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Aims

In degenerative mitral regurgitation (DMR), lack of mortality scores predicting death favours misperception of
individual patients’ risk and inappropriate decision-making.

...................................................................................................................................................................................................
Methods and
The Mitral Regurgitation International Database (MIDA) registries include 3666 patients (age 66 ± 14 years; 70%
males; follow-up 7.8 ± 5.0 years) with pure, isolated, DMR consecutively diagnosed by echocardiography at tertiary
results
(European/North/South-American) centres. The MIDA Score was derived from the MIDA-Flail-Registry (2472 patients with DMR and flail leaflet-Derivation Cohort) by weighting all guideline-provided prognostic markers, and
externally validated in the MIDA-BNP-Registry (1194 patients with DMR and flail leaflet/prolapse-Validation
Cohort). The MIDA Score ranged from 0 to 12 depending on accumulating risk factors. In predicting total mortality
post-diagnosis, the MIDA Score showed excellent concordance both in Derivation Cohort (c = 0.78) and Validation
Cohort (c = 0.81). In the whole MIDA population (n = 3666 patients), 1-year mortality with Scores 0, 7–8, and
11–12 was 0.4, 17, and 48% under medical management and 1, 7, and 14% after surgery, respectively (P < 0.001).
Five-year survival with Scores 0, 7–8, and 11–12 was 98 ± 1, 57 ± 4, and 21 ± 10% under medical management and
99 ± 1, 82 ± 2, and 57 ± 9% after surgery (P < 0.001). In models including all guideline-provided prognostic markers
and the EuroScoreII, the MIDA Score provided incremental prognostic information (P <_ 0.002).

...................................................................................................................................................................................................
Conclusion
The MIDA Score may represent an innovative tool for DMR management, being able to position a given patient

within a continuous spectrum of short- and long-term mortality risk, either under medical or surgical management.
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This innovative prognostic indicator may provide a specific framework for future clinical trials aiming to compare
new technologies for DMR treatment in homogeneous risk categories of patients.
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Introduction

Methods
A fully detailed ‘Methods’ section is available as Supplementary material
online, whereas a more concise version is reported below.

Study design
The Mitral Regurgitation International DAtabase (MIDA) registries were
created by systematically merging a series of prospectively assembled
electronic institutional echocardiographic databases, each originally
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Mitral repair
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Percutaneous mitral repair

•

Percutaneous mi-

generated to optimize echocardiographic reporting (see Appendix). All
patients provided prior informed consent for anonymous publication of
their clinical data; the study was conducted in accordance with institutional guidelines, national legal requirements, and the revised Helsinki
declaration. The present reporting complies with the TRIPOD statement
and dedicated tutorials.17 18

General inclusion/exclusion criteria of the
MIDA registries
All MIDA registries share analogous general eligibility criteria: (i) inclusion
of consecutive patients with primary DMR by transthoracic echocardiography; (ii) availability of a comprehensive clinical/instrumental evaluation
at index echocardiography; (iii) exclusion of secondary (functional) mitral
regurgitation of any aetiology, ischaemic regurgitation, significant concomitant aortic disease, mitral stenosis, active endocarditis, congenital
diseases, prior valve surgery.

Derivation Cohort
Patients analysed in the Derivation Cohort were those included in the
MIDA-Flail Registry encompassing 1/1/1980 to 12/31/2005.15 Patients enrolled in the MIDA-Flail Registry fulfilled the general inclusion/exclusion
criteria of the MIDA registries, but, as an additional requirement, they all
received a diagnosis of DMR and flail leaflets.

Validation Cohort
The Validation Cohort consists of consecutive patients enrolled in the
MIDA-BNP Registry, encompassing 1/1/2000 to 31/12/2013.16 The
MIDA-BNP Registry fulfils the general inclusion/exclusion criteria of the
MIDA registries, but it additionally requires -as a specific inclusion criterion- a blood sample collection. The diagnosis of flail leaflets is not mandatory for the MIDA-BNP Registry, and both DMR and mitral valve
prolapse or DMR and flail leaflets can be included. By study design, patients could be part of only one of the two cohorts.

Echocardiography
Echocardiographic data were analysed as collected at the time of echocardiography19 without subsequent modification. The severity of DMR
was based on the final diagnosis reported in the original echocardiographic report, which was performed by integrating all recorded echocardiographic parameters.12,13,20

Statistical analysis
Prognostic markers analysed to create the MIDA Score were selected on
the basis of their known link to outcome in DMR and their guidelinebased mention as a potential trigger for surgery (i.e. age >_65 years, left
atrial diameter >_55 mm, ejection fraction <_60%, left ventricular endsystolic diameter >_40 mm, heart failure symptoms, atrial fibrillation, and
right ventricular systolic pressure >50 mmHg).11–13
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Mitral regurgitation is a public health problem, as the most frequent
valvular disease1 leading to frequent referrals, hospitalizations, and
cardiac surgery,2 and its burden is expected to increase with ageing
of the population.1 Degenerative mitral regurgitation (DMR) with mitral valve prolapse is the most frequent organic mitral regurgitation
and the most repairable, but it is often undertreated in routine clinical
practice.3 This prevalent under treatment in both Europe and North
America has multiple causes,4 but is favoured by sub-optimal risk assessment.2 In DMR, individual risk factors have been identified5–11
and endorsed by clinical guidelines.12,13 However, while guidelines
strongly recommend a combination of those risk factors in an integrated process,12,13 there has so far been no attempt at deriving and
validating a risk score satisfying such unmet need. The lack of an integrated risk score usable at diagnosis contrasts with the availability of
surgical risk scores,14 which are nevertheless instrumental mainly in
surgical decisions. Current unavailability of a mortality score in DMR
should not be surprising, since very large cohorts of patients with uniform diagnosis and comprehensive clinical data are required, warranting multi-centre collaboration to obtain separate cohorts for the
derivation and validation process (the two mandatory steps to obtain
a score and to make it applicable to daily practice). The international
MIDA registries15,16 provide the unique opportunity to analyse a
comprehensive set of risk markers (prospectively and homogeneously collected) in an integrated manner, allowing derivation and
subsequent external validation of a MIDA Score specifically applicable
to DMR.
Accordingly, we aimed at developing a risk score easily derivable
from routinely collected clinical/echocardiographic parameters
endorsed by guidelines and at validating this score externally. We
also wanted to verify the hypothesis that a user-friendly MIDA mortality score is independently and incrementally predictive of shortand long-term survival after diagnosis of DMR. In summary, we aimed
at providing for the first time a tool able to position a given patient
within a continuous spectrum of mortality risk whether assigned to
surgical treatment or to continuing medical therapy.

•
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Study end points and follow-up
The primary end point was long-term survival. The secondary end
point was 1-year survival. Outcome was ascertained by investigators
blinded to baseline predictors of outcome. The follow-up was
completed up to death, end of the study or at least 5 years in 3322
(91%) patients.

Competing risk models and development of
the MIDA Score

Table 1

Missing data
Since some variables may not have been detectable (e.g. systolic pulmonary pressure in the absence of tricuspid regurgitation), the main analysis
was based on the clinical principle that absent or missing variables are
counted as negative. As an additional analysis, multiple imputation was
used to generate 10 data sets and then to average the results.

Predictive ability of the MIDA Score for
1-year mortality
Association of the MIDA Score with 1-year mortality was analysed with a
logistic regression model in the Derivation Cohort and validated for the
Validation Cohort. The C-statistic (Somer’s D) was used to examine the
predictive power of the score in the Validation Cohort.

Results
Baseline characteristics and MIDA Score
in the Derivation Cohort
Baseline characteristics of 2472 patients included in the Derivation
Cohort are summarized in Table 1 (left column). Flail leaflet was idiopathic in 2301 (93%) patients, caused by healed endocarditis in 171
(7%). Involvement was confined to the posterior leaflet in 1956
(79%) patients and to the anterior leaflet in 346 (14%), while both
leaflets were involved in 170 (7%) patients.
During follow-up (9.2 ± 5.4 years), 960 deaths occurred (390
under medical management). Overall survival at 10 years was
68 ± 1% (56 ± 2% in patients symptomatic at diagnosis).
At univariate analysis, symptom presence, ejection fraction <_60%,
left-ventricular end-systolic diameter >_40 mm, atrial fibrillation presence, right ventricular systolic pressure >_50 mmHg, left atrial diameter >_55 mm, and age >_65 years were all associated with survival

Baseline characteristics of the study population (n 5 3666)
Derivation Cohort
(n 5 2472)

Validation Cohort
(n 5 1194)

Combined Cohort
(n 5 3666)

P-value

67 ± 13
1766 (72%)

64 ± 15
779 (65%)

66 ± 14
2545 (70%)

<0.001
<0.001

....................................................................................................................................................................................................................
Age (years)
Male gender
Asymptomatic

1643 (67%)

520 (43%)

2163 (59%)

<0.001

Heart rate (bpm)
Sinus rhythm

76 ± 16
1916 (77%)

70 ± 14
982 (82%)

74 ± 16
2898 (79%)

<0.0001
0.008

History of atrial fibrillation

710 (28%)

212 (18%)

922 (25%)

<0.001

Severe mitral regurgitation
Left atrial diameter (mm)

2362 (96%)
50 ± 9

918 (77%)
49 ± 8

3280 (90%)
50 ± 9

<0.001
<0.001

Left ventricular end-diastolic diameter (mm)

58 ± 7

56 ± 7

57 ± 7

<0.001

Left ventricular end-systolic dimension (mm)
Left ventricular ejection fraction (%)

36 ± 7
64 ± 10

35 ± 7
63 ± 9

36 ± 7
64 ± 10

<0.001
0.07

Right ventricular systolic pressure (mmHg)

44 ± 17

38 ± 16

42 ± 17

<0.001

Vasodilators
Beta blockers

1037 (42%)
436 (18%)

510 (43%)
469 (39%)

1547 (42%)
905 (25%)

0.66
<0.0001

Diuretics

837 (34%)

569 (48%)

1406 (38%)

<0.0001

Digoxin
EuroScore II

589 (24%)
1.15 [0.74–1.83]

101 (9%)
1.20 [0.79–2.48]

690 (19%)
1.17 [0.75–1.98]

<0.0001
0.24

Charlson score

1.36 ± 1.65

1.12 ± 1.81

1.28 ± 1.70

<0.0001
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Since surgery is a competing risk event when analysing survival under
medical management, we took advantage of competing risk analysis. This
approach makes it possible to estimate hazard rates separately for each
transition, diagnosis to surgery, or diagnosis to death, stratified by centre.
A Markov proportional hazards model was used to estimate the hazard
ratios (HR) for predictors at transitions from diagnosis to surgery, or
diagnosis to death. Proportional hazard assumptions were evaluated with
scaled Schoenfeld residuals.
Hazard ratios of univariate competing risk models were estimated
in the Derivation Cohort for the components of the Score. Weights
for these risk factors were calculated by redoing the univariate,
transition-specific HR. In order to capture the risk attached to the
consequences of volume overload (rather than the nonspecific risk of
death related to aging),11 the weight for age >_ 65 years in keeping with
the results of competing risk analysis was set at a value of 3 (see
Supplementary material online for more explanation). For each patient the MIDA Score was calculated as the sum of these weights
(Table 2).
The predictive ability of the MIDA Score for survival under medical management was described using a Harrell’s C-statistic for the
survival models.21 The C-statistic ranges from 0.5 to 1.0, with values
of 0.5 indicating no predictive ability, and a value of 1.0 indicating perfect predictive ability. The C-statistic was estimated by fitting a competing risk model to the derivation data and the validation data
separately.
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Development of the MIDA Score (Derivation Cohort)
HR Cox

HR competing risk

HR competing risk and imputation

3.9 [2.4–6.4]
2.69 [1.9–3.9]

5.1 [3.6–7.2]
2.55 [1.9–3.3]

Points

....................................................................................................................................................................................................................
Age >_ 65 year
Symptoms

5.1 [2.9–10]
1.99 [1.4–2.8]

3
3

Atrial fibrillation

1.06 [0.8–1.5]

1.09 [0.8–1.5]

1.29 [1.1–1.6]

1

Left atrial diameter >_ 55 mm
Right ventricular systolic pressure > 50 mmHg

1.64 [1.2–2.3]
1.99 [1.4–2.7]

1.70 [1.2–2.4]
1.71 [1.2–2.5]

1.48 [1.1–1.9]
1.71 [1.3–2.3]

1
2

Left ventricular end-systolic diameter >_ 40 mm

1.48 [1.0–2.2]

1.62 [1.1–2.5]

1.29 [1.0–1.8]

1

1.0 [0.7–1.4]

0.88 [0.6–1.3]

1.17 [0.9–1.5]

1

Left ventricular ejection fraction <_ 60%

Table 3

MIDA Score distribution of the study population
Derivation Cohort
(n 5 2472)

Validation Cohort
(n 5 1194)

Combined Cohort
(n 5 3666)

P-value

MIDA Score 0

330 (14%)

203 (17%)

533 (14%)

0.013

MIDA Score 1–2
MIDA Score 3–4

329 (13%)
779 (31%)

77 (6%)
390 (33%)

406 (11%)
1169 (32%)

—
—

MIDA Score 5–6

442 (18%)

226 (19%)

668 (18%)

—

MIDA Score 7–8
MIDA Score 9–10

350 (14%)
195 (8%)

204 (17%)
83 (7%)

554 (15%)
278 (8%)

—
—

MIDA Score 11–12

47 (2%)

11 (1%)

58 (2%)

—

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

after diagnosis (all P <_ 0.001). The HR [95% confidence interval (CI)]
obtained by including all prognostic factors in the Cox-proportional
hazard, competing risk and competing risk with imputation models
and their consequent weights contributing to the Score are reported
in Table 2.
In the Derivation Cohort, the median MIDA Score was 4 (25th–
75th percentile: 2–6) (Table 3). The MIDA Score adjusted for age was
independently associated with an increased risk of death under medical follow-up (adjusted HR [95% CI] per unit 1.20 [1.15–1.25]
P < 0.001). The independent prognostic significance of the MIDAScore was also confirmed by competing risk model and multiple imputation (adjusted HR [95% CI] per unit 1.18 [1.13–1.23] P < 0.001).
The concordance for the model with the MIDA Score adjusted for
age in the Derivation Cohort was satisfactory [c = 0.78; standard deviation (SD) 0.02].
Mitral valve surgery was eventually performed in 1934 (78%) patients (89% repair). The median time (25th–75th percentile) from the
baseline echocardiogram to the operation was 0.2 (0.1–1.9) years.
During a post-surgical follow-up of 9.2 ± 4.8 years (median [25–75th
percentile], 8.7 [6.3–12.1] years), 570 patients died. The MIDA Score
regardless of age was associated with an increased risk of postsurgical death (adjusted HR [95% CI] per unit 1.15 [1.11–1.19]
P < 0.0001). Data on recurrence of regurgitation after repair were
available for 1480/1713 patients; 20 years’ freedom from >_3þ mitral
regurgitation was 88% (95% CI, 86–90).

.. Baseline characteristics and MIDA Score
..
.. in the Validation Cohort
..
.. Baseline characteristics of the Validation Cohort (n = 1194) and
.. MIDA Score distribution are depicted in Tables 1 and 3, respectively.
..
.. When compared to the Derivation Cohort, patients included in the
.. Validation Cohort were more often symptomatic, although showing
..
.. less severe consequences of DMR. These findings can be explained
.. by the limited reproducibility of symptom assessments, the higher
..
.. prevalence of female patients in the Validation Cohort, and the higher
..
22
.. use of beta-blockers rather than digoxin in this group. During a
.. follow-up of 4.8 ± 2.4 years, 191 deaths occurred (131 under medical
..
.. management). Overall survival at 10 years was 68 ± 5% (59 ± 7% in
.. patients symptomatic at diagnosis). Surgery was eventually per..
.. formed in 725 patients (93% repair).
..
Competing risk analysis confirmed the MIDA Score to be re..
.. gardless of age associated with long-term risk of death under
.. medical management (adjusted HR [95% CI] per unit 1.13
..
.. [1.01–1.22]; P < 0.001) (c = 0.81; SD 0.03). The MIDA Score re.. gardless of age also predicted long term post-surgical outcome
..
.. (adjusted HR [95% CI] per unit 1.35 [1.19–1.54]; P < 0.001).
.. Association of the MIDA Score with 1-year mortality was
..
.. analysed with a logistic regression model in the Derivation
.. Cohort and validated in the Validation Cohort and found to be
..
.. satisfactory (Derivation Cohort: c = 0.7540; Validation Cohort:
.. c = 0.7537) (Figure 1).
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The hazard ratio (HR) refers to Cox proportional hazard analysis, competitive risk analysis, and competitive risk analysis and imputation with overall mortality as the end point;
the points contributing to the MIDA Score are weighted according to the HR obtained. As an example, a patient presenting all the above seven risk factors would totalize a
MIDA Score of 12; a 55-year-old asymptomatic patient in sinus rhythm with normal left ventricular size and function presenting only left atrial diameter >_ 55 mm and right ventricular systolic pressure > 50 mmHg would totalize a MIDA Score of 3 (see the text for more explanation).
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H.R. (95 % CI) per point of MIDA Score

Hazard
HazardRatio
ratio*
(95 % CI)

p
value

p for
interaction

Age

years
(n=2105) > 65 tears
(n=1561) < 65 years

1.26 (1.20-1.30)
1.39 (1.19-1.60)

< 0.0001
< 0.0001

0.10

Gender

(n=1121) Female
(n=2545) Male

1.36 (1.29-1.44)
1.35 (1.30-1.40)

< 0.0001
< 0.0001

0.52

Charlson Score *

(n=1156) > 1
(n=2510) < 1

1.19 (1.13-1.25)
1.11 (1.04-1.19)

< 0.0001
0.005

0.42

Original Cohort *

(n=2472) Derivation
(n=1194) Validation

1.20 (1.15-1.25)
1.19 (1.10-1.30)

< 0.0001
< 0.0001

0.94

Period of enrollement
(quartile) *

(n=914) First
(n=776) Second
(n=849) Third
(n=1127) Fourth

1.24 (1.15-1.32)
1.20 (1.10-1.27)
1.22 (1.11-1.34)
1.16 (1.06-1.28)

< 0.0001
< 0.0001
< 0.0001
0.002

0.84

MR Severity *

(n=3280) Severe
(n=386) Non severe

1.18 (1.13-1.22)
1.21 (1.09-1.34)

< 0.0001
0.001

0.96

Mechanism of
regurgitation *

(n=2717) Flail Leaflets
(n=949) Mitral prolapse

1.21 (1.15-1.26)
1.16 (1.06-1.27)

< 0.0001
0.001

0.57

(n=743) Yes
(n=419) No
(n=2504) NA

1.26 (1.10-1.42)
1.13 (1.01-1.27)
1.20 (1.15-1.25)

0.001
0.033
< 0.0001

0.11

mm2

EROA > 40
Or
Rvol > 60 cc *

0.8

2

1

(*) adijusted for age and gender

Figure 2 Independent association of the MIDA Score with long-term mortality in selected sub-groups (see text). Regurgitant volume and/or effective regurgitant orifice area were available in 1162 patients.

Specific outcomes in the Combined
Cohort
Since remarkably similar 5- and 10-year survival rates were recorded
and an analogous prognostic ability of the MIDA Score had been confirmed, we combined Derivation and Validation Cohorts to further

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

increase the sample size in order to facilitate long-term follow-up and
sub-group analyses. Baseline characteristics of the Combined Cohort
are reported in Tables 1 and 3, respectively. During a follow-up of
7.8 ± 5.0 years, 1151 patients died. Overall survival at 5 and 10 years
was 84 ± 1 and 69 ± 1% years, respectively.
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Figure 1 Validation plot (the distribution of the MIDA Score is indicated with spikes at the top of the graph).
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100
98±1%
89±4%
88±4%

91±3%
79±2%

80

65±3%

60
57±4%

50±4%

40
31±5%
25±6%

33±5%

20

21±10%
8±6%

P<0.0001

0
5

0
(Score 0)
533
(Score 1-2 ) 406
(Score 3-4 ) 1169
(Score 5-6) 668
(Score 7-8) 554
(Score 9-10) 278
(Score ≥11) 58

Survival after mitral surgery (%)

B

10 Years

138
55
244
95
78
21
4

41
21
60
11
6
2
-

99±1%
96±1%
92±1%

100

90±1%

80

82±2%

95±1%
89±2%
81±2%
72±3%

72±3%
62±3%

60
57±9%

44±5%

40

20

20±9%

P<0.0001

0
0

(Score 0) 389
(Score 1-2 ) 354
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Figure 3 (A) Long-term overall survival of 3666 patients affected by degenerative mitral regurgitation under medical management according to
MIDA Score (Kaplan–Meier analysis). The follow-up was censored at the time of surgery when performed. (B) Long-term post-surgical overall survival
of 2659 patients affected by degenerative mitral regurgitation according to MIDA Score (Kaplan–Meier analysis).

During a medical follow-up of 2.1 ± 3.5 years, 521 patients died.
Figure 2 reports the independent association of the MIDA Score with
mortality under medical management in selected sub-groups. Longterm survival according to the categories of MIDA Score is depicted
in Figure 3A and (using multiple imputation) in Figure 4A (see
Supplementary material online).
Surgery was eventually performed in 2659 patients (90% repair).
During a post-surgical follow-up of 7.8 ± 4.8 years, 630 patients died.

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

Perioperative mortality occurred in 40 patients (1.5%). The mean
EuroSCORE II was: 1.72% (median [25–75th percentile] 1.17 [0.75–
1.98]) in the entire population; 3.04% in patients who died during the
perioperative period (vs. 1.71% in those who survived, P = 0.004);
1.99% in those who were treated exclusively medically (vs. 1.62% in
those who were operated on, P < 0.001).
When the post-surgical outcome was analysed, the MIDA Score
retained its independent prognostic significance from age and
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Figure 4 (A) Long-term overall survival of 3666 patients affected by degenerative mitral regurgitation under medical management according to
MIDA Score (Kaplan–Meier analysis and multiple imputation) (see Supplementary material online). The follow-up was censored at the time of surgery when performed. (B) Long-term estimated post-surgical overall survival of 2659 patients affected by degenerative mitral regurgitation according
to MIDA Score (Kaplan–Meier analysis and multiple imputation) (see Supplementary material online).

symptoms with death as the end point (adjusted HR [95% CI] per
unit: 1.23 [1.16–1.29]; P < 0.001). Long-term post-surgical survival according to the category of MIDA Score is depicted in Figure 3B and
using multiple imputation in Figure 4B (see Supplementary material
online).
Take home figure reports 12-month mortality according to the
MIDA Score under medical management (Take home figure A) and
after surgery (Take home figure B) overall and by EuroSCORE II.
When the MIDA Score was factored into a model including all
seven components of the score itself and surgery (adjusted HR [95%
CI] for surgery 0.27 [0.24–0.30]; P < 0.0001), the MIDA Score provided incremental information [change in the model X2 21; P = 0.002;

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

net reclassification improvement (NRI) for 5-years mortality 0.12,
P = 0.009]. When factored into a model including age, surgery and
EuroScore II, the MIDA Score provided incremental prognostic significance (change in the model X2 233, P < 0.0001) (NRI for 1-, 3-,
and 5-years mortality 0.40, 0.37, and 0.41, respectively; all P-values < 0.0001). Adjusted survival curves by MIDA Score category in
patients with lower/higher EuroScore II are illustrated in Figure 5A
and B (see Supplementary material online).
The prognostic ability of the MIDA Score was retained when
confining the analysis to patients who had mitral repair (adjusted
HR [95% CI] per unit: 1.30 [1.11–1.54]; P = 0.001), or replacement
(adjusted HR [95% CI] per unit: 1.18 [1.15–1.21]; P < 0.0001).
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Mortality under medical management according to the MIDA Score
and the EuroSCORE II

12- Months Mortality (%)

A

n= 1445*

Euro Score II 0-2
Overall

B

12- Months Mortality (%)

Mortality after mitral surgery according to the MIDA Score
and the EuroSCORE II

n= 2541*

Euro Score II ≥ 6
Euro Score II 3-5
Euro Score II 0-2
Overall

Take home ﬁgure One-year mortality according to the MIDA Score under medical management (A) and after surgery (B) overall and by
EuroSCORE II. *Only patients observed for at least 1 year under medical follow-up (A) or after surgery (B) are included in the analysis (or who died
within 1 year).

Discussion
The management of DMR—and particularly the indications for
surgery—mainly relies on symptoms and/or echocardiographic
measurements providing specific cut-offs reflecting the magnitude of
volume overload consequences. Physicians are invited by guidelines
to search for the presence of any of those during decision-making,
but the highly relevant therapeutic consequences deriving from ascertaining the presence of even one risk factor (which may lead ‘per
se’ to a surgical decision) likely favour DMR under treatment. At the
same time, while the operative risk in a given patient is predictable
through specific mortality scores, the mortality risk of continuing
medical treatment for the same patient is not yet definable.
We analysed the outcome of two cohorts totalling an unmatched
sample of 3666 patients, all affected by DMR, to build a risk score
integrating the presence of risk factors endorsed by scientific guidelines and their clinical weight. The MIDA Score we derived and validated was able to position a given patient within a continuous
spectrum of mortality risk, before or after surgery, at short- and
long-term. Because we found a considerable difference in mortality
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between the MIDA Score levels, our data indicate that the MIDAScore could generate highly relevant clinical information, of independent prognostic value and incremental to known indicators of
current guidelines for the management of DMR.
The EuroSCORE II was significantly higher in patients who were
treated exclusively medically as compared to those who received a
mitral operation. Taken together, our findings suggest that physicians
may underestimate the spontaneous high risk of patients left under
medical management, due to the lack of tools defining the risk
incurred under such circumstances. By accurately defining not just
long-term outcome but also the short-term and 1-year survival under
medical management, the MIDA Score could contribute in preventing delays in treating higher risk patients.13 We found that the MIDA
Score retains its prognostic value within each subset of patients
categorized by EuroSCORE II (Take home figure and Figure 5), indicating that in the context of a known risk marker, the MIDA Score maintains an incremental prognostic predictive value.
Percutaneous treatment of DMR represents an increasingly used
therapeutic option.23 Whether a percutaneous treatment of DMR
could represent a better strategy as compared to traditional surgery
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Figure 5 Adjusted survival curves according to the MIDA Score in patients with EuroScore II < 2 (A) and >_ 2 (B).

in selected groups of patients with the highest MIDA Score and
EuroSCORE II remains unanswered by the present retrospective
analysis, but we provide a tool allowing for this hypothesis to be
tested in randomized control studies. It is expected that the explosion of new technologies, robotic surgery, percutaneous repair, or
replacement may be highly attractive to patients due to their perceived limited invasiveness.24 However, these new technologies are
costly and the goal of their rational dispersion,25 based on appropriate use definition, cannot be achieved if the risks incurred by patients
are not precisely defined. The MIDA Score we developed may represent a useful tool to test the new technologies in patients with homogenous risk of death.
Model discrimination expresses the extent to which the model itself is capable of differentiating patients who have experienced events
and it is commonly assessed using the C-statistic.26 We found a C-statistic of the MIDA Score with death as the end point of 0.78 in the
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derivation MIDA cohort and of 0.81 in the Validation Cohort. These
values of C-statistic, although they can be improved, are comparable
to those obtained by commonly used clinical scores (including the
Heart Failure Survival Score,26 the Seattle Heart Failure Model,26 the
Logistic EuroSCore, and EuroSCORE II.27,28 With respect to calibration of the MIDA Score, (i.e. investigating how close the values predicted by the MIDA Score are to the observed values) this was
overall quite satisfactory26 (Figure 1). Whether the addition of parameters deriving from cardiopulmonary exercise tests or the use of peptides (currently not yet considered mandatory by guidelines) may
enhance the overall performance of the MIDA Score needs to be
tested.29
Concerning the strength and limitations of the present study,
the MIDA Score was derived from the MIDA registries, which although representing the largest international multi centre registries specifically designed to study DMR, are not necessarily
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immune from the risk of selection bias. It is reassuring that all prognostic indicators endorsed by American and European scientific
guidelines were confirmed as being valid in the present analysis.
Concerning the validity of the study findings, we decide to use external validation, which is particularly demanding but at the same
time the method with the greatest clinical relevance.30 The MIDAScore provides good discrimination, but no therapeutic decision
making should exclusively rely on a single number, and should rather be based on an integrated clinical approach.13 Since the vast
majority of the study patients had severe DMR, the role of the
MIDA Score in non-severe DMR—although confirmed at subgroup analysis—needs further investigations.
In conclusion, DMR management requires extensive prognostic
assessment.12,13 The MIDA Score, developed using the largest cohorts of DMR medically and surgically treated ever analysed, can
for the first time position a given patient within a continuous spectrum of short- and long-term mortality risk, overall, under medical
management and after surgery, providing incremental and independent prognostic information. Our findings—generated by
analysis of data collected at multiple centres from different continents—may contribute to improve DMR management, by not only
facilitating guidelines application but also providing a useful tool to
test new therapeutic options for patients with DMR in homogeneous categories of risk.
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