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Aims In patients with degenerative mitral regurgitation (DMR), left ventricular (LV) dysfunction is associated with increased

risk of heart failure and excess mortality. LV end-systolic diameter (LVESD) is an established trigger for intervention,

yet recommended LVESD thresholds apply poorly to patients with small body size. Whether LV normalization to

body surface area (BSA) may be used as a trigger for DMR correction is unknown. We examined the link between

LVESD index (LVESDi) and outcome in DMR to identify appropriate thresholds for excess mortality.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods

and results

This study focuses on 2753 consecutive patients with DMR due to �ail lea�ets diagnosed in tertiary centres from

Europe and the United States, with prospective echocardiographic measurement of LVESD and BSA and long-term

follow-up. The primary endpoint was mortality after diagnosis under conservative management. Secondary endpoints

were mortality under conservative and surgical management and postoperative mortality of patients who underwent

surgery. The optimal LVESDi cut-off for mortality prediction was 20mm/m2. Irrespective of management type,

10-year survival was lower with LVESDi ≥20mm/m2 than with LVESDi <20mm/m2 (both p< 0.001). After covariate

adjustment, LVESDi ≥20mm/m2 was independently predictive of mortality under conservative management (adjusted

hazard ratio [HR] 1.41, 95% con�dence interval [CI] 1.15–1.75), and with conservative and surgical management

(adjusted HR 1.34, 95% CI 1.17–1.54). LVESDi remained associated with poorer postoperative outcome in patients

who underwent intervention. LVESDi showed higher incremental predictive value over the baseline model compared

to LVESD. The association between LVESDi ≥20mm/m2 and outcome was consistent in subgroups of patients with

DMR.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusions In severe DMR due to �ail lea�ets, LVESDi is a marker of risk additive and incremental to LVESD. Its use in clinical

practice should lead to earlier referral to mitral valve surgery and improved long-term outcome.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Introduction

In degenerative mitral regurgitation (DMR), left ventricular (LV)

enlargement results from chronic volume overload, and is associ-

ated with increased risk of heart failure, arrhythmia and mortality.

US and European guidelines advocate mitral valve surgery (MVS)

in patients with DMR and signi�cant LV enlargement and/or sys-

tolic dysfunction. The 40mm LV end-systolic diameter (LVESD)

cut-point is currently a well established trigger for intervention in

patients with severe primary mitral regurgitation (MR).1,2 Because

body size in�uences chamber dimensions, body surface area (BSA)

indexation is commonly used to reduce LV dimension variabil-

ity. Despite this logical approach, previous studies focused essen-

tially on non-indexed LVESD.3–7 Evidence on the use of LVESD

index (LVESDi) in DMR is scarce7 and current guidelines do not

recommend any BSA-indexed LVESD cut-point for the timing

of MVS.1,2

We aimed to establish the link between LVESDi and outcome

in patients with DMR and identify the best cut-off that predicts

mortality.

Methods
All participating centres provided institutional review board approval.

The study was conducted in accordance with institutional policies,

national legal requirements, and the revised Helsinki Declaration. The

MIDA registry systematically merged the consecutive experience with

DMR by �ail lea�ets of six tertiary centres: two in France (Amiens,

Marseille), two in Italy (Bologna, Modena), one in Belgium (Brussels),

and one in the United States (Mayo Clinic, Rochester, MN). The

methodology has been previously reported.7 Brie�y, patients were

included in the registry between 1980 and 2005 if the following criteria

were met: (i) transthoracic echocardiographic diagnosis of DMR by �ail

lea�ets; (ii) comprehensive clinical/instrumental evaluation at baseline

echocardiography; (iii) exclusion of ischaemic MR; (iv) absence of

moderate/severe aortic valve disease, pericardial/congenital diseases,

mitral stenosis, or prior valve surgery; and (v) absence of denial of

research authorization. LV dimensions were assessed from parasternal

views by M-mode measurements at end-diastole and end-systole or

by two-dimensional measurements when M-mode measurements were

inadequate.

The primary endpoint was mortality after diagnosis under con-

servative management. Secondary endpoints were mortality under

conservative and surgical management (irrespective of the man-

agement received), and postoperative mortality of patients who

underwent MVS. For the analysis under conservative management,

patients who underwent MVS were censored as non-events at the

time of surgery. The study of mortality under conservative and surgical

management used the entire follow-up and the total number of events

(deaths) and multivariable analyses were systematically adjusted for

MVS as a time-dependent covariate. Mean overall follow-up was

8.4± 5.1 years and was 98% complete. Events were ascertained by

clinical interviews and/or telephone calls to physicians, patients, and

(if necessary) next of kin. Medical treatment was left at the discretion

of the patients’ attending cardiologist and therefore was not standard-

ized. Modi�cations of pharmacological therapy were not recorded

during follow-up. In each centre, MVS was indicated by the attending

cardiologist after taking into consideration patient’s preference, the

opinion of the local heart team and practice guidelines. ..
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.. Continuous variables were expressed as mean ±1 standard

deviation and compared with Student’s t-tests. Categorical variables

were summarized as frequency percentages and analysed by �2 tests.

The optimal LVESDi cut-point for survival was established by the

maximally selected rank statistics and by inspection of the spline curve

graph (maxstat and termplot packages in R, R Foundation, Vienna,

Austria). Estimated survival rates± 1 standard errors were deter-

mined using the Kaplan–Meier estimator and compared by two-sided

log-rank tests. Mortality analyses were performed using Cox pro-

portional hazards models with LVESDi in continuous and binary

form. Comorbidity was assessed by the European System for Cardiac

Operative Risk Evaluation (EuroSCORE) II. Multivariable models were

adjusted for age, sex, comorbidity and covariates of prognostic impact

(symptoms, atrial �brillation at baseline, coronary artery disease, and

MVS). To assess the additive prognostic value of LVESD and LVESDi,

we evaluated the ability of each parameter to improve the prediction

of death by comparing the additional increase of the �2 value of

the combined model over the baseline model. For the analysis of

outcome under conservative management, patients were censored at

the time of MVS if performed. For the analysis of overall survival, MVS

was treated as a time-dependent variable. Subgroup analyses were

conducted by means of Cox analyses with interaction tests.

Results

The baseline characteristics of the 2753 patients by LVESDi are

presented in Table 1. The optimal LVESDi cut-off for mortality

prediction was 20mm/m2 (M statistic 6.07, p< 0.0001). This was

con�rmed by inspection of the spline curve graph (Figure 1A).

Patients with LVESDi ≥20mm/m2 tended to be older, less often

males, had lower body mass index and BSA, and more severe symp-

toms than patients with LVESDi <20mm/m2. Patients with LVESDi

<20mm/m2 had less often coronary artery disease and atrial �bril-

lation, greater LV ejection fraction, less left atrial enlargement, and

lower levels of pulmonary pressures (Table 1).

Under conservative management, 10-year survival was substan-

tially lower with LVESDi ≥20mm/m2 than with LVESDi <20mm/m2

(32± 4% vs. 54± 3%, p< 0.001; Figure 1B). After adjustment for

age, sex, and comorbidity, LVESDi ≥20mm/m2 was independently

predictive of mortality under conservative management (adjusted

hazard ratio [HR] 1.47, 95% con�dence interval [CI] 1.19–1.81;

p< 0.001). Further adjustment for symptoms, atrial �brillation,

and coronary artery disease did not modify the strength of this

association (Table 2). Similar results were obtained with LVESDi

modelled as a continuous variable (Table 2). LVESDi showed higher

incremental predictive value over the baseline model (including

age, sex, EuroSCORE II, symptoms, atrial �brillation, and coronary

artery disease) compared to LVESD (additional value of the �2 of

the model: 8.59 for LVESDi, p= 0.003; 3.21 for LVESD, p= 0.025).

The mortality effect of LVESDi ≥20mm/m2 was consistently

observed in subgroups of patients with DMR (Figure 2). There was

no interaction between sex and the outcome impact of LVESDi

≥20mm/m2 (adjusted p for interaction 0.47).

To analyse the outcome of patients according to the LVESD

and LVESDi cut-point values, we delineated three subgroups of

patients: subgroup 1, LVESD ≥40mm (685 patients); subgroup

2, LVESD <40mm and LVESDi ≥20mm/m2 (446 patients); and

© 2024 European Society of Cardiology.
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Indexed ESD in DMR 3

Table 1 Baseline characteristics of 2753 patients with degenerative mitral regurgitation due to �ail lea�ets by left

ventricular end-systolic diameter index

Variable LVESDi<20mm/m2

(n=1719)

LVESDi≥20mm/m2

(n=1034)

p-value

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

Age, years 65.9±12.9 66.7±13.9 0.13

Body surface area, m2 1.93± 0.22 1.80± 0.21 <0.001

Body mass index, kg/m2 26.2± 4.4 24.1± 3.9 <0.001

Male sex, n (%) 1314 (76.4) 677 (65.5) <0.001

NYHA class, n (%) <0.001

I 749 (43.6) 353 (34.1)

II 592 (34.4) 322 (31.1)

III 287 (16.7) 263 (25.4)

IV 91 (5.3) 96 (9.3)

Coronary artery disease, n (%) 258 (15.0) 188 (18.2) 0.029

Hypertension, n (%) 701 (40.8) 386 (37.3) 0.07

Diabetes mellitus, n (%) 118 (6.9) 81 (7.8) 0.35

Dyslipidaemia, n (%) 616 (35.8) 359 (34.7) 0.55

Infective endocarditis, n (%) 73 (4.2) 54 (5.2) 0.24

EuroSCORE II, % 1.18±1.05 1.54±1.54 <0.001

Atrial �brillation, n (%) 347 (20.0) 289 (27.9) <0.001

LV end-diastolic diameter, mm 56.1± 6.0 62.0± 7.5 <0.001

LVESD, mm 32.7± 4.6 41.4± 6.8 <0.001

LVESDi, mm 16.9± 1.9 23.0± 3.1 <0.001

Ejection fraction, % 67.4± 7.1 58.6±11.2 <0.001

Left atrial diameter, mm 48.9± 7.3 52.1± 9.4 <0.001

Systolic pulmonary pressure, mmHg 42.3±16.6 44.2±17.3 0.015

Severe DMR, n (%) 1600 (93.1) 978 (94.6) 0.58

ACEI/ARB, n (%) 804 (46.8) 455 (44.0) 0.16

Beta-blockers, n (%) 535 (31.1) 305 (29.5) 0.39

Diuretics, n (%) 650 (37.8) 451 (43.6) 0.002

Oral anticoagulants, n (%) 588 (34.2) 359 (34.7) 0.24

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; DMR, degenerative mitral regurgitation; EuroSCORE, European System for Cardiac Operative Risk Evaluation; LV, left

ventricular; LVESD, left ventricular end-systolic diameter; LVESDi, left ventricular end-systolic diameter index; NYHA, New York Heart Association.

Figure 1 (A) Association between left ventricular end-systolic diameter index (LVESDi) and the risk of mortality under conservative

management. Hazard ratio (solid line) and 95% con�dence intervals were estimated in a Cox multivariable model with left ventricular

end-systolic diameter represented as a spline function and adjusted for age, sex, and comorbidity. (B) Survival curves by LVESDi under

conservative management.

© 2024 European Society of Cardiology.

 1
8

7
9

0
8

4
4

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/ejh

f.3
3

9
3

 b
y

 U
n

iv
ersite D

e P
icard

ie, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

2
/0

7
/2

0
2
4
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



4 C. Tribouilloy et al.

Table 2 Relative risk of death associated with left ventricular end-systolic diameter index in patients with

degenerative mitral regurgitation due to �ail lea�ets – results of Cox analyses

Conservative

managementa
Conservative and surgical

managementb
Postoperative

outcomea
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Model HR (95% CI) p-value HR (95% Cl) p-value HR (95% Cl) p-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LVESDi≥20mm/m2

Unadjusted 1.84 (1.50–2.25) <0.001 1.36 (1.19–1.55) <0.001 1.23 (1.03–1.48) 0.024

Adjusted for age, sex and

comorbidity

1.47 (1.19–1.81) <0.001 1.29 (1.13–1.48) <0.001 1.21 (1.02–1.45) 0.035

Adjusted for age, sex,

comorbidity, symptoms,

CAD and AF

1.41 (1.15–1.75) <0.001 1.34 (1.17–1.54) <0.001 1.19 (1.01–1.43) 0.048

Per 1-mm increment in LVESDi

Unadjusted 1.09 (1.06–1.12) <0.001 1.06 (1.05–1.08) <0.001 1.06 (1.04–1.08) <0.001

Adjusted for age, sex and

comorbidity

1.06 (1.04–1.09) <0.001 1.05 (1.03–1.07) <0.001 1.05 (1.02–1.07) <0.001

Adjusted for age, sex,

comorbidity, symptoms,

CAD, and AF

1.05 (1.02–1.07) 0.002 1.04 (1.02–1.06) <0.001 1.04 (1.01–1.06) 0.002

AF, atrial �brillation; CAD, coronary artery disease; CI, con�dence interval; EuroSCORE, European System for Cardiac Operative Risk Evaluation; HR, hazard ratio; LVESDi,

left ventricular end-systolic diameter index.
aAnalyses of outcome under conservative management and postoperative outcome included age, sex, EuroSCORE II, presence of symptoms at baseline, AF at baseline, and

history of CAD as covariates.
bAnalysis of outcome with conservative and surgical treatment included the above-mentioned covariates and mitral valve surgery as time-dependent covariate.

Figure 2 Hazard ratio and 95% con�dence interval (CI) for risk of mortality associated with left ventricular end-systolic diameter index

≥20mm/m2 in subgroups of patients with degenerative mitral regurgitation. BSA, body surface area; EF, ejection fraction; EuroSCORE, European

System for Cardiac Operative Risk Evaluation; NYHA, New York Heart Association; sPAP, systolic pulmonary artery pressure. Obesity is de�ned

as a body mass index ≥30 kg/m2.

© 2024 European Society of Cardiology.

 1
8

7
9

0
8

4
4

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/ejh

f.3
3

9
3

 b
y

 U
n

iv
ersite D

e P
icard

ie, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

2
/0

7
/2

0
2
4
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



Indexed ESD in DMR 5

subgroup 3, LVESD <40mm and LVESDi <20mm/m2 (1622

patients). Compared to LVESD ≥40mm, patients with LVESD

<40mm and LVESDi <20mm/m2 were older, had slightly lower

BSA, higher prevalence of female sex, less severe symptoms,

lower frequency of coronary artery disease and atrial �brillation,

lower EuroSCORE II, lower degree of left atrial enlargement,

higher ejection fraction, and lower pulmonary pressure (all

p< 0.05) Patients with LVESD <40mm and LVESDi ≥20mm/m2

represented approximately 16% of the study population and were

older, women in the vast majority, with lower body mass index

and BSA, had less left atrial enlargement, and higher ejection

fraction than patients with LVESD ≥40mm (all p< 0.001). Under

conservative management, patients with LVESD <40mm and

LVESDi ≥20mm/m2 had similar 10-year survival compared to

patients with LVESD ≥40mm (34.6± 5% and 32.4± 5%, respec-

tively; p= 0.47). Compared to the two other groups, 10-year

survival was signi�cantly higher for patients with LVESD <40mm

and LVESDi <20mm/m2 (10-year survival: 53.5± 3%, p-values for

both comparisons < 0.001). Survival under medical management

analysis in the three groups is presented in Figure 3 showing the

Kaplan–Meier analysis demonstrating superior survival among

patients with neither LVESD ≥40mm nor LVESDi ≥20mm/m2,

con�rmed in multivariable analysis indicated by the low adjusted

HR in this group, while no signi�cant difference was noted between

groups with either LVESD ≥40mm or LVESD <40mm and

LVESDi ≥20mm.

For the analysis of outcome with conservative and surgical man-

agement, 10-year survival was 64± 2% with LVESDi ≥20mm/m2

and 72± 1% with LVESDi <20mm/m2 (p< 0.001). After covariate

adjustment, LVESDi ≥20mm/m2 and LVESDi in continuous form

independently predicted mortality with conservative and surgical ..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
.. management (Table 2). Outcome prediction of LVESDi was not

impacted by sex (adjusted p for interaction 0.15).

During follow-up, 2169 patients (78.8%) eventually underwent

MVS and in 1739 patients (80%) MVS was performed within

6months after diagnosis. Mitral valve repair was performed in

about 90% of patients who underwent intervention (p= 0.77

for LVESDi <20mm/m2 vs. ≥20mm/m2). MVS analysed as a

time-dependent covariate was associated with marked mortality

reduction during follow-up (adjusted HR 0.34, 95% CI 0.28–0.42,

p< 0.001). The bene�cial effect of surgery was of comparable

magnitude in patients with LVESDi <20mm/m2 and in patients

with LVESDi ≥20mm/m2 (adjusted p for interaction 0.30). For

post-surgical outcome, LVESDi ≥20mm/m2 remained predictive

of postoperative mortality (adjusted HR 1.19, 95% CI 1.01–1.43,

p= 0.048; Table 2). LVESDi ≥20mm/m2 impacted postoperative

outcome similarly in both sexes (adjusted p for interaction 0.13).

Patients with LVESDi ≥20mm/m2 who underwent MVS within

6months after diagnosis exhibited better long-term outcome

compared to those in whom MVS was subsequently performed

(adjusted HR 1.46, 95% CI 1.04–2.03, p= 0.027).

Discussion

Degenerative MR bene�ts from wide applicability of valve repair,

surgical mostly, but also transcatheter for high-risk patients,1 but

unfortunately remains profoundly undertreated. Medical thera-

pies for severe chronic DMR have shown inconsistent results.

Angiotensin-converting enzyme inhibitors, angiotensin receptor

blockers and beta-blockers are not recommended for the preven-

tion of LV dysfunction or to delay surgery in chronic severe DMR

with normal blood pressure. In such patients, pharmacological

Figure 3 Survival curves of patients strati�ed by left ventricular end-systolic diameter (LVESD) and LVESD index (LVESDi) cut-point values

(40mm and 20mm/m2) under conservative management. EuroSCORE II, European System for Cardiac Operative Risk Evaluation. *Adjustment

for age, sex, EuroSCORE II, presence of symptoms at baseline, atrial �brillation at baseline, and history of coronary artery disease.

© 2024 European Society of Cardiology.
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therapy may obscure symptoms and lead to missed opportunities

of timely valve surgery. Conversely, patients with severe DMR

presenting with overt LV systolic dysfunction and/or symptoms

of heart failure require pharmacological treatment as per guide-

lines and prompt rescue mitral surgery. Nevertheless, patients

with severe DMR who undergo valve surgery according to LV

function class I recommendations (ejection fraction <50%) incur

unacceptable risk of postoperative LV dysfunction, heart failure

and reduced life expectancy compared to the general population.

The ongoing search of markers and thresholds of risk under

conservative management is therefore directed to optimize timing

of intervention and improve postoperative outcomes. Whether

medical therapy after mitral valve repair improves the outcome

of patients with overt LV dysfunction has not yet been tested in a

clinical trial and remains a relevant question.

Clinical guidelines provide as a class I trigger for surgery the

LV end-systolic dimension1 which re�ects its fundamental link to

myocardial contractility and to long-term DMR prognosis.3–7 How-

ever, absolute LVESD use may cause bias directed to patients with

low body size, particularly women.8 Clinical guidelines have incor-

porated LVESD indexed to BSA for aortic regurgitation as it has

long been demonstrated to be associated with outcome. LVESDi

>25mm/m2 is therefore an established trigger for intervention in

patients with aortic regurgitation. Conversely, absent proof that in

patients with DMR, LVESDi is associated with outcome, prevented

its incorporation in clinical guideline triggers for DMR correction.

The present effort addresses this gap of evidence. Indeed,

the 20mm/m2 LVESDi cut-point shows good outcome predictive

ability and better prognostic performance compared to LVESD.

LVESDi may be especially interesting in women and in patients

with small body size who display less absolute cardiac cham-

ber enlargement despite considerable volume overload. LVESDi

allows further strati�cation of patients with LVESD <40mm into

a high risk group (LVESDi ≥20mm/m2) with outcome similar to

that of LVESD ≥40mm and a group with lower risk (LVESDi

<20mm/m2). Patients who experience progressive chamber dilata-

tion with LVESDi reaching 20mm/m2 should be referred to early

surgery to improve overall prognosis. The results of this study doc-

umenting the link between LVESDi and long-term outcome support

its use for risk prediction and for timing of DMR surgical or inter-

ventional correction.

While in the present study clinical and non-echocardiographic

data were obtained by retrospective review of medical records,

echocardiographic data were prospectively collected, which should

reassure about potential biases. Also, this study is not a clinical trial,

as clinical consecutive cohorts are best suited to de�ne long-term

outcome under medical management and are similar in design

to all studies that led to inclusion of class I triggers for DMR

correction1 This study used ‘�ail lea�et’ as a surrogate for severe

MR. According to guidelines,9–11 the presence of a “�ail lea�et”

is a speci�c sign of severe MR. Although prominent �ail usually

is associated with severe MR, not all �ail lea�ets are associated

with severe MR, and not all patients in this study were felt, at

the time of echocardiography interpretation, to have severe MR.

Indeed, in our study, 94% of patients were classi�ed as severe

MR (grade 4) and 6% as moderate-to-severe MR (grade 3), using ..
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..
.. an integrative echocardiographic evaluation. Moreover, the �nal

grading of DMR does not impact the results of our study, as

LVESDi ≥20mm/m2 affects similarly survival under conservative

management in those graded as severe MR (5-year survival: 58± 3%

vs. 72± 2%, p< 0.001) and in those graded less than severe (5-year

survival: 63±12% vs. 81± 5%, p= 0.02). Thus, we do not believe

that our use of �ail lea�et as a surrogate for severe DMR represents

a bias versus guidelines or versus the hypothesis examined in the

present study. Although surgical methods to repair the mitral valve

have evolved during the study period, all studies consistently show

superiority of valve repair over replacement.12

Conclusion

In patients with severe DMR by �ail mitral valve lea�ets, the

20mm/m2 LVESDi cut-point is a marker of risk additive and incre-

mental to LVESD and demonstrates signi�cant and independent

outcome prediction after diagnosis. Its use in clinical practice

should lead to earlier referral to MVS and improved long-term out-

come.

Con�ict of interest: none declared.
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