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BACKGROUND: Currently, no clear impact of sex on short- and long-term survival following transcatheter edge-to-edge mitral
valve repair (TEER) is evident, although no data are available on postprocedural life expectancy. Our aim was to assess sex-
specific differences in outcomes of patients with mitral regurgitation (MR) treated by TEER.

METHODS AND RESULTS: Short-term and 5-year outcomes in men and women undergoing TEER between 2011 and 2018 who
were included in the large, multicenter, real-world MitraSwiss registry were analyzed. Outcomes were compared stratified by sex
and according to MR cause (primary versus secondary). The impact of TEER on postprocedural life expectancy was estimated by
relative survival analysis. Among 1142 patients aged 60 to 89years, 39.8% were women. They were older, with fewer cardiovas-
cular risk factors and lower functional capacity compared with men. Thirty-day mortality was higher in men than in women (3.3%
versus 1.1%; odds ratio, 3.16 [95% CI, 1.16-10.7]; P=0.020). Five-year survival was comparable in both sexes (adjusted hazard
ratio for 5-year mortality in men, 1.14 [95% ClI, 0.90-1.44], P=0.275). Both men and women with either primary or secondary MR
showed similar clinical efficacy over time. TEER provided high relative survival estimates among all groups, and fully restored
predicted life expectancy in women with primary MR (5-year relative survival estimate, 97.4% [95% Cl, 85.5-107.0]).

CONCLUSIONS: TEER is not associated with increased short-term mortality in women, whereas 5-year outcomes are compara-
ble between sexes. Moreover, TEER completely restored normal life expectancy in women with primary MR. A residual excess
mortality persists in secondary MR, independently of sex.
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vular disease in Western countries and has a
well-recognized prognostic impact.? Several
sex-related disparities have been recognized in the inci-
dence of MR, pathological findings, pathophysiological

M itral regurgitation (MR) is the most common val-

mechanisms, and the diagnostic accuracy of currently
available imaging tools.?

In addition, the likelihood of access to treatments
and outcomes for both surgical and interventional ther-
apies appear to be dissimilar between sexes. Women
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CLINICAL PERSPECTIVE
What Is New?

In women undergoing mitral transcatheter
edge-to-edge mitral valve repair (TEER), despite
an older age and a worse functional status at
presentation, 30-day mortality was 3-fold lower
than in men.

e Both men and women showed similar 5-year
survival and major adverse clinical events rate
(composite all-cause mortality, hospitalizations
for heart failure, redo-TEER, or mitral valve sur-
gery) confirmed even after stratification for mi-
tral regurgitation cause.

e In elderly highly symptomatic women with pri-
mary mitral regurgitation, mitral TEER was able
to fully restore postprocedural life expectancy.

e Despite residual excess mortality, patients with
secondary mitral regurgitation treated by mitral
TEER achieved high relative survival estimates
at Syears.

What Are the Clinical Implications?

e The risk for short-term mortality, consistently in-
creased after surgery in women, might be effec-
tively contained by a percutaneous approach.

e Although previous data hypothesized a re-
duced clinical efficacy over time in women, no
outcome differences between sexes are evident
at 5-year follow-up, even after stratification for
mitral regurgitation cause.

e Once primary mitral regurgitation is treated
by TEER, its prognostic impact is completely
contained in women, because their life expec-
tancy equals expected survival in age- and sex-
matched subjects from the general population.

Nonstandard Abbreviations and Acronyms

MR mitral regurgitation
PMR primary mitral regurgitation
SMR secondary mitral regurgitation

TEER  transcatheter edge-to-edge mitral valve
repair

are significantly underreferred and show higher mortality
after surgery, and a lower clinical efficacy following per-
cutaneous treatments has been also suggested.3>
Nonetheless, current European and American
guidelines identify common diagnostic and therapeu-
tic pathways for patients with MR that do not con-
sider sex as a factor impacting on decision making.®”
At the same time, European guidelines acknowledge
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the presence of important gaps in evidence in sexual
issues on pathophysiology, indications, and timing of
treatment of valvular heart disease.”

Data from surgical series show that women are less
likely to be referred to surgical correction of MR and
are often scheduled at a later stage of the disease.®
Presence of diffuse calcifications of the mitral apparatus
and increased incidence of associated mitral stenosis
impact on the choice between repair and replacement,
with a lower likelihood of MV repair, whereas complexity
of associated coronary artery disease leads to higher
rates of incomplete revascularization, factors with clear
prognostic impact.? Finally, life expectancy in women
with primary MR is not as fully restored as in men, even
after adequate surgical repair.®

Evidence derived from transcatheter edge-to-edge
mitral valve repair (TEER) mirrors surgical experiences,
showing that women are underrepresented in both tri-
als and real-life registries, are often referred to TEER
at an older age, and present with a worse functional
capacity and with a higher perceived frailty that justifies
a percutaneous approach.*'° Outcomes after TEER at
short- and midterm follow-up seem to be comparable
between sexes. Nonetheless, the reported persistence
of limiting symptoms even after adequate manage-
ment of MR in women represents an unmet need for
treatment.*

The purpose of the present observational compar-
ative study was to evaluate sex-specific differences
in clinical and procedural characteristics, to report
long-term outcomes, and to assess the impact on life
expectancy in a large all-comer population of consec-
utive patients with MR treated by TEER enrolled in the
multicenter MitraSwiss registry.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Overview, Registry Design, and
Objectives

Since September 2011, all consecutive patients un-
dergoing TEER using the MitraClip (Abbott, Chicago,
IL) system in 10 Swiss centers were enrolled in the
investigator-initiated, observational, prospective
MitraSwiss registry. Details on registry design have
been described previously." Participating centers pro-
vide clinical, procedural, and follow-up data for each
patient by a dedicated standardized online form. Data
collection is centralized at the Division of Cardiology,
Cardiocentro Ticino Institute (Lugano, Switzerland),
where data are monitored and checked for consist-
ency. Data acquisition was modified from 2019 onward,
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recording a reduced number of variables mainly for ad-
ministrative reasons (details provided within Data S1).

Our primary objective was to assess in-hospital out-
comes and 5-year survival of patients enrolled in the
MitraSwiss registry, stratified according to sex and MR
cause. As secondary objectives, we aimed to report
observed survival while adjusting for expected mortal-
ity risks within the Swiss general population at 5years
as well as the clinical efficacy of TEER over time.

Patient Population

Symptomatic patients with moderate or severe MR in
whom TEER was indicated and performed according
to European guidelines at time of patient screening''4
were prospectively enrolled in the registry. Patients were
referred for TEER after heart team assessment, consid-
ering surgical risk and anatomical suitability using the
MitraClip system. Surgical risk was estimated by the
logistic European System for Cardiac Operative Risk
Evaluation | and later European System for Cardiac
Operative Risk Evaluation Il or the Society of Thoracic
Surgeons Risk Model score. The presence of additional
surgical risk factors (eg, frailty) was also considered.

For this analysis, all patients enrolled in the regis-
try from September 2011 to December 31, 2018, aged
between 60 and 89years, were included. Survival
analyses were performed including only patients with
available follow-up data. Data on sex were available for
all patients included in this analysis.

To avoid missing data resulting from modifications
in data acquisition and extending patient follow-up,
patients enrolled since 2019 were not included in the
analysis.

All patients gave written informed consent for data
collection. Our study conforms with principles of the
Declaration of Helsinki, and the local ethics commit-
tees of each site approved registry protocol.

Echocardiography

Baseline transthoracic echocardiography and transesoph-
ageal echocardiography were performed according to a
standardized protocol. Transthoracic echocardiography
was performed at baseline and at all follow-up visits. MR
severity was graded according to the American Society
of Echocardiography recommendations.”® Primary MR
(PMR) was defined as MR associated with a structural
abnormality of the mitral valve, whereas secondary MR
(SMR) was defined as MR secondary to left ventricular
dysfunction and/or atrial enlargement.

Increased pulmonary pressure was defined as a gra-
dient between the right ventricle and atrium >30mmHg
at echocardiography. Transesophageal echocardiog-
raphy was performed at baseline and during the pro-
cedure to guide intervention and assess procedural
SUCCess.
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The MitraClip implantation technique has been de-
scribed in previous reports.'® Acute procedural suc-
cess was defined as placement of 1 or more clips
resulting in postprocedural MR severity of <2+.6

Follow-Up, Censoring, and End Points
Follow-up visits including clinical assessment and com-
plete transthoracic echocardiography were scheduled
at 1, 3, 6, and 12months, and yearly thereafter, up to
Syears postprocedure.

Procedural details, acute procedural success, in-
hospital adverse events, recurrent hospitalizations for
heart failure (HF), and all-cause mortality data were
extracted from the validated registry data. Vital status
up to 5years after TEER, with censoring at the end
of follow-up on December 31, 2019, was ascertained.
Survival time was defined as the time between pro-
cedure and death or censoring. According to the reg-
istry design, a set of prespecified clinical end points
including all-cause mortality, hospitalizations for HF,
redo-TEER, and mitral valve surgery due to TEER fail-
ure was defined. These were grouped into a major
adverse clinical events (MACEs) combined end point.
This, along with the evolution of New York Heart
Association (NYHA) class and MR recurrence at fol-
low-up, was used to assess clinical efficacy of TEER
over time. Events were reviewed by a blinded clinical
events adjudication committee, and disagreement was
solved by consensus.

Statistical Analysis

Stata 17 (StataCorp, College Station, TX) was used for
computation. Counts and percentages and median
and 25th to 75th percentiles were used to describe
categorical and continuous data, respectively. No im-
putation for missing data was performed.

Comparisons between sexes were performed using
Mann-Whitney U and Fisher exact tests. Median fol-
low-up was computed with the reverse Kaplan-Meier
method. Cumulative and event-free survival was de-
scribed with the Kaplan-Meier estimator. Comparisons
were made with Cox regression models, and hazard
ratios (HRs) and 95% Cls were computed.

Relative survival was computed and plotted accord-
ing to the Ederer Il method' up to 5years after implant
using the Swiss 2011 to 2019 mortality tables (open-
access documents published by the Swiss Federal
Bureau of Statistics).'® Overall, survival was described
with the life table method. Regression models (linear,
logistic, or ordinal logistic depending on the variable)
for repeated measures were used to assess changes
over time. Robust standard errors were computed
to account for intrapatient correlation of measures.
Multivariable Cox regression analyses were performed
to identify clinical correlates of all-cause mortality at



202 ‘T aunr uo Aq Bio'sjeunofeue//:dny wody pepeojumod

Biasco et al

Syears. A confirmatory analysis was performed by
weighing the role of sex for the inverse of the propensity
score computed from a logistic model, where sex was
the dependent variable, and age, renal impairment,
anemia, functional class at admission, left ventricular
gjection fraction (LVEF), MR cause, as well as center
were the independent variables, all of them associated
being known correlates of mortality. The balancing
properties were satisfied and a common support was
obtained. The Harrell C statistic was computed, and
the calibration plot was plotted for model validation.
The proportionality of hazards for the Cox models was
satisfied. The log-rank test was also performed.

We followed the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines
checklist for data reporting and the American Heart
Association journal disparities guidelines reporting dif-
ferences by race and/or ethnicity."®

RESULTS

Overall

Out of 1268 consecutive patients enrolled in the registry
within the study period, a total of 1142 patients fulfilled
study inclusion criteria. Figure S1 shows the patients’
flow chart. The mean age was 78.5+6.4 years, and 454
(39.8%) were women. MR causes were balanced, with
581 patients (52.8%) having PMR and 519 (47.2%) hav-
ing SMR. Surgical risk assessment qualified patients
at intermediate to high risk, with a median European
System for Cardiac Operative Risk Evaluation Il of 4.1%
and a Society of Thoracic Surgeons score of 3.7%.
Table S1 reports additional details on patients’ clinical
characteristics.

Women were older (mean age 79.3+6.4years ver-
sus 77.6+71years, P<0.001), with a lower burden of
associated cardiovascular risk factors and comorbid-
ities than men. They also showed a lower functional
capacity despite a higher mean LVEF and a higher
Society of Thoracic Surgeons score.

Women received shorter procedures and a lower
number of clips, whereas no differences on acute pro-
cedural success was noted between sexes (Table S2).
Median transmitral gradient at procedure completion
was higher in women (3mmHg [interquartile range
[IQR], 2-4] versus 2mmHg [IQR, 2-3] in single-clip
procedures and 3mmHg [IQR, 2-4.7] versus 2mmHg
[IQR, 2-3] in double-clip procedures, both with
P<0.001).

Thirty-day all-cause mortality was higher in men
(1.1% versus 3.3%, unadjusted odds ratio [OR] for
30-day mortality for men 3.16 [95% CI, 1.16-10.7];
P=0.020).

Follow-up information was available in 1110 patients
(97.2%). Median follow-up was 36.6 months (25th-75th
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percentile, 21.6—56.6), with a total time at risk of 34 410
person/months of follow-up. Over a 5-year period,
317 (28.5%) patients died, leading to a crude 5-year
survival rate of 56.4% in men and 63.2% in women
(P for the log-rank 0.024, unadjusted HR for 5-year
mortality in men 1.30 [95% CI, 1.12-1.52]; P<0.001;
Figure 1). Nonetheless, the association between men
and 5-year mortality was not confirmed at multivariable
Cox regression analysis (HR, 1.14 [95% CI, 0.90-1.44];
P=0.275; Table S3).

At 5-year follow-up, MACEs-free survival rate was
numerically higher in women (50.5%) than in men
(41.5%; unadjusted HR, 1.23 [95% CI, 1.00-1.52];
P=0.053), and no association was evident after mul-
tivariable Cox regression analysis (HR for men, 1.03
[95% CI, 0.80-1.31]; P=0.836; see Table S4). The risk of
HF hospitalization at follow-up in the whole population
was comparable between sexes (HR for men adjusted
for MR cause, 1.28 [95% CI, 0.96-1.70;], P=0.092),
whereas it was higher in patients with SMR (HR, 1.63
[95% ClI, 1.16-2.27]; P=0.004; Figure S2). The risk of
reintervention (redo-TEER or surgery) at follow-up was
also comparable between sexes in the overall popula-
tion (HR for men adjusted for MR cause, 1.59 [95% Cl,
0.94-2.68]; P=0.080), whereas it was higher in PMR
patients with PMR (HR for patients for PMR, 1.61 [95%
Cl, 1.03-2.50]; P=0.037; Figure S3).

The rate of recurrent moderate or severe mitral
regurgitation over time did not differ between sexes
(P=0.706) (Figure S4). Evolution of NYHA II/IV class was
also comparable between sexes (P=0.260) (Figure S5).

Expected survival in an age- and calendar period-
matched group was 84.7% in women, leading to
a relative survival rate of 84.9% (95% ClI, 75.8-92.9)
and 72.4% in men, leading to a relative survival rate
of 78.0% (95% ClI, 70.2-85.3) without sex-related
differences over time at Poisson regression analysis
(P=0.137) (Figure 2).

Primary Mitral Regurgitation

Comparisons of baseline characteristics, echocardio-
graphic findings, and surgical risk estimates in the sub-
group of patients with PMR are shown in Table 1. A
higher mean age at referral was evident in women with
PMR. Despite a lower burden of associated comorbidi-
ties, a higher degree of functional impairment was evi-
dent in women at referral, with 74.5% presenting with
NYHA IlIl/IV and about 1 out of 3 patients with previous
hospitalizations for HF.

No significant differences with respect to acute
procedural success rates and procedural complica-
tions were evident between sexes in the setting of
PMR (Table S5). Also, women received a lower num-
ber of clips and showed a higher median transmitral
gradient at procedure completion (3mmHg [IQR, 2-4]
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Figure 1. Unadjusted and adjusted Kaplan-Meier survival estimates of patients treated by TEER according to sex in the

overall population.

F indicates female; M, male; and TEER, transcatheter edge-to-edge mitral repair.

versus 2mmHg [IQR, 2-3] in single-clip procedures
and 3mmHg [IQR, 2-4] versus 2mmHg [IQR, 2-4]
in double-clip procedures; P<0.001 and P=0.010, re-
spectively). Notably, procedural complications and 30-
day mortality rates were comparable between sexes
(unadjusted OR for 30-day mortality in men, 3.20 [95%
Cl, 0.66-31.6]; P=0.193).

Over a 5-year period, 144 (24.7%) patients died,

leading to a 5-year survival rate of 60.1% in men and
70.2% in women (P for the log-rank 0.034, HR for
5-year mortality in men, 1.45 [95% ClI, 1.03-2.05];
P=0.035; Figure 3). Again, the association between
men and all-cause 5-year mortality was not confirmed
after multivariable Cox regression analysis (HR men,
1.04 [95% ClI, 0.71-1.52]; P=0.829; Table S6).
Among patients with PMR, 5-year MACEs-free survival
did not differ between sexes (568.3% in women ver-
sus 46.1% in men; unadjusted HR for men, 1.23 [95%
Cl, 0.83-1.82]; P=0.298). No differences on MR 3—4+
recurrence or evolution of NYHA class were evident
between sexes over time (P=0.745 and 0.404, respec-
tively; Figures S6 and S7). Expected 5-year survival in
a matched group of subjects from the general Swiss
population was 73.0% in women, leading to a relative
survival rate of 97.4% (95% Cl, 85.5-107.0), and 68.6%
in men, leading to a relative survival rate of 86.8% (95%
Cl, 74.7-97.5), without differences between sexes at
Poisson regression analysis (P=0.330) (Figure 4).

J Am Heart Assoc. 2024;13:e032706. DOI: 10.1161/JAHA.123.032706
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Women with SMR were older but with less comor-
bidities compared with men. No relevant differences in
clinical presentation were evident, with similar rates of
previous hospitalization for HF, NYHA IlI/IV, and surgi-
cal risk estimates (Table 2). Even among patients with
SMR, women received a lower number of clips and
showed a higher transmitral gradient at procedure
completion (3mmHg [IQR, 2-4] versus 2mmHg [IQR,
2-3] in single-clip procedures and 3mmHg [IQR, 3-5]
versus 3mmHg [IQR, 2—-4] in double-clip procedures;
P<0.001 and P=0.008, respectively). No differences in
acute procedural success and procedural complica-
tion rates were evident between sexes (Table S7).

Thirty-day mortality rates did not differ between
sexes (unadjusted OR for 30-day mortality in men,
2.63 [95% ClI, 0.70-14.6]; P=0.190).

Over a 5-year period, 159 (31.3%) patients with SMR
had died, leading to a 5-year survival rate of 53.0% in
men and 59.3% in women (P for the log-rank 0.121; HR
for 5-year mortality in men, 1.31 [95% ClI, 0.96-1.78];
P=0.090) (Figure 3). Lack of association between sex
and all-cause 5-year mortality was confirmed at mul-
tivariable Cox regression analysis (HR men, 1.25 [95%
Cl, 0.79-1.98]; P=0.342; Table S8). Five-year MACE rate
did not differ between sexes (5-year MACE-free survival
40.4% in women and 36.3% in men; unadjusted HR for
men; 1.20 [95% ClI, 0.82-1.75]; P=0.337). No differences



202 ‘T aunr uo Aq Bio'sjeunofeue//:dny wody pepeojumod

Biasco et al

MitraSwiss Observational Comparative Analysis

FEMALE
1.00 —
0.90 —
0.80 —
0.70 —
0.60 —
0.50 —
0.40 — 0.40 —
0.30 — 0.30 —
0.20 0.20 —
0.10 — 0.10 — .
observed survival observed survival
expected survival expected survival
0.00 — 0.00 —
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Years since TEER Years since TEER

Figure 2. Observed and expected survival in study patients according to sex in the overall population.

Observed (blue solid line) with 95% Cls (blue dashed lines) and expected survival (red solid line). The displayed 95% CI allows
assessment that the observed survival is inferior to the expected one, at the 5% level, given that the red line is above the upper
confidence limit. TEER indicates transcatheter edge-to-edge mitral repair.

were evident between sexes on MR 3-4+ recurrence
rate or evolution of NYHA class over time (P=0.792 and
0.178, respectively) (Figures S8 and S9).

The expected 5-year survival in a matched group
of subjects derived from the general Swiss population
was 79.0% in women, leading to a relative survival rate
of 76.2% (95% Cl, 61.5-88.6) and 76.9%, leading to a
relative survival rate of 69.3% (95% CI, 58.8-78.9) in
men, without differences over time between sexes at
Poisson regression analysis (P=0.192) (Figure 4).

A sensitivity analysis was performed by means of
inverse probability weighting. This approach confirmed
findings of the primary analysis (details provided in
Data S1).

DISCUSSION

The present study reports a large analysis on sex-
related long-term outcomes after TEER, the first to
compare observed with expected survival stratified by
sex in both primary and secondary MR.

Overall, women treated with TEER show a different
clinical profile than their male counterparts. They pres-
ent at an older age, more often with primary MR, with
better LVEF, fewer comorbidities, but lower functional
class. For the same severity of MR, women receive

J Am Heart Assoc. 2024;13:e032706. DOI: 10.1161/JAHA.123.032706

fewer clips and show higher postimplant mitral valve
gradients, nonetheless with comparable procedural
success rates. Clinically, these technical differences
do not prevent them from enjoying a similar clinical
benefit than men, irrespective of the cause of the MR.
Late outcomes are dominated by comorbid conditions
once MR is suppressed. Women do not show an in-
creased risk of short-term mortality after TEER, which
is common after surgery. Crude all-cause mortality es-
timates at 5years were lower in women. Nonetheless,
this difference was not ultimately associated with sex.
Rates of rehospitalization for heart failure or reinterven-
tion were comparable between sexes at follow-up. As
compared with the general population, residual excess
mortality was evident after TEER, without sex-related
differences.

When stratifying according to MR cause, both in
PMR and SMR, TEER does not confer an increased
risk for short-term mortality in women. Crude survival
rates at Syears after TEER is higher in women with
PMR than in men, whereas no differences are evident
between sexes in SMR. TEER approximated the ex-
pected survival trajectories in patients with PMR and
completely restored normal life expectancy in women
with PMR. A residual excess mortality persists in pa-
tients with SMR. Clinical efficacy over time does not dif-
fer between sexes, because no differences in evolution



202 ‘T aunr uo Aq Bio'sjeunofeue//:dny wody pepeojumod

Biasco et al

MitraSwiss Observational Comparative Analysis

Table 1. Clinical Baseline Characteristics of Patients With Primary Mitral Regurgitation

Overall Women Men
Characteristic n=581 n=246 n=335 P value
Age, y, mean+SD 80.3+6.1 81.3+56.5 79.5+6.3 0.008
BMI, kg/m?, median (25th-75th) 24,6 (22.0-27.4) 23.8 (20.7-27.6) 24.9 (22.6-27.3) 0.012
BSA, m?, median (25th-75th) 1.77 (1.61-1.92) 1.61 (1.51-1.75) 1.85 (1.76-1.98) <0.001
Cardiovascular risk factors
Hypertension, n (%) 414 (75.0) 170 (74.2) 244 (75.5) 0.765
Hyperlipidemia, n (%) 233 (42.3) 80 (34.9) 153 (47.5) 0.004
Diabetes, n (%) 80 (14.9) 26 (11.9) 54 (17.0) 0.110
Coronary artery disease, n (%) 230 (42.0) 67 (29.2) 163 (51.2) <0.001
Comorbidities
Previous myocardial infarction, n (%) 72 (13.1) 21(9.0) 51 (16.0) 0.021
Previous PCl, n (%) 130 (23.8) 39 (17.1) 91 (28.6) 0.002
Previous CABG, n (%) 63 (11.5) 12 (5.3) 51 (15.9) <0.001
Previous valve surgery, n (%) 60 (10.9) 21(9.0) 39 (12.1) 0.271
Previous TAVI, n (%) 30(5.4) 12(56.2) 18 (5.6) 1.000
Previous hospitalization for heart failure, n (%) 150 (27.8) 75 (33.6) 75 (23.6) 0.011
Transplantation list, n (%) 0(0.0) 0(0.0) 0(0.0)
Atrial fibrillation, n (%) 310 (56.2) 127 (54.9) 183 (57.1) 0.664
Previous pacemaker/ICD, n (%) 78 (14.1) 34 (14.7) 44 (13.6) 0.804
Previous CRT, n (%) 25 (4.3) 8(3.2) 17 (5.0) 0.309
COPD, n (%) 70 (12.7) 19(8.2) 51 (15.9) 0.009
Previous major stroke, n (%) 14 (6.8) 5(6.3) 9(7.2) 1.000
Previous cancer, n (%) 79 (14.4) 25(10.9) 54 (16.9) 0.050
End-stage renal disease, n (%) 7 (2.0 2(1.5) 5(2.4) 0.708
Clinical presentation
NYHA class II/IV, n (%) 379 (68.4) 173 (74.5) 206 (63.9) 0.009
Heart rate, bpm, median (25th-75th) 73 (64-82) 75 (66-85) 72 (62-81) 0.013
Hemoglobin, g/dL, median (25th-75th) 12.6 (11.3-13.7) 12.4 (11.4-13.4) 12.9 (11.2-14.0) 0.006
Creatinine, pmol/L, median (25th-75th) 102 (83-137) 92 (76-116) 109 (90-144) <0.001
Creatinine >123umoL/L, n (%) 167 (30.7) 47 (20.6) 120 (38.1) 0.000
GFR, mL/min per 1.73m?, median (25th-75th) 46 (35-60) 45 (33-60) 46 (35-60) 0.390
NT-proBNP, pg/mL, median (25th-75th) 2129 (808-4017) 2279 (840-4564) 1971 (768-3826) 0.593
Echocardiography
Moderate/severe MR, n (%) 568 (99.3) 241 (99.1) 327 (99.3) 1.000
LVEF, %, median (25th-75th) 60 (50-65) 60 (54-65) 58 (48-63) <0.001
LVEDV, mL, median (25th-75th) 121 (92-155) 97 (78-125) 136 (108-175) <0.001
Indexed LVEDV, mL/m?, median (25th-75th) 67 (54-86) 60 (49-75) 72 (58-86) <0.001
LVESV, mL, median (25th-75th) 47 (35-76) 38 (30-56) 56 (42-84) <0.001
RV/RA gradient
<80mmHg, n (%) 99 (22.6) 37 (19.0) 62 (25.5)
30-50mmHg, n (%) 242 (55.3) 104 (53.6) 138 (56.7) 0.035
>50mmHg, n (%) 96 (21.9) 53 (27.3) 43 (17.7)
LA area, cm?, median (25th-75th) 30 (24-36) 29 (24-32) 32 (25-38) 0.003
Surgical risk assessment
Logistic EuroSCORE |, %, median (25th-75th) 6.5 (4.2-13.0) 8.2 (5.0-14.3) 5.4 (3.4-10.8) <0.001
EuroSCORE II, %, median (25th-75th) 3.4 (2.0-5.4) 3.9 (2.6-5.9) 2.9 (1.8-5.0) <0.001
STS score, %, median (25th-75th) 3.6 (2.1-6.0) 41 (2.3-71) 3.2(1.9-5.7) 0.001

Continuous data are provided as mean+SD or median (interquartile range). Categorical data are provided as count and percentage. End-stage renal disease is
defined as patients with GFR <15mL/min per 1.73m?. BMI indicates body mass index; BSA, body surface area; CABG, coronary artery bypass graft; COPD, chronic
obstructive puimonary disease; CRT, cardiac resynchronization therapy; EuroSCORE, European System for Cardiac Operative Risk Evaluation; GFR, glomerular
filtration rate; ICD, implantable cardioverter defibrillator; LA, left atrial; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left
ventricular end-systolic volume; MR, mitral regurgitation; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous
coronary intervention; RV/RA, right ventricular to right atrial; STS, Society of Thoracic Surgeons; and TAVI, transcatheter aortic valve implantation.
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PRIMARY MITRAL REGURGITATION
Kaplan Meier survival estimate, by sex
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SECONDARY MITRAL REGURGITATION
Kaplan Meier survival estimate, by sex
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Figure 3. Crude Kaplan-Meier survival estimates of patients treated by TEER according to sex in primary and secondary

mitral regurgitation.

Left, Primary mitral regurgitation. Right, Secondary mitral regurgitation. F indicates female; M, male; and TEER, transcatheter edge-

to-edge mitral repair.

of NYHA class, recurrence of moderate—severe MR,
or MACEs rate over time were evident between sexes,
even after stratification according to MR cause.

Data derived from the present analysis support the
adoption of TEER as a valid therapeutic option in elderly
patients with MR, especially in women. To date, no sex-
related differences in outcomes were evident when mitral
TEER was compared with surgery in the EVEREST trial,
which included patients with PMR and SMR, or when
compared with medical management in SMR in both the
COAPT and MITRA-FR trials.'®2%2" The clinical profile of
our population replicates data derived from surgical se-
ries and registries on TEER, indicating that women are
referred for intervention at an older age and with a worse
functional capacity as compared with men.®

From a technical perspective, despite comparable
procedural success rates, women required fewer clip
implants than men, and showed a higher median gra-
dient at procedure completion, which is probably due
to the smaller mitral annular dimensions in women.??

As evident from previous surgical series, women
undergoing mitral valve surgery have a higher op-
erative mortality and lower long-term survival than
men.%?% These disparities, although still incompletely
understood, might be partially explained by the pres-
ence of associated comorbidities and frailty.®

In our population, with a mean age of 79.3years,
women were independently associated with a 3-fold

lower 30-day mortality than in men, confirmed after mul-
tiple correction for baseline differences. This was con-
firmed when stratifying according to primary or secondary
causes, suggesting the risk for short-term mortality that
consistently increased after surgery in women might
be effectively contained by a percutaneous approach.
Although the determinants of this finding are complex to
analyze, because multiple factors might play a role, it is
reasonable to hypothesize that a percutaneous proce-
dure might mitigate the risk of early mortality in women,
who are more frequently frail subjects with low body mass
index and higher functional class at presentation, all fac-
tors associated with worse outcomes after surgery.

Disparities in outcomes at 5-year follow-up, al-
though still favoring women with PMR in unadjusted
analysis, are not ultimately associated with sex. While
adjusting for baseline clinical differences by means of
multivariable logistic regression analyses, the role of
preoperative LVEF, functional class at presentation,
anemia, and chronic kidney disease, all known cor-
relates of mortality at follow-up in elderly patients with
MR treated by TEER, overcome the impact of sex."

Although our findings extend up to 5years of pre-
vious evidence derived from registries confirming no
sex-related differences in procedural and midterm
outcomes after TEER,'02224-27 we provide additional
insights about sex-related differences and clinical out-
comes according to MR cause.

J Am Heart Assoc. 2024;13:e032706. DOI: 10.1161/JAHA.123.032706 8
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Figure4. Observedandexpected survivalinstudy patients according to sexwith primary and secondary mitral regurgitation.
Upper, PMR. Lower, SMR. Observed (blue solid line) with 95% Cls (blue dashed lines) and expected survival (red solid line). The
displayed 95% CI allows assessment that the observed survival is inferior to expected one, at the 5% level, given that the red line is
above the upper confidence limit in all cases except for the upper left plot (female, PMR). PMR indicates primary mitral regurgitation;
SMR, secondary mitral regurgitation; and TEER, transcatheter edge-to-edge mitral repair.

Women with PMR showed a higher crude survival
rate at Syears after TEER as compared with men.
However, this difference was not ultimately dependent
on sex, because no definitive confirmation was evident
at multiple sensitivity analyses. Moreover, although sur-
gical mitral valve repair was able to restore life expec-
tancy in men with PMR and no or minimal symptoms,?®
women and the presence of NYHA class | triggers for
surgery, such as HF symptoms or impaired LVEF, were
associated with poor outcomes and excess mortality
after surgery.®?° In our cohort, despite the presence
of severe symptoms at presentation (74.5% of women
with NYHA class Ill or IV), TEER was able to approxi-
mate expected to observed survival trajectories in men
(5-year relative survival estimate, 86.8% [95% Cl, 74.7—
97.5]), whereas normal life expectancy was completely
restored in women (5-year relative survival estimate,
97.4% [95% ClI, 85.5-107.0)).

This finding is of clinical relevance and represents
a peculiar effect of TEER. Data derived from surgery
show, instead, that restoration of life expectancy after
mitral valve repair is an expectation for patients with
no or minimal symptoms, whereas those with lower
functional status at presentation, such as in our cohort,
pay a constant mortality price.%?° In addition, although

mitral valve surgery showed similar postoperative sur-
vival rates®® and reduced mortality in both sexes,®
women do not seem to take full advantage of resto-
ration of life expectancy.® Thus, this analysis confirms
previous evidence from our group demonstrating res-
toration of life expectancy after TEER in elderly patients
with PMR,®? and supports considering the use of TEER
in women, given the peculiar protective effect on TEER
on short-term mortality and the ability to fully restore
normal life expectancy up to 5years, benefits that have
not been observed after surgery.

In patients with SMR, 5-year survival after TEER
was comparable between sexes. There was residual
excess mortality in both sexes after relative survival
analysis (5-year relative survival 76.2% [95% Cl, 61.5—
88.6] in women versus 69.3% [95% ClI, 58.8-78.9] in
men), due to the poor prognosis of HF that persists
after treatment of MR. In SMR, indications for surgical
interventions remains limited due to significant proce-
dural risk, high rates of recurrent mitral regurgitation,
and the absence of proven survival benefit conferred
by surgery.”3® Hence, TEER might represent the only
alternative for optimal medical treatment, particularly in
the elderly population. Although the sustained clinical
efficacy of TEER in selected patients with SMR was

J Am Heart Assoc. 2024;13:e032706. DOI: 10.1161/JAHA.123.032706 9
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Table 2. Clinical Baseline Characteristics of Study Patients With Secondary Mitral Regurgitation

Overall Women Men
Characteristic n=519 n=187 n=332 P value
Age, y, mean+SD 76.5+7.1 78.0£6.9 75.6+71 <0.001
BMI, kg/m?, median (25th-75th) 25.4 (22.3-28.3) 247 (21.7-27.7) 25.6 (22.7-28.6) <0.010
BSA, m?, median (25th-75th) 1.82 (1.67-1.96) 1.64 (1.54-1.79) 1.89 (1.78-2.01) <0.001
Cardiovascular risk factors
Hypertension, n (%) 399 (79.0) 155 (86.6) 244 (74.8) 0.002
Hyperlipidemia, n (%) 284 (56.3) 92 (51.7) 192 (58.9) 0.133
Diabetes, n (%) 130 (26.7) 41 (23.5) 89 (28.5) 0.242
Coronary artery disease, n (%) 334 (66.6) 90 (50.5) 244 (75.5) <0.001
Comorbidities
Previous myocardial infarction, n (%) 212 (42.7) 45 (25.1) 167 (52.7) <0.001
Previous PCl, n (%) 224 (44.9) 53 (29.6) 171 (63.4) <0.001
Previous CABG, n (%) 138 (27.8) 23(12.9) 115 (36.1) <0.001
Previous valve surgery, n (%) 39 (7.7) 13(7.2) 26 (8.0) 0.862
Previous TAVI, n (%) 20(3.9) 5(2.8) 15 (4.6) 0.353
Previous hospitalization for heart failure, n (%) 183 (37.1) 66 (38.1) 117 (36.5) 0.770
Transplantation list, n (%) 4(0.86) 0(0.0) 4(1.9) 0.302
Atrial fibrillation, n (%) 299 (59.4) 104 (57.7) 195 (60.3) 0.571
Previous pacemaker/ICD, n (%) 161 (32.0) 38 (21.2) 123 (38.0) <0.001
Previous CRT, n (%) 99 (19.1) 23 (12.3) 76 (22.9) 0.003
COPD, n (%) 73 (14.4) 24 (13.3) 49 (15.1) 0.692
Previous major stroke, n (%) 22 (12.7) 8(14.3) 14 (11.9) 0.636
Previous cancer, n (%) 80 (16.0) 30 (16.9) 50 (15.4) 0.703
End-stage renal disease, n (%) 13(3.5) 8(5.9) 5(2.0) 0.075
Clinical presentation
NYHA class llI/IV, n (%) 382 (75.3) 141 (77.0) 241 (74.4) 0.522
Heart rate, bpm, median (25th-75th) 72 (63-82) 73 (63-82) 71 (63-81) 0.269
Hemoglobin, g/dL, median (25th-75th) 12.5 (11.0-13.6) 11.9 (10.7-12.9) 12.8 (11.4-13.8) <0.001
Creatinine, pmol/L, median (25th-75th) 121 (95-156) 109 (89-142) 128 (98-164) <0.001
Creatinine >123umol/L, n (%) 230 (47.7) 64 (37.1) 166 (53.5) 0.001
GFR, mL/min per 1.73m?, median (25th-75th) 42.8 (31.0-55.1) 40.0 (29.0-51.7) 44.5 (32.0-59.9) 0.010
NT-proBNP pg/mL, median (25th-75th) 3822 (1283-8461) 3822 (1653-7821) 3848 (1283-8461) 0.907
Echocardiography
Moderate/severe MR, n (%) 509 (98.4) 184 (98.9) 325 (98.1) 0.717
LVEF, %, median (25th-75th) 37 (29-51) 45 (34-58) 34 (26-45) <0.001
LVEDV, mL, median (25th-75th) 163 (115-211) 108 (82-153) 189 (146-233) <0.001
Indexed LVEDV, mL/m?, median (25th-75th) 88 (65-117) 67 (47-91) 99 (75-123) <0.001
LVESV, mL, median (25th-75th) 107 (66-153) 63 (37-101) 125 (97-167) <0.001
RV/RA gradient
<80mmHg, n (%) 76 (19.6) 28 (19.7) 48 (19.5)
30-50mmHg, n (%) 223 (57.6) 84 (59.1) 139 (56.7) 0.867
>50mmHg, n (%) 88 (22.7) 30 (21.1) 58 (23.7)
LA area, cm?, median (25th-75th) 30 (25-36) 26 (22-32) 32 (27-39) <0.001
Surgical risk assessment
Logistic EuroSCORE |, %, median (25th-75th) 8.98 (4.6-21.2) 9.99 (5.13-19.07) 8.50 (4.40-23.00) 0.861
EuroSCORE II, %, median (25th-75th) 5.25 (3.11-11.0) 4.81(3.24-7.84) 5.54 (3.04-11.75) 0.231
STS score, %. median (25th-75th) 3.87 (2.05-8.48) 3.96 (2.25-8.6) 3.71 (1.92-8.47) 0.283

Continuous data are provided as mean+SD or median (interquartile range). Categorical data are provided as count (percentage). End-stage renal disease is defined
as patients with GFR <15 mL/min per 1.73m?. BMI indicates body mass index; BSA, body surface area; CABG, coronary artery bypass graft; COPD, chronic obstructive
pulmonary disease; CRT, cardiac resynchronization therapy; EuroSCORE, European System for Cardiac Operative Risk Evaluation; GFR, glomerular filtration rate; ICD,
implantable cardioverter defibrillator; LA, left atrial; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic
volume; MR, mitral regurgitation; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary intervention;
RV/RA, right ventricular to right atrial; STS, Society of Thoracic Surgeons; and TAVI, transcatheter aortic valve implantation.
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demonstrated by the 5-year results of the COAPT trial
reporting a 5-year survival rate of 46.7%,3* evidence
from real-world experience was lacking. Our data fill
this gap by providing outcomes and relative survival
estimates stratified by sex, showing that high 5-year
survival rates can be achieved after treating SMR with
TEER in a real-world cohort.

Another issue raised by previous reports is related
to the sustained clinical efficacy of TEER in women,
with signals pointing toward a blunted effect over time
in this class of patients. Reports from registries showed
that women treated with TEER more frequently re-
mained symptomatic after treatment, resulting in a
lower functional class at follow-up.'®?* Moreover, data
derived from the COAPT trial showed that in patients
with SMR, despite comparable procedural success
rates and survival benefits conferred by percutaneous
treatment between both sexes, the effect of TEER in
reducing HF hospitalizations was less pronounced
in women beyond the first year after treatment.3® We
demonstrated that the combined end point of all-
cause mortality, HF hospitalizations, redo-TEER, and
mitral valve surgery due to TEER failure, together with
NYHA class evolution and MR recurrence at follow up,
do not differ between sexes in the overall population,
nor after stratification for MR cause, confirming a sta-
ble clinical effect over time in both sexes.

The results of our analysis have clinical implica-
tions on the management of patients with severe MR
considered for mitral TEER. According to the lack of
short-term excess mortality, TEER should be encour-
aged in elderly women deemed not to be candidates
for surgery, irrespective from MR cause, with suitable
anatomical characteristics. Moreover, in the setting of
PMR, TEER was able to completely restore postpro-
cedural life expectancy in women, filling the gap left by
surgery in this subgroup of patients. This represents an
additional justification supporting the adoption of TEER
in this population.

Finally, a comparable clinical efficacy between sexes
was observed at follow-up, not confirming previous
reports suggesting persistence of limiting symptoms
even after adequate management of MR in women.

Limitations

Our findings must be interpreted in the context of
the following limitations. Five-year follow-up was not
available in all patients, limiting median follow-up at
36 months. Younger patients aged <60years were not
included because of potential inaccuracies in relative
survival estimations due to the peculiar clinical char-
acteristics of this small patient subgroup (ie, advanced
HF, bridge to transplantation). Similarly, patients aged
>90years were excluded due to their small sample
size, which could limit comparisons with a matched
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group along with the risk of survivor bias with inac-
curacies in relative survival estimations. Even if no data
have been acquired in the registry on patients’ race
and/or ethnicity, a large majority of subjects included in
the registry are White patients. Thus, our results might
not fully apply to patient cohorts in which other races
and ethnicities are widely represented. Nonetheless, in
light of the similarities of the clinical profile of our cohort
with previously reported data, the external validity of
our analysis should be preserved.

Our data set did not include quantitative data on
preprocedural MR, thus not allowing a further strati-
fication of SMR proportionate/disproportionate MR,3®
nor echocardiographic data describing the location
or complexity of the prolapse, proportion of anterior
mitral valve prolapse, and Barlow disease in patients
with PMR. However, all subjects were evaluated by a
local heart team and deemed to have suitable anat-
omy for TEER. Frailty scores were not included in the
data set. Our population was treated with first- and
third-generation MitraClip devices; thus, the effect of a
newer version of the device remains to be established.
Finally, no data on baseline medical therapy, its evolu-
tion over time, or core laboratory evaluation of echo-
cardiographic parameters are available.

CONCLUSIONS

Following mitral TEER, women are associated with a
lower short-term mortality, whereas no outcome dif-
ferences were observed at 5-year follow-up. Despite
clinical and procedural differences between sexes,
equality was achieved with similar clinical efficacy over
time and confirmed after stratification for MR cause.
TEER was able to confer high relative survival esti-
mates and to restore life expectancy in elderly, highly
symptomatic women with PMR. These findings, pecu-
liar achievements of a percutaneous approach to MR
treatment, emphasize the need to consider a patient’s
sex when tailoring the management of patients with
MR.
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