed a Cox regression analysis including parameters
expected to be relevant in patients from all three age groups
(Table 3). In the multivariate analysis, age [hazard ratio (HR)
1.031, 95% confidence interval (CI) 1.002–1.060, P = 0.034],
higher post-procedural transmitral valve gradients (HR
1.187, 95% CI 1.104–1.277, P = 0.001), and the occurrence
of a post-procedural acute kidney injury (HR 2.360, 95% CI
1.431–3.893, P = 0.001) were independent predictors of
2 year mortality in a model that also included haemoglobin,
baseline kidney function, Charlson Comorbidity Index score,
and the logistic EuroSCORE (Table 3).

Before undergoing PMVR, baseline MR grade was 3 or
worse in 100% of the nonagenarian patients (25 out of 25),
in 86.4% of the octogenarian patients (153 of 177 patients
with successful PMVR), and in 88.9% of the septuagenarian
patients (230 out of 269 patients with successful PMVR)
(Figure 2). After the procedure, MR Grade 3 or worse was
observed in 4.2% of the nonagenarians (1 out of 24), 8.6%
of the octogenarians (15 out of 175), and 8.2% of the septu-
agenarians (22 out of 267) (P = 0.759). After 12months, echo-
cardiographic evaluation showed that MR Grade 3 or worse
was present in 10.6% (2 out of 19) of the nonagenarians,
14.1% (18 out of 127) of the octogenarians, and 13.6% (30
out of 221) of the septuagenarians (P = 0.910).

New York Heart Association functional class improved in
the vast majority of patients, irrespective of the age group.

At baseline, 100% of the nonagenarians, 84.9% of the
octogenarians, and 87.3% of the septuagenarians suffered
from NYHA functional Class III or IV (P = 0.285). One year
after PMVR, only 9.5% of the nonagenarians, 22.3% of the
octogenarians, and 25.2% of the septuagenarians (each

Table 2 Procedural outcome

90 years+ 80–89 years <80 years P-
valuen = 25 n = 185 n = 283

Anaesthesia (GA/DS), n/n 4/21 31/154 49/234 0.978
Conversion to GA, n (%) 1 (4) 4 (2.2) 5 (1.8) 0.740
Conversion to surgery, n (%) 0 (0) 2 (1.1) 3 (1.1) 0.983
Periprocedural mortality, n (%) 0 (0) 0 (0) 0 (0) 1
Minor vascular complication, n (%) 3 (12) 15 (8.1) 18 (6.4) 0.506
Major vascular complication, n (%) 0 (0) 7 (3.8) 7 (2.5) 0.416
Myocardial infarction, n (%) 0 (0) 1 (0.05) 0 (0) 1
Pneumonia, n (%) 2 (8.0) 8 (4.3) 13 (4.6) 0.713
Acute kidney failure, n (%) 4 (16.0) 29 (15.7) 26 (9.2) 0.087
Stroke 30 days, n (%) 1 (4.0) 3 (1.6) 2 (0.7) 0.290
30 day mortality, n (%) 1 (4.0) 5 (2.7) 5 (1.8) 0.661
Device success, n (%) 25 (100) 177 (95.7) 269 (95.1) 0.100
Post-procedural transmitral valve gradient (mmHg) 3 (2.75, 4) 4 (2.8, 4.6) 3.6 (3, 4.8) 0.244
Length of stay in the ICU (days) 2.0 (1.0, 2.0) 1.0 (1.0, 2.0) 1.0 (1.0, 2.0) 0.714
Post-procedural length of hospital stay (days) 7 (5, 10) 5 (3, 9) 5 (3, 8) 0.697
Total length of hospital stay (days) 11 (7, 14) 7 (5, 13) 7 (5, 11) 0.537

DS, deep sedation; GA, general anaesthesia; ICU, intensive care unit.
Values are n (%) or median (inter-quartile range).

Figure 1 Survival after percutaneous mitral valve repair. Kaplan–Meier
survival curves after percutaneous mitral valve repair stratified by age
for 2 year all-cause mortality. Two year mortality in the patients aged
<80 years was lower than that in patients aged 80–89 years old and pa-
tients aged >90 years old (P = 0.003).
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P = 0.001 compared with baseline) suffered from NYHA
Functional Class III or IV (Figure 3A) with no difference among
the groups (P = 0.129).

The rate of heart failure rehospitalization in the first
12 month after PMVR did not differ among the groups: it
was 16% (4 patients) in the nonagenarians, 16.7% (31
patients) in the octogenarians, and 17.7% (50 patients) in
the septuagenarians (P = 0.954) (Figure 3B).

Quality of life assessed by the Minnesota Living with Heart
Failure Questionnaire before and at 1 year after PMVR
improved from 45 (40, 52) to 40 (35, 46) (P = 0.021) in the
nonagenarians, from 43 (34, 51) to 33 (23, 44) (P = 0.001)
in the octogenarians, and from 45 (33, 55) to 36 (25, 46) in
the septuagenarians (P = 0.001) (Figure 3C).

Discussion

The findings of the presented study support the suggestion
that PMVR in nonagenarians with severe MR is as feasible
as that in younger patients, with similar low risk of complica-
tions and excellent short-term and intermediate-term
outcomes.

In the present study, the clinical profile of the nonagenar-
ian patients selected for PMVR was healthier compared with
younger patients in terms of co-morbidities and frailty.
Nonagenarians had better left ventricular function and
fewer co-morbidities than octogenarians (expressed by a
lower co-morbidity index), even though age itself is a
parameter of this score. The proportion of atrial FMR was
higher in the nonagenarian age group when compared with
the younger groups. The presence of atrial FMR might be
characterized by a presumably more favourable clinical

course as compared with patients with FMR due to left
ventricular dysfunction.11 Renal function was worse in nona-
genarians than in younger patients. Ageing is associated
with changes in the renal structure such as decreased corti-
cal volume, nephrosclerosis, or a decline in the number of
nephrons.12 These changes are accompanied by a reduction
of the measured GFR even in the absence of age-related co-
morbidities. Evidence suggests that chronic kidney disease
has been associated with poor long-term outcomes includ-
ing increased mortality and hospitalization among patients
who underwent PMVR.13,14

In addition to co-morbidities, functional capacity and frailty
of the patients have to be considered by the Heart Team
for assessing and recommending individual therapy. Over
80% of the nonagenarians who live in households or non-
institutional groups and virtually all (98%) of those residing
in institutional group quarters such as nursing homes
have some type of disability.1 Frailty is common in elderly
patients and in patients with co-morbidities and is associated
with an adverse prognosis.15 Frailty was observed in 46% of
the patients undergoing PMVR according to the Fried criteria.
Thus, it is a common condition in patients with PMVR and
requires further attention. However, it was observed that
PMVR can be performed with equal efficacy and is associated
with at least similar short-term functional improvement in
frail patients.15 We did not systematically calculate the frailty
scores in our study. However, only nonagenarians with a
good functional state were selected for PMVR to avoid
delayed reconvalescence and to minimize complication asso-
ciated with hospitalization complications. In addition, the
expected functional benefit might be higher in patients with
sufficient daily mobility.

Increasing clinical experience using the MitraClip system
has already provided successful results in patients who were

Table 3 Cox regression analysis for mortality in patients undergoing PMVR

Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Baseline variable
Age 1.055 1.033–1.078 0.001 1.031 1.002–1.060 0.034
Left ventricular function 1.010 0.995–1.025 0.194
Right ventricular function 0.982 0.932–1.034 0.483
LVEDD 0.994 0.977–1.011 0.472
Tricuspid regurgitation 1.006 0.814–1.244 0.953
Diabetes mellitus 1.250 0.884–1.767 0.208
COPD 1.236 0.845–1.808 0.274
Haemoglobin 0.090 0.849–1.012 0.090 1.015 0.988–1.043 0.291
Atrial fibrillation 1.318 0.920–1.889 0.132
Charlson Comorbidity Index 1.117 1.016–1.228 0.023 1.074 0.930–1.240 0.328
Log EuroSCORE 1.010 0.999–1.021 0.071 0.994 0.978–1.010 0.442
GFR 0.989 0.981–0.997 0.010 0.994 0.983–1.006 0.325

Post-procedural variable
Post-procedural transmitral valve gradient 1.160 1.086–1.240 0.001 1.187 1.104–1.277 0.001
Post-procedural AKI 2.648 1.786–3.926 0.001 2.360 1.431–3.893 0.001

AKI, acute kidney injury; CI, confidence interval; COPD, chronic obstructive lung disease; GFR, glomerular filtration rate; HR, hazard ratio;
LVEDD, left ventricular diastolic diameter; PMVR, percutaneous mitral valve repair.

Nonagenarians and percutaneous mitral valve repair 581

ESC Heart Failure 2021; 8: 577–585
DOI: 10.1002/ehf2.13127



not considered suitable candidates for surgery. Reportedly,
the procedural mortality rate was less than that predicted
for surgical treatment, and the 30 day mortality rate was
not different from that in patients receiving standard care.16

In the present study, 30 day mortality rate in the nonagenar-
ian group was not higher than that in younger patients.

The complication rate is usually low in PMVR
procedures.16–18 We observed no difference in major vascular
complications, myocardial infarction, pneumonia, or stroke
between the nonagenarians and the younger age groups.
We also observed a trend towards acute kidney failure in
the older age groups, possibly due to worse kidney function

Figure 2 Mitral regurgitation after percutaneous mitral valve repair. Severity of mitral regurgitation in patients with an implanted MitraClip device
from (A) the nonagenarian group, (B) the octogenarian group, and (C) the septuagenarian group at baseline, before discharge (post-procedural),
and at 1 year follow-up.
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at baseline. These findings are consistent with those from
previous studies that demonstrated similar in-hospital mor-
tality and complication rates between nonagenarians and
younger patients.6,19 These studies focused on safety end-
points and in-hospital outcome but did not demonstrate data
regarding technical and device success or regarding clinical
follow-up in this specific group. PMVR might be more stress-
ful in the nonagenarians than in younger patients, which was
reflected in longer length of hospital stay in nonagenarians.
The reasons for this prolonged hospitalization might include
a high-risk baseline status due to age alone or in combination
with lower renal function or post-interventional delirium.
However, the majority of the patients were discharged nor-
mally without the need for specific home health care. In 21
out of 25 nonagenarians in our study, PMVR was performed
using conscious sedation instead of general anaesthesia. We
have previously shown that PMVR performed using conscious
sedation is as safe and effective as PMVR performed
using general anaesthesia.9 In another study, PMVR using

conscious sedation reduced the length of stay in the intensive
care unit without any negative effects on the safety and effi-
cacy when compared with general anaesthesia.20 Further-
more, in patients with extremely advanced age, the risk of
general anaesthesia might be even higher than that in youn-
ger patients. We can only assume that the use of conscious
sedation instead of general anaesthesia in the majority of
our PMVR cases might have minimized complications. The
present study did not demonstrate safety rates for the use
of general anaesthesia for PMVR in these old patients.
However, previous studies that analysed safety and
in-hospital outcome of PMVR, which was mainly performed
under general anaesthesia, demonstrated similar in-hospital
mortality and complication rates between nonagenarians
and younger patients.6,19

We observed that successful procedural outcomes were
reflected in the high procedural success rates even in nona-
genarians undergoing PMVR (100% in the nonagenarians,
96% in the octogenarians, and 95% in the septuagenarians).

Figure 3 Symptoms and functional capacity after percutaneous mitral valve repair (PMVR). (A) The New York Heart Association (NYHA) functional class
showed improvement at 1 year after PMVR when compared with the baseline values in all groups. (B) The rate of chronic heart failure (CHF) rehos-
pitalization during the first year after PMVR did not differ among the groups. (C) Life quality assessed by the Minnesota Living with Heart Failure Ques-
tionnaire (MLHFQ) at 1 year after PMVR improved in all groups. *P ≤ 0.05 and **P ≤ 0.001 when compared with baseline.
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One year after PMVR, 89.4% of the nonagenarians exhibited
MR grades of 2+ or less. These results are consistent with
the reduction in MR observed in younger patients.
In addition to the reduction in MR, intermediate-term
improvement in NYHA functional class was observed.
Moreover, rate of heart failure hospitalizations in the first
12 months was 15.4% in the nonagenarian group, which
was similar to the rates in younger age groups from our
study. The rate of heart failure hospitalizations was also
similar to the rates reported in other studies, such as the
EVEREST II High Risk Registry (16%)21 and the TRAMI
registry (16.9%).17 The intermediate-term survival of
nonagenarians in our study was not worse than the survival
of younger patients, suggesting considerable beneficial
functional effects of the procedure in nonagenarians.

Study limitations

The present study was a single-centre study involving a small
number of individuals aged >90 years, which may have lim-
ited the statistical power of the analysis. Nonagenarians in-
cluded in our study were a highly selected patient group.
However, we cannot provide data about how many nonage-
narians with clinically relevant MR can be considered suitable
for PMVR, as the selection process had often occurred at the
outpatient level before referral to our centre. The grading of
MR post-PMVR is challenging, and standard criteria for quan-
tification of MR after PMVR are not well validated. Changes in
quality of life assessment are subject to bias as other factors
might have changed and affected quality of life in the course
of 1 year.

Conclusions

The present study provides in a small population encouraging
evidence regarding the feasibility and safety of PMVR in care-
fully selected nonagenarians, with beneficial effects compara-
ble with those observed in younger patients. The
chronological age alone should not deprive patients of PMVR.
The physiological age including co-morbidities and frailty
should be considered in the shared decision-making approach

to determine a patient’s candidacy for this procedure.
Accurate selection may lead to a successful outcome in terms
of palliation of heart failure symptoms and improvement in
the quality of life.
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Figure S1. Survival after PMVR in propensity score matched
groups
Propensity score matching was used to compare the groups
in terms of survival and to reduce confounding factors due
to imbalances in baseline characteristics. Kaplan–Meier sur-
vival curves after PMVR stratified by age for 2-year all-cause
mortality. Two-year mortality did not differ among the
groups (each n = 24) (P = 0.611).
PMVR, Percutaneous mitral valve repair
Table S1. Patients’ characteristics after propensity-score
matching. Values are n (%) or median (interquartile range).
* indicates P ≤ 0.05 among the groups
Table S2. Procedural outcome after propensity-score
matching. Values are n (%) or median (interquartile range).
* indicates P ≤ 0.05 among the groups
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