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Abstract

Background and 
Aims

Presentation, outcome, and management of females with degenerative mitral regurgitation (DMR) are undefined. We ana-
lysed sex-specific baseline clinical and echocardiographic characteristics at referral for DMR due to flail leaflets and subse-
quent management and outcomes.

Methods In the Mitral Regurgitation International Database (MIDA) international registry, females were compared with males regard-
ing presentation at referral, management, and outcome (survival/heart failure), under medical treatment, post-operatively, 
and encompassing all follow-up.

Results At referral, females (n = 650) vs. males (n = 1660) were older with more severe symptoms and higher MIDA score. Smaller 
cavity diameters belied higher cardiac dimension indexed to body surface area. Under conservative management, excess 
mortality vs. expected was observed in males [standardized mortality ratio (SMR) 1.45 (1.27–1.65), P < .001] but was higher 
in females [SMR 2.00 (1.67–2.38), P < .001]. Female sex was independently associated with mortality [adjusted hazard ratio 
(HR) 1.29 (1.04–1.61), P = .02], cardiovascular mortality [adjusted HR 1.58 (1.14–2.18), P = .007], and heart failure [adjusted 
HR 1.36 (1.02–1.81), P = .04] under medical management. Females vs. males were less offered surgical correction (72% vs. 
80%, P < .001); however, surgical outcome, adjusted for more severe presentation in females, was similar (P ≥ .09). 
Ultimately, overall outcome throughout follow-up was worse in females who displayed persistent excess mortality vs. ex-
pected [SMR 1.31 (1.16–1.47), P < .001], whereas males enjoyed normal life expectancy restoration [SMR 0.92 (0.85–0.99), 
P = .036].
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Conclusions Females with severe DMR were referred to tertiary centers at a more advanced stage, incurred higher mortality and mor-
bidity under conservative management, and were offered surgery less and later after referral. Ultimately, these sex-related 
differences yielded persistent excess mortality despite surgery in females with DMR, while males enjoyed restoration of life 
expectancy, warranting imperative re-evaluation of sex-specific DMR management.

Structured Graphical Abstract

Are there sex-speci�c di�erences in presentation, management, and outcomes of severe degenerative mitral regurgitation (DMR)?

Females presented with more severe symptoms, higher MIDA-score, and larger cardiac dimensions normalized to body surface area than 

males. Females were o�ered surgery less frequently. Overall outcomes throughout follow-up were worse in females than in males with 

persistent excess mortality.

Sex-related di�erences in patients with DMR involve underestimation of DMR severity, under treatment of DMR and persistent

excess mortality in females with DMR as compared to males, warranting re-evaluation of sex-speci�c DMR management.
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Degenerative mitral regurgitation due to flail leaflet

Comparison of severe degenerative mitral regurgitation presentation, management, and outcome between males and females. Females vs. males are 
less referred to tertiary care centers, at a later stage of severe degenerative mitral regurgitation (left), display more severe outcome under medical 
management (top middle), and are less referred to mitral repair with later indications (bottom middle) but have similar post-operative outcome 
when operated. They ultimately incur excess overall mortality under medical and surgical management combined, whereas normal life expectancy 
is restored in males (right). Black solid line denotes observed survival, dotted lines 95% confidence interval, and straight line expected survival. MIDA, 
Mitral Regurgitation International Database; SMR, standardized mortality ratio.

Keywords Mitral regurgitation • Mitral valve prolapse • Flail leaflet • Female sex • Outcome

Introduction
Mitral valve prolapse (MVP) is frequent, affecting 0.6%–2.4% of the popu-
lation1 and is the leading cause for primary mitral regurgitation (MR).2

Because MR due to MVP, referred as degenerative MR (DMR), is highly 

repairable,3 with high technical success,4 better outcome than valve re-
placement,5 and improved survival vs. conservative management,6 clinical 
guidelines currently suggest an aggressive surgical approach to severe 
DMR.7,8 In this context, guidelines do not mention whether sex influences 
outcomes and surgical indications.7,8 While substantial differences have 
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been reported in other valvular diseases, specifically aortic bicuspid valve,9

regurgitation,10 or stenosis,11 knowledge pertaining to MR is discordant, 
explaining lack of clear recommendations.

While MR overall,12 and DMR in particular,2 is as frequent in males and 
females in the population, males are overrepresented in surgical series of 
DMR,3,5 raising interrogations on female carriers of DMR. Surgical series 
suggested that females vs. males are referred with more symptoms13,14

and may incur lower repair rates,15 higher operative mortality,14–16

more frequent heart failure (HF),13 and possibly lower post-operative 
survival.15,16 Females with MVP do present anatomically differently 
from males,17 but it remains unclear whether sex per se impacts duration 
of exposure to MR,13 clinical profile at diagnosis,18 and ultimately clinical 
outcome.14,17 Moreover, aforementioned differences in presentation, 
management, and prognosis between sex are often discordant13,16 and 
may have suffered from marked aetiology heterogeneity, whereby 
rheumatic disease13,16 may have skewed results,14 warranting analysis 
in a pure DMR cohort. No data focusing on severe DMR are available 
to date, with analysis starting from referral to tertiary care centers using 
uniform criteria in multicenter registries.

The Mitral Regurgitation International Database (MIDA) multicenter 
registry enrolled patients referred for DMR due to flail leaflets in 
Europe and North America, providing a large population of males and 
females with homogeneous MR cause and long follow-up.19,20 Hence, 
we examined the null hypothesis that males and females with severe 
DMR present at referral with similar clinical and echocardiographic char-
acteristics and enjoy the same surgical management and outcome.

Methods
Study design and patient population
Out of all MIDA registries, the present analysis used the original MIDA-Flail 
registry, which as previously detailed21 is an international collaborative 
registry of consecutive patients referred for DMR due to flail leaflet, con-
firmed by transthoracic echocardiography, in tertiary care centers in 
Europe (Marseille, Amiens, Bologna, Modena, and Brussels) and in the 
USA (Mayo Clinic, Rochester, MN). The MIDA investigators/centers are 
listed in the appendix. Patients were eligible if they had DMR graded ≥  

moderate-to-severe and flail leaflet diagnosed by 2D echocardiography22,23

with comprehensive clinical and echocardiographic evaluation at referral 
within each institution’s echocardiographic laboratory. Exclusion criteria 
were functional MR, ≥moderate mitral stenosis, ≥moderate aortic valve 
disease, previous valvular surgery, congenital heart disease, incomplete or 
unavailable clinical or echocardiographic data, <moderate-to-severe DMR 
at referral, and patients denying research authorization. History of coronary 
disease was not exclusive. The first patient was enrolled on the 21 March 
1980 and the last patient on the 28 December 2005. The original 
MIDA-Flail registry included 2472 patients.21 Patients with missing body 
surface area (BSA) were excluded from the original cohort for the present 
analysis. The study was conducted in accordance with institutional guide-
lines, national legal requirements, and the revised Helsinki Declaration 
with approval by local institutional review boards.

Clinical and echocardiographic evaluation
Baseline clinical variables were obtained from medical records and vital signs at 
echocardiography. Baseline transthoracic echocardiograms were performed 
within routine clinical practice, using standard methods. Left ventricular (LV) 
and left atrial (LA) diameters were recorded, and ejection fraction (EF) was cal-
culated using 2D-guided dimensions, Simpson biplane method, and/or esti-
mated visually. Diagnosis of flail leaflets was based on failure of leaflet 
coaptation, with rapid systolic movement of the flail segment into the 
LA.22,23 Mitral regurgitation severity was graded by integration of all signs/mea-
sures available.19 Data were used unaltered from original prospective 

echocardiographic collection of each centers by electronic transfer. Clinical 
and echocardiographic data were used to calculate the MIDA score for each 
patient [using age ≥ 65 years, New York Heart Association (NYHA) Classes 
III–IV, atrial fibrillation, LA diameter ≥ 55 mm, right ventricular systolic pres-
sure > 50 mmHg, LV end-systolic diameter indexed to BSA ≥ 21 mm/m²,24

and EF < 60%) as point-markers.21

Follow-up
Follow-up started at echocardiographic referral in participating centers until 
study closure or death. During follow-up, patients were monitored by their 
personal physicians, and information was harvested on a 2-year schedule 
basis. Events were ascertained by clinical interviews, detailed question-
naires, review of clinical documents of outside institutions, or by telephone 
calls to physicians and patients. Autopsy records and death certificates were 
consulted as possible for attribution of causes of death. Follow-up was com-
plete in 97.2% of patients until death or at least 5 years post-inclusion. 
Median total follow-up duration was 9.82 years. Last patient date for follow- 
up was 15 May 2013.

Endpoints and statistical analysis
Baseline qualitative data are expressed as numbers and percentages and 
quantitative data as means and standard deviations. Comparison between 
males and females used χ2 test (or Fisher exact test) and Student’s t-test 
(or Mann–Whitney test).

Event incidence rate were estimated using Kaplan–Meier method. Those 
observed under medical management were analysed by censoring at surgery, 
if performed. Those occurring after mitral surgery were estimated with time 
of surgery as time of origin. Those observed during total follow-up, including 
medical management and post-operative course, were estimated using the en-
tire follow-up. For analysis of all-cause mortality, expected survival was esti-
mated using European and US life expectancy tables and comparison of 
observed vs. expected survival was performed by estimating standardized mor-
tality ratios (SMR) with 95% confidence intervals (CI) and by matching compari-
son to year of enrolment. European and US patients were respectively matched 
to European and US life tables. For US patients, US and not Olmsted County life 
tables were used, since US patients were not restricted to Olmsted County re-
sidents but came from all over the USA. For European patients, country-specific 
life tables were used. Data were extracted from the Human Mortality Database, 
Max Planck Institute for Demographic Research (Germany); University of 
California, Berkeley (USA); and French Institute for Demographic Studies 
(France), available at http://www.mortality.org. Univariate and multivariate rela-
tive survival models of excess mortality vs. expected were analysed.

Primary endpoints were mortality and HF under conservative treatment, 
after surgical correction of DMR and throughout follow-up including con-
servative and surgical management. Secondary endpoint was performance 
of mitral surgery during follow-up. Univariable and multivariable Cox mod-
els allowed estimation of crude and adjusted hazard ratios (HR) with 95% 
CI. Female sex was tested as the main variable of interest univariably and 
in multivariable analysis with systematic adjustment for MIDA score and co-
morbidity (Charlson index). Statistical software R Core Team, Foundation for 
statistical computing, Vienna, Austria, version 4.2.2 (2022), www.R-project. 
org/, was used for the present analysis.

Results
Study population
The 2310 patients with moderate-to-severe/severe DMR due to flail leaf-
let were included in five European centers (43% of patients) and 1 
American (57%) and involved 1660 males (72%) and 650 females 
(28%). Overall clinical (Table 1) and echocardiographic (Table 2) charac-
teristics are typical of DMR with age in the sixth decade and correspond-
ing comorbid conditions, frequent symptoms, and ventricular and atrial 
dilatation.

DMR due to flail leaflet according to sex                                                                                                                                                             3
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Comparing males vs. females (Tables 1 and 2), comorbidity, cardio-
vascular (CV) history, and risk factors were similar. However, females 
were older and more frequently referred with severe symptoms and 
HF than males. The trend for more anterior leaflet flail segment and 
lower DMR severity grading in females did not reach statistical signifi-
cance. However, higher systolic pulmonary artery pressure in females 
matched higher HF prevalence. As a continuous variable, ejection frac-
tion (EF) was slightly higher in females, overall in normal range in both 
sexes, with similar ∼1/4 males and females displaying decreased EF. 
Absolute cardiac dimensions (LA and LV) were lower in females with 
lower proportion displaying LV end-systolic diameter ≥ 40 mm. 
However, females presented with higher indexed cavity diameters nor-
malized for BSA. Integrating comorbidity, older age, more frequent 
symptoms, and all echocardiographic characteristics, females presented 
with higher EuroSCORE II and higher MIDA score.

Outcome under conservative 
management
When considering the entire study population (n = 2310 patients) with 
censoring at cardiac surgery for those operated, mean follow-up under 

conservative management was 2.05 ± 3.9 years, not different between 
sexes (P = .98). When considering patients without cardiac surgery 
during follow-up (n = 517), mean follow-up under conservative man-
agement was 5.3 ± 3.7 years, not different between sexes (P = .12).

Mortality
Under conservative management, 396 patients died, 136 females and 
260 males. Five- and 10-year survival rates under conservative manage-
ment are presented in Table 3 (left panel). Excess mortality was ob-
served in females and in men but was more prominent in females 
(Figure 1 and Table 3 left panel). In Cox models, females incurred higher 
mortality under conservative management univariately [female sex HR 
1.34 (1.11–1.68), P = .007] and adjusting for comorbidity (Charlson 
score) and for all risk factors including age, integrated into MIDA score 
[adjusted HR 1.29 (1.04–1.61), P = .02]. Further adjustment to 
angiotensin-converting enzyme (ACE) inhibitors and beta-blockers 
did not affect the impact of female sex on mortality (Supplementary 
data online). Since one-third of patients had moderate-to-severe 
DMR (Grade III), multivariable model was further adjusted to MR grade, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline clinical characteristics of 2310 patients with degenerative mitral regurgitation due to flail leaflet 
according to sex

Clinical data Total population (n = 2310) Males (n = 1660) Females (n = 650) P

Age (years) 67 ± 13 66 ± 13 69 ± 13 <.0001

BSA (m²) 1.86 ± 0.2 1.94 ± 0.2 1.65 ± 0.2 <.0001

Comorbidity

Coronary disease (n, %) 249 (11) 188 (11) 61 (9) .2

Hypertension (n, %) 914 (40) 639 (38) 275 (42) .09

Diabetes (n, %) 168 (7) 116 (7) 52 (8) .4

Infective endocarditis (n, %) 161 (7) 121 (7) 40 (6) .3

Stroke/TIA (n, %) 76 (3) 53 (3) 23 (4) .4

Charlson index 0.91 ± 1.2 0.91 ± 1.3 0.92 ± 1.2 .9

TTE indication (n, %) <.0001

HF symptoms 948 (41) 636 (38) 312 (48)

CV evaluation 708 (31) 564 (34) 144 (22)

Non-cardiac indications 654 (28) 460 (28) 194 (30)

NYHA class <.0001

I–II 1565 (68) 1176 (71) 389 (60)

III–IV 745 (32) 484 (29) 261 (40)

Diuretic treatment (n, %) 777 (34) 506 (30) 271 (42) .0001

Beta-blockers (n, %) 412 (18) 273 (16) 139 (21) .005

ACE inhibitor (n, %) 953 (41) 690 (42) 263 (40) .6

Digoxin treatment (n, %) 554 (24) 371 (22) 183 (28) .003

Atrial fibrillation 709 (31) 496 (30) 213 (33) .2

EuroSCORE II 1.61 ± 1.54 1.54 ± 1.53 1.80 ± 1.56 .0002

BSA, body surface area; TIA, transient ischaemic attack; TTE, transthoracic echocardiography; HF, heart failure; CV, cardiovascular; ACE, angiotensin-converting enzyme.
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which did not affect impact of female sex on mortality (Supplementary 
data online).

Cardiovascular mortality
Under conservative management, 162 deaths were deemed CV, 69 in 
females and 93 in males. Five-/10-year rates of CV mortality were 21 ±  

2%/40 ± 4% in females vs. 12 ± 2%/28 ± 3% in males (P < .001, Figure 2, 
left). Females incurred higher CV mortality univariably [HR 1.88 (1.37– 
2.59), P < .0001] and adjusting for comorbidity and MIDA score 
[adjusted HR 1.58 (1.14–2.18), P = .007]. Further adjustment to ACE 

inhibitors and beta-blockers did not affect the impact of female sex 
on CV mortality (Supplementary data online). Further adjustment to 
MR grade did not affect the impact of female sex on CV mortality 
(Supplementary data online, Data).

Heart failure
Under conservative management, 222 patients developed ≥1 HF 
episode, 77 females and 145 males. Five-/10-year HF rates were 
31 ± 3%/41 ± 4% in females vs. 22 ± 2%/35 ± 3% in males (P = .02; 
Figure 2, right). Females incurred higher HF rates univariably 
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Table 2 Baseline echocardiographic characteristics and Mitral Regurgitation International Database score of 2310 
patients with severe mitral regurgitation due to flail leaflet according to sex

Echocardiographic data Total population (n = 2310) Males (n = 1660) Females (n = 650) P

LVEF (%) 64 ± 10 63 ± 10 65 ± 10 .03

LVEF < 60% (n, %) 556 (24) 412 (25) 144 (22) .16

Flail anterior (n, %) 462 (20) 317 (19) 145 (22) .08

Flail posterior (n, %) 1848 (80) 1343 (81) 505 (78) .18

Degree of DMR (n, %) .2

Moderate-to-severe 850 (37) 597 (36) 253 (39)

Severe 1460 (63) 1063 (64) 397 (61)

LVEDD (mm) 58 ± 7 60 ± 7 55 ± 7 <.0001

LVEDD/BSA (mm/m²) 32 ± 5 31 ± 5 33 ± 5 <.0001

LVESD (mm) 36 ± 7 37 ± 7 33 ± 6 <.0001

LVESD/BSA (mm/m²) 20 ± 4 19 ± 4 20 ± 4 <.0001

LVESD ≥ 40 mm (n, %) 518 (22) 440 (27) 78 (12) <.0001

LVESD ≥ 21 mm/m² (n, %) 599 (26) 378 (23) 221 (34) <.0001

LA (mm) 51 ± 9 51 ± 9 49 ± 9 <.0001

LA/BSA (mm/m²) 28 ± 6 27 ± 5 30 ± 6 <.0001

sPAP (mmHg) 44 ± 17 43 ± 16 46 ± 19 .0002

MIDA score 4.3 ± 3.0 4.0 ± 3.0 5.0 ± 2.9 <.0001

LVEF, left ventricular ejection fraction; DMR, degenerative mitral regurgitation; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LA, left 
atrium diameter; sPAP, systolic pulmonary artery pressure; MIDA, Mitral Regurgitation International Database.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Survival rates in males and females under conservative management (left panel) and during total follow-up 
including conservative and surgical management (right panel) and comparison with expected survival using US and 
European country-specific life tables

Conservative management Total follow-up

Males Females P* Males Females P*

Five-year survival 69 ± 2% 62 ± 3% .007 83 ± 1% 78 ± 1% .009

Ten-year survival 44 ± 3% 39 ± 4% 68 ± 1% 63 ± 2%

Comparison with expected survival (SMR) 1.45 (1.27–1.65)  
P’ < .001

2.00 (1.67–2.38)  
P’ < .001

<.001 0.92 (0.85–0.99)  
P’ = .036

1.31 (1.16–1.47)  
P’ < .001

<.001

SMR, standardized mortality ratio.  
P’, comparison of observed survival to expected. P*, comparison of males vs. females.

DMR due to flail leaflet according to sex                                                                                                                                                             5
D

o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
u
rh

e
a
rtj/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/e

u
rh

e
a
rtj/e

h
a
e
2
6
5

/7
6
7
4
9
5
7
 b

y
 g

u
e
s
t o

n
 2

2
 M

a
y
 2

0
2
4

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae265#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae265#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae265#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae265#supplementary-data


[HR 1.44 (1.08–1.89), P = .01] and adjusting for comorbidity and MIDA 
score [adjusted HR 1.36 (1.02–1.81), P = .04]. Further adjustment to 
ACE inhibitors and beta-blockers did not affect impact of female sex 
on HF (Supplementary data online). Further adjustment to MR 
grade did not affect impact of female sex on HF (Supplementary data 
online).

Surgical management and indications
During follow-up, 1793 patients underwent DMR surgical correction 
(88% repair). Females were less offered surgery (n = 471, 72%) than 
males (n = 1322, 80%, P < .001), had lower associated coronary artery 
bypass (15% vs. 23%, P < .0001), and tended to have less repair than 
males (85% vs. 89%, P = .052). Age at surgery was 67 ± 13 years in 

Figure 1 Comparison of observed to expected survival under conservative management in 650 females (left) and 1660 males (right) with severe 
degenerative mitral regurgitation (DMR) due to flail leaflet. Excess mortality is observed in both sexes but is more prominent in females. Black solid 
line denotes observed survival, dotted lines 95% confidence interval, and straight line expected survival. SMR, standardized mortality ratio

Figure 2 Cardiovascular (CV) mortality (left) and heart failure (HF, right) under conservative management in 2310 patients with severe degenerative 
mitral regurgitation due to flail leaflet according to sex. Females medically followed incur higher CV mortality and HF than males
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females and 64 ± 12 years in males (P < .0001). Supplementary data 
online, Tables S1 and S2, depict baseline clinical and echocardiographic 
characteristics of those 1793 operated patients according to sex. 
Indications for surgery were severe symptoms in 72% of operated fe-
males vs. 57% of operated males (P < .0001). Only 4% of operated fe-
males had surgery for LV dilatation criteria alone vs. 11% of operated 
males (P < .0001). Personal physician preference was the sole indication 
for surgery in 16% of females vs. 23% of males (P < .0001). Five-/10-year 
rates of DMR surgical correction were slightly lower in females (74 ±  

2%/80 ± 2%) than in males (78 ± 1%/86 ± 1%, P = .06) but highly differ-
ent according to functional status at referral. Among Classes III–IV 
patients, EuroSCORE II was similar in females and males (2.18 ± 1.89 
vs. 1.94 ± 1.95, P = .11) as were surgical correction rates within a simi-
lar time frame. Among a-minimally symptomatic patients, rates of sur-
gical correction were much lower and surgery was delayed in females 
(Figure 3), despite a more severe presentation as attested by older 
age, larger cavity diameters indexed to BSA despite lower absolute 
values, higher systolic pulmonary pressure, and higher MIDA score, 
reflecting a more advanced DMR stage in a-minimally symptomatic fe-
males. Of note one-third of a-minimally symptomatic females reached 
or exceeded the threshold of left ventricular end-systolic diameter 
(LVESD) ≥ 21 mm/m² vs. less than one-fourth of a-minimally symptom-
atic males. Lastly, EuroSCORE II was higher in a-minimally symptomatic 
females as compared with a-minimally symptomatic males (1.54 ± 1.23 
vs. 1.37 ± 1.28, P = .02), reflecting this more advanced presentation in 
this subset despite the lack of symptoms. Supplementary data online, 
Tables S3 and S4, depict baseline clinical and echocardiographic charac-
teristics of 1565 a-minimally symptomatic patients (NYHA Classes I–II 
at referral) according to sex. Stratified by functional class, females had 
access to mitral surgery, similar to males when highly symptomatic 
[adjusted HR 0.91 (0.77–1.08), P = .28] but much lower when a-minim-
ally symptomatic [HR 0.81 (0.71–0.93), P = .002] even adjusting for 
comorbidity/MIDA score [adjusted HR 0.87 (0.78–0.97), P = .009].

Post-operative outcome
Operative mortality was 2.1% in females and 1.4% in males (P = .3). Mean 
post-operative follow-up was 7.5 ± 2.8 years, similar between sexes 
(P = .8). During post-operative follow-up, 508 patients died, 144 females 
(44 CV) and 364 males (127 CV). Five-/10-year post-operative survival 
was similar between sexes (88 ± 2%/75 ± 2% in females vs. 89 ± 1%/ 
75 ± 1% in males, P = .7). Female sex was univariately associated with 
post-operative mortality vs. male sex [HR 1.34 (1.07–1.69), P = .01] 
but was not when adjusting for baseline comorbidity/MIDA score 
[adjusted HR 1.21 (0.97–1.55), P = .09]. Post-operatively, 203 patients 
developed HF (67 females and 136 males). Five-/10-year rates of post- 
operative HF were 9 ± 1%/16 ± 2% in females vs. 7 ± 1%/12 ± 1% in 
males (P = .03). Female sex was univariately associated with post- 
operative HF [HR 1.40 (1.02–1.92), P = .03] but did not reach signifi-
cance adjusting for baseline comorbidity/MIDA score [adjusted HR 
1.26 (0.92–1.73), P = .15].

Overall outcome throughout follow-up
Mean total follow-up under conservative and surgical management was 
9.2 ± 5.4 years.

Total mortality
During total follow-up, 904 patients died (280 females and 624 males). 
Five- and 10-year overall survival rates under conservative and surgical 
management are presented in Table 3 (right panel). Excess mortality 
compared with expected remained highly significant in females but 
disappeared in males (Figure 4 and Table 3, right panel). In Cox models, 
female sex was associated with total mortality univariably [HR 1.46 
(1.27–1.70), P < .0001] and remained independently so adjusting for 
comorbidity/MIDA score [adjusted HR 1.35 (1.17–1.57), P < .0001]. 
Further adjustment to time-dependent surgery did not alter the 
negative independent impact of female sex on total mortality 

Figure 3 Cumulative rates of mitral surgery during follow-up in 2310 patients with severe degenerative mitral regurgitation due to flail leaflet accord-
ing to sex and functional class at referral. Rates of surgical correction are similar within the same timeframe between sex in symptomatic patients, 
whereas a- or minimally symptomatic females are less and later offered surgery than a- or minimally symptomatic males
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[adjusted HR 1.26 (1.09–1.46), P = .002], while mitral surgery showed 
an independent protective effect [adjusted HR 0.58 (0.51–0.67), P < 

.0001]. Further adjustment to ACE inhibitors and beta-blockers did 
not affect the impact of female sex on total mortality (Supplementary 
data online). Further adjustment to MR grade did not affect, the impact 
of female sex on total mortality (Supplementary data online).

Total cardiovascular mortality
Overall, 333 patients died from CV cause (113 females and 220 males). 
Five-/10-year rates were 10 ± 1%/17 ± 2% in females vs. 7 ± 1%/13 ±  

1% in males (P = .002). Female sex was associated with total CV mortal-
ity univariably [HR 1.41 (1.13–1.78), P = .003] and remained independ-
ently so adjusting for comorbidity and MIDA score [adjusted HR 1.26 
(1.01–1.58), P = .04]. Further adjustment to time-dependent surgery at-
tenuated the negative independent impact of female sex on CV mortality 
[adjusted HR 1.20 (0.97–1.50), P = .09], while mitral surgery kept a 
strong independent protective effect [adjusted HR 0.26 (0.21–0.33), 
P < .0001]. Further adjustment to ACE inhibitors and beta-blockers 
did not affect the impact of female sex on total CV mortality 
(Supplementary data online). Further adjustment to MR grade did not af-
fect the impact of female sex on total CV mortality (Supplementary data 
online).

Total heart failure
Overall, 425 patients developed at least 1 episode of HF (144 females 
and 281 males). Five- and 10-year rates were 17 ± 2% and 24 ± 2% in 
females vs. 12 ± 1% and 18 ± 1% in males (P < .001). Female sex was 
associated with total HF univariably [HR 1.43 (1.17–1.74), P < .001] 
and adjusting for comorbidity/MIDA score [adjusted HR 1.35 (1.09– 
1.63), P = .006]. Further adjustment to time-dependent surgery did 
not alter the negative independent impact of female sex on total HF 

[adjusted HR 1.32 (1.07–1.61), P = .008], while beneficial impact of mi-
tral surgery was weaker [adjusted HR 0.83 (0.70–1.03), P = .08]. 
Further adjustment to ACE inhibitors and beta-blockers did not affect 
the impact of female sex on total HF (Supplementary data online). 
Further adjustment to MR grade did not affect the impact of female 
sex on total HF (Supplementary data online).

A-minimally symptomatic patients
Restriction of the analysis to a-minimally symptomatic patients (NYHA 
Classes I–II at referral) did not affect the negative impact of female sex 
on overall outcome (Supplementary data online).

Propensity score matching
Propensity score matching between males and females was performed 
using all baseline variables known as outcome risk factors in DMR as 
variables of adjustment, namely age, Charlson score, symptoms, atrial 
fibrillation, MR grade, and LVEF. Cavity diameters and BSA were not in-
cluded due to their sex-specific nature. Propensity score matching re-
sulted in the identification of 635 matched pairs by sex, whose baseline 
characteristics are presented in Supplementary data online, Tables S5 
and S6. While some adjusted HRs did not reach significance due to 
the loss of power linked to the loss of sample size, the trends were 
all similar to those observed in the entire cohort. Female sex HRs are 
presented as Supplementary data online.

Interaction between year of inclusion and 
sex
Only 25% of our cohort was enrolled before 1995. Comparing three 
periods, before 1995, 1995 to 2000, and after 2000, no difference 
was observed in terms of age of patients at referral (P = .09) and sex 
distribution (P = .5). No interaction was observed between inclusion 

Figure 4 Comparison of observed to expected overall survival including conservative and surgical management in 650 females (left) and 1660 males 
(right) with severe degenerative mitral regurgitation due to flail leaflet. Normal life expectancy is restored in males, whereas females still display excess 
mortality despite surgical management. Black solid line denotes observed survival, dotted lines 95% confidence interval, and straight line expected sur-
vival. SMR, standardized mortality ratio
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year ranges and sex regarding symptoms (P = .9), LV end-diastolic 
diameter (P = .61), LV end-systolic diameter (P = .38), LVEF (P = .41), 
LA diameter (P = .6), systolic pulmonary artery pressure (P = .18), 
and EuroSCORE II (P = .75). No interaction was observed between 
year of inclusion and impact of sex on mortality under conservative 
treatment (P = .1), on rates of mitral surgery (P = .14) and on total mor-
tality through all follow-up (P = .9). Further adjustment to date of inclu-
sion in addition to Charlson score and MIDA score in multivariable 
models did not alter the negative impact of female sex on outcome un-
der conservative management, both for mortality [adjusted HR 1.27 
(1.02–1.59), P = .03] and HF [adjusted HR 1.34 (1.01–1.78), P = .04]. 
It did not affect the lower access of females to mitral surgery [adjusted 
HR 0.86 (0.78–0.96), P = .007], neither the negative impact of female 
sex on overall outcome throughout follow-up, both for total mortality 
[adjusted HR 1.25 (1.08–1.45), P = .002] and total HF [adjusted HR 1.29 
(1.05–1.58), P = .01].

Discussion
Our study conducted among 1660 males and 650 females from first re-
ferral for clinically significant DMR due to flail leaflets in US and 
European tertiary care centers shows considerable sex-specific differ-
ences in presentation, management, and outcome. Females are a mi-
nority of patients with DMR due to fail leaflet in tertiary centers and 
are referred at an older age, with more symptoms and more often 
with HF and elevated pulmonary pressure. Females present with smal-
ler hearts and less frequent systolic diameter reaching guideline-based 
thresholds but have more severe cardiac enlargement normalized to 
their smaller BSA. Excess mortality vs. expected under conservative 
management is notable in both sexes but is more pronounced in fe-
males, with excess cardiac mortality/HF independently of comorbidity 
and other determinants of outcome. Females remain longer under 
medical management and are less referred to mitral surgery than males, 
particularly among a-minimally symptomatic patients. Ultimately, these 
differences in presentation and management culminate into major dif-
ferences regarding total prognosis after referral including medical and 
post-operative outcome, as males enjoy normal life expectancy restor-
ation, whereas females display persistent excess mortality and higher 
HF rates despite surgery (Structured Graphical Abstract).

Females with degenerative mitral 
regurgitation
Epidemiological evidence regarding population-based sex-related sus-
ceptibility to DMR, i.e. MR caused by various forms of MVP, is scant.25

The fundamental discordance comes from the reported female pre-
dominance among all carriers of MVP,26 contrasting with surgical3

and medical21 tertiary care series of patients with ‘significant’ DMR dis-
playing large male predominance. This imbalance may be related to 
male sex association with more severe DMR27,28 or to underreferral 
of females with DMR to diagnostic echocardiogram or centers of ex-
pertise. This latter hypothesis is supported by the well-balanced sex dis-
tribution among patients with clinically ‘significant’ MR reported by 
systematic population screening of all-cause MR29 or in population- 
based series of organic MR,2 suggesting that female sex underrepresen-
tation in clinical series is mostly linked to center-of-expertise referral 
after DMR diagnosis.30 Underreferral reasons would be extremely 
complex to analyse, but a possible contributor to referral bias affecting 
females is their ‘small’ heart dimensions despite actual more severe car-
diac remodelling accounting for BSA13,17 as confirmed by the present 

analysis. Referral bias is particularly vexing, since it amplifies undertreat-
ment and thus has considerable implications in DMR management 
and outcome in females.

Degenerative mitral regurgitation 
management and outcome in females
Degenerative mitral regurgitation major management tool is mitral valve 
repair,3,31 which provides improved outcome over valve replacement at 
all ages,5 even in the oldest patients and without sex interaction, making 
the issue of valve repair in females crucial to address.25 Valve repair feasi-
bility in females was reported to be lower in national databases of all-cause 
MR,15 with the caveat of heterogeneity both of surgical expertise accord-
ing to centers and of MR aetiology.16 Conversely, single-expert centers 
suggested similarly achievable repair rates in males and females with 
homogeneous DMR.13,14 In our multicenter setting, we observed slightly 
lower repair procedures in females with DMR due to flail leaflet, unlikely 
responsible for the observed small divergence in post-operative outcome. 
Data on sex-specific post-operative outcome are confusing. Results from 
national databases suggested excess post-operative mortality in females,15

but subsequent single-center studies showed alternatively either excess 
post-operative mortality,16 excess post-operative HF,13 or conversely 
similar outcome,14 in females vs. males. In that regard, our multicenter 
study, enrolling only patients with DMR, showed absolute post-operative 
outcomes slightly lower in females but essentially due to older age, higher 
mitral severity score, and higher risk at referral, since after adjust-
ment for such worse presentation, survival and HF were not signifi-
cantly different. Worse post-operative outcome seems thus not 
intrinsically related to female sex, neither to different repair rates, 
but to their later presentation at a more advanced stage of the dis-
ease.13 Multiple registries have reported improved survival in patients 
treated by early surgery,6,32,33 and clinical guidelines have evolved to 
rank highly mitral surgery indications in asymptomatic patients without 
signs of ventricular dysfunction, at low surgical risk and high repair 
probability.7,8 Our multicenter cohort shows that females and males 
with similar severe HF symptoms at referral are equally and promptly 
sent to mitral surgery, confirming that severe symptoms are unani-
mously accepted as strong surgical signal. Conversely, among patients 
with no or minimal symptoms, females are less and later referred to 
surgery. Yet, clinical and echocardiographic presentation in this subset 
attested a more advanced DMR stage in females despite lack of symp-
toms, consistent with higher EuroSCORE II, which should have been an 
incentive to prompt surgery. This differential management, leaving 
more females subject to DMR risks under medical surveillance, ultim-
ately translates into overall excess mortality in females vs. restoration 
of life expectancy in males. Including mitral surgery as time-dependent 
variable in multivariable models attenuated and but did not suppress the 
negative impact of female sex on overall outcome throughout follow- 
up, reinforcing the hypothesis of delayed referral to tertiary care 
centers where surgery is indicated and of deferred surgical perform-
ance. Lower access to mitral surgery of a-minimally symptomatic fe-
males despite adjustment for comorbidity and all MR-related 
characteristics included in the MIDA score may also suggest contribu-
tion of sex-specific social behaviour since females are often caregivers, 
reluctant to care for themselves.25,34 But more addressable in managing 
females is DMR staging,21,35 with DMR severity being downgraded in 
females despite similar valve lesions or regurgitation assessment.13

The present study is on line with the recent call for research data to 
elucidate sex disparities in DMR management and outcome36 by adding 
new evidence of the risk of misinterpretation of DMR consequences if 
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smaller BSA of females is not accounted for.13,17 Irrespective, sex- 
specific care needs to address all these factors to homogenize DMR 
management between males and females and promptly correct excess 
mortality and excess HF endured by females with DMR.

Clinical implications
Females with severe MR are underrepresented among patients to whom 
surgical treatment is offered, likely because the seriousness of their valve 
disease may be underestimated.13 Systematic use of BSA-adjusted cavity 
diameters, accepted for aortic regurgitation, has not been implemented 
for DMR in recent guidelines,7,8 despite the reported prognostic value of 
indexed LVESD.24 Quantitative DMR assessment by regurgitant orifice 
area and volume37,38 should be performed as recommended by current 
guidelines.7,8

Limitations
Retrospective identification of patients with DMR may be considered 
a limitation, but all assessment/measurements were performed pro-
spectively at baseline, with uniform diagnosis, in a multicenter, con-
secutive process, allowing gathering a very large cohort providing 
unique insights regarding females with DMR. This large cohort extends 
considerably preliminary data in community/tertiary populations39

and provides crucial new information on excess mortality in females. 
Extensive follow-up of all individuals from community diagnosis to ul-
timate expert centers/intervention referral, to elucidate subtle me-
chanisms underpinning referral biases/undertreatment affecting 
females with DMR, would be unrealistic. Negative outcome impact 
of female sex was inferred from adjustment of multivariable models 
to all widely acknowledged variables impacting outcome included in 
the MIDA score and Charlson comorbidity score. Adjustment to 
B-type natriuretic peptide (BNP) level could not be performed since 
serum BNP level was not available. However, its use is not recom-
mended for DMR management in current guidelines.7,8 The wide 
timeframe of enrolment exposes to changes in echocardiographic 
practices, but the election of flail leaflet in the MIDA registry,19 as in 
the first seminal outcome studies dedicated to primary MR,23 is widely 
accepted as a pertinent surrogate for severe primary MR23 and in-
cluded in the recommended integrative grading.40 It also exposes to 
evolution with time of clinical practices but which appeared to apply 
equally to males and females as no interaction was observed between 
year of inclusion, sex-related specificities of clinical and echocardio-
graphic presentation of DMR, and female sex impact on outcome. 
Likewise, forcing into multivariable models, the period of patients’ in-
clusion did not alter neither the negative impact of female sex on out-
come nor the lower access of females to mitral surgery similarly 
observed throughout all timespan of inclusion. Remote last date of 
follow-up can be perceived as restraining the applicability of our 
data to current practice and limiting outcome analysis, but it was an 
a priori decision not to renew follow-up at a more recent date. 
Indeed, since study closure, no sex-specific guidelines mentioned sex- 
specific DMR management making unlikely significant changes in routine 
practice capable to alter the outcome penalty observed in females. In 
addition, recalling patients for follow-up would have added deaths to 
the count but almost exclusively after 10 years of follow-up, while the 
difference between males and females in terms of outcome was mostly 
observed within the first years of follow-up and sustained afterwards 
with all differences established at 5 years. Due to these facts, and the con-
siderable and quite complete follow-up up to 10 years, it appeared 

unessential to engage into a renewed follow-up collection that would 
have added few to the present results.

Conclusion
Females with DMR due to fail leaflet represent a minority of DMR pa-
tients referred to tertiary centers at an older age and with a more ad-
vanced DMR stage than males. Despite this serious presentation, 
females remain longer under medical management, are less referred 
to mitral repair, and incur higher excess mortality under medical man-
agement vs. males. While feasibility of valve repair is only slightly lower 
in females and post-operative survival and HF are not independently 
linked to sex, the overall outcome is profoundly affected by the risks 
incurred under medical management. Encompassing all phases of 
follow-up, males enjoy restoration of their life expectancy, while fe-
males continue to incur excess mortality despite surgical management. 
These data represent an urgent call to apply the current guideline-based 
trend towards early surgery for DMR, particularly in females, in order 
to provide all patients with optimized outcomes.

Supplementary data
Supplementary data are available at European Heart Journal online.
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