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MR i th 21th tMR in the 21th century

What are What are What are What are 
the guidelinesthe guidelinesthe guidelinesthe guidelinesthe guidelines the guidelines 

in 2010 ?in 2010 ?
the guidelines the guidelines 

in 2010 ?in 2010 ?in 2010 ?in 2010 ?in 2010 ?in 2010 ?



Mitral Regurgitation: The guidelinesMitral Regurgitation: The guidelinesMitral Regurgitation: The guidelinesMitral Regurgitation: The guidelines



Mitral RegurgitationMitral RegurgitationMitral RegurgitationMitral Regurgitation

What is the problemWhat is the problemWhat is the problem What is the problem 
ithith iti fiti fwith with waiting forwaiting forgg
SymptomsSymptomsSymptomsSymptoms

to operateto operate ??to operateto operate ??
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Severe Symptomatic MR
The EuroHeart Survey

Isolated MR
(n=877)(n 877)

No Severe MR
(n=347)

Severe MR
(n=540) NYHA I-II: 171

No Symptoms Symptoms

NYHA III-IV: 266

No Symptoms
n=103

Symptoms
n=437 Angina: 168

Intervention
n=211 (48%)

No Intervention
n=226 (52%) n=211 (48%)n=226  (52%)

Mirabel M et al Mirabel M et al Eur Heart J. Eur Heart J. 2007;28(11):13582007;28(11):1358--1365.1365.Mirabel M et al Mirabel M et al Eur Heart J. Eur Heart J. 2007;28(11):13582007;28(11):1358--1365.1365.
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MR in the ElderlyMR in the Elderly
U l M tUsual Management

• Asymptomatic elderly with 
MR “Y d i tsevere MR: “You are doing too 

well to consider a risky surgery”well to consider a risky surgery

• Symptomatic elderly with MR:• Symptomatic elderly with MR: 
“You are too old to be operated”p



MR Natural HistoryMR Natural History
Yearly RateYearly Rate ofof Sudden DeathSudden DeathYearly RateYearly Rate ofof
Sudden DeathSudden Death

1010

Sudden DeathSudden Death
EventsEvents/Group/Group

20201010

88
%/year%/year

7.87.8±±3.23.2

2020

1515
66

1515

1010
3.13.1±±1.01.0

10 944

22

1010

55 6
1.01.0±±0.30.3

22

00

55

00

6

II IIII II IIII
00

IIIIII--IVIV
NYHANYHA

00
IIIIII--IVIV

NYHANYHANYHANYHA NYHANYHA

Symptoms are specific of SD risk..but are not sensitivebut are not sensitive



MR Postop. OutcomeMR Postop. Outcomepp
Long-term Survival
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Mitral RegurgitationMitral RegurgitationMitral RegurgitationMitral Regurgitation
What are the implications of SymptomsWhat are the implications of Symptoms ??What are the implications of SymptomsWhat are the implications of Symptoms ??

• Symptoms are often neglected• Symptoms are often neglected
• Symptoms are insensitive• Symptoms are insensitive

markers of riskmarkers of risk 
• Symptoms are associated withSymptoms are associated with 

poor post-operative outcome



Mitral RegurgitationMitral RegurgitationMitral RegurgitationMitral Regurgitation

What is the problemWhat is the problemWhat is the problem What is the problem 
ithith iti fiti fwith with waiting forwaiting forgg

LV DysfunctionLV DysfunctionLV DysfunctionLV Dysfunction
to operateto operate ??to operateto operate ??



Mitral RegurgitationMitral Regurgitation

Overt LV DysfunctionOvert LV Dysfunction
EF <60%EF 60%



MR Natural HistoryMR Natural Historyy
LV Ejection Fraction
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MR Postop OutcomeMR Postop. Outcome
LV Function: SurvivalLV Function: SurvivalLV Function: SurvivalLV Function: Survival
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Mitral RegurgitationMitral RegurgitationMitral RegurgitationMitral Regurgitation

LV EnlargementLV EnlargementLV EnlargementLV Enlargement
LVSLVS ≥ 40≥ 40--45 mm45 mmLVS LVS ≥ 40≥ 40--45 mm45 mm





MR due to Flail LeafletsMR due to Flail LeafletsMR due to Flail LeafletsMR due to Flail Leaflets
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MR due to Flail LeafletsMR due to Flail LeafletsMR due to Flail LeafletsMR due to Flail Leaflets
LongLong--term survival according to LVterm survival according to LV--ESDESDLongLong--term survival according to LVterm survival according to LV--ESDESD
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MR due to Flail LeafletsMR due to Flail LeafletsMR due to Flail LeafletsMR due to Flail Leaflets
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Mitral RegurgitationMitral Regurgitation
Surgical Treatment ?Surgical Treatment ?

MRMRMRMR
SymptomsSymptoms EarlyEarlySymptomsSymptoms

LV DysfunctionLV Dysfunction
EarlyEarly

SurgerySurgery

Rescue SurgeryRescue Surgery
Relieves pts but poor outcomeRelieves pts but poor outcome

Restorative SurgeryRestorative Surgery
No relief but No relief but 

restores life expectancyrestores life expectancy



Mitral RegurgitationMitral RegurgitationMitral RegurgitationMitral Regurgitation
Can we define Can we define 

MR subsetsMR subsetsMR subsets MR subsets 
at highat high risk ?risk ?at highat high--risk ?risk ?

MR SeverityMR SeverityMR SeverityMR SeverityMR SeverityMR SeverityMR SeverityMR Severity



MR Severity AssessmentMR Severity AssessmentMR Severity AssessmentMR Severity Assessment

I V l i MRI V l i MRIs Voluminous MR Is Voluminous MR 
Severe ?Severe ?Severe ?Severe ?



Organic MROrganic MR
Flail Leaflets
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Asymptomatic MRy p
Baseline Characteristics

Study Age LV diast. Dia

Ling Flail 66±13 34±5 / 2Ling, Flail 66±13 34±5 mm/m2

MES, MR 63±14 Mod: 54±6
Severe: 61±6

Mohty, Surg MVP 65±13

Severe: 61±6
62±9Mohty, Surg MVP 65±13

MVP: 56±6Rosenhek, MR 56±14 MVP: 56±6
Flail: 30±4 mm/m2









Valvular RegurgitationsValvular RegurgitationsValvular RegurgitationsValvular RegurgitationsValvular Regurgitations Valvular Regurgitations 
Severity AssessmentSeverity Assessment

Valvular Regurgitations Valvular Regurgitations 
Severity AssessmentSeverity AssessmentSeverity AssessmentSeverity AssessmentSeverity AssessmentSeverity Assessment

Q i i fQ i i fQuantitation of Quantitation of QQ
RegurgitationRegurgitationRegurgitation       Regurgitation       



ERO Calculation



Mi l R i iMitral Regurgitation

RV l ERO
Grading of Severity

RVol ERO
(mL) (mm2)ASE  Grade (mL) (mm )

Grade I <30 <20Mild G ade 30 0
Grade II 30-44 20-29{

Mild

d
Grade III 45-59 30-39{Moderate

Grade IV ≥60 ≥40Severe





Asymptomatic MR
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Asymptomatic MR 
Natural History100

91±3 %

Natural History
90

%

80
66±6 %

P<0 01iv
al

, 

70 ERO 1-19 mm2

P<0.01

Su
rv

i

60

ERO   1 19 mm2
ERO 20-39 mm2
ERO ≥ 40 mm2

S P =0.03P =0.03
vs. Expectedvs. Expected60

58±9 %
ERO   ≥ 40 mm2

50
0 1 2 3 4 5Years



ERO ERO 
Predictor Predictor 

Of OutcomeOf OutcomeOf OutcomeOf Outcome



EROEROERO ERO 
Predictor Predictor 

Of OutcomeOf Outcome



MR QuantitationMR QuantitationMR QuantitationMR QuantitationMR Quantitation MR Quantitation MR Quantitation MR Quantitation 

3 i3 iThere are now 3 studies, There are now 3 studies, 
large (total >1000 patients), large (total >1000 patients), g ( p ),g ( p ),

prospective, showingprospective, showingprospective, showing prospective, showing 
ERO predictiveERO predictiveERO predictive ERO predictive 

of clinical o tcomeof clinical o tcomeof clinical outcomeof clinical outcome



MR due to Flail Leaflet: MR due to Flail Leaflet: 
Multicenter European ExperienceMulticenter European Experience
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Mitral Regurgitationg g
Natural History

100

y
90%90%Surgery or deathSurgery or death

High MorbidityHigh Morbidity

80

90%90%Surgery or deathSurgery or death
82%82%SurgerySurgery

CHFCHF
60

63%63%CHFCHF

IncidenceIncidence

40
(%)(%)

20

0
0 2 4 6 8 10

YearsYears



MR Severity AssessmentMR Severity AssessmentMR Severity AssessmentMR Severity Assessment

Voluminous MR isVoluminous MR isVoluminous MR is Voluminous MR is 
S i th USAS i th USASevere in the USA Severe in the USA 

and in Europeand in Europeand in Europeand in Europe



Mitral RegurgitationMitral Regurgitation
C d fiC d fi

Mitral RegurgitationMitral Regurgitation
Can we define Can we define 

MR subsets at highMR subsets at high--riskriskgg
without excess postwithout excess post--opopwithout excess postwithout excess post op op 

mortalitymortality ??mortalitymortality ??

Left Atrium ?Left Atrium ?Left Atrium ?Left Atrium ?Left Atrium ?Left Atrium ?Left Atrium ?Left Atrium ?





MR Natural HistoryMR Natural History
Impact of AF on Survivalp

1.01.0

0.80.8 Persistent SRPersistent SR

0.60.6AdjustedAdjusted
survivalsurvival

0.40.4
survivalsurvival

(%)(%)
AF during FAF during F--UU

0.20.2

00

AF during FAF during F UU

00
00 22 44 66 88 1010

YYYearYear



LA Volume Index (LAVI)LA Volume Index (LAVI)( )( )
Biplane AreaBiplane Area--lengthlengthpp gg

Vol = 0.85 * A1 * A2 / LVol = 0.85 * A1 * A2 / L

Where A1 and A2 = areas from orthogonal viewsWhere A1 and A2 = areas from orthogonal views



Mitral Regurgitation : Mitral Regurgitation : 
LA V lLA V l
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Survival after MR diagnosisSurvival after MR diagnosis
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Mitral RegurgitationMitral RegurgitationMitral RegurgitationMitral Regurgitation
Can we define Can we define 

MR subsetsMR subsetsMR subsets MR subsets 
at highat high risk ?risk ?at highat high--risk ?risk ?

Other predictors ?Other predictors ?Other predictors ?Other predictors ?Other predictors ?Other predictors ?Other predictors ?Other predictors ?



Mitral Regurgitation : Mitral Regurgitation : 
F ti l it b VO2F ti l it b VO2100

% Functional Capacity

Functional capacity by VO2Functional capacity by VO2
80

90

rg
er

y,
 % Functional Capacity

Reduced
Normal

70

s 
or

 s
ur

66±11%
P = 0.001

50

60

c 
ev

en
ts

40

C
ar

di
ac

29±5%

20

30

ts
 w

ith
 29±5%

10

Pa
tie

nt

0 1 2 3Years



Mitral Regurgitation : BNPMitral Regurgitation : BNPg gg g
BNP level and postBNP level and post--diagnosis survivaldiagnosis survival

100
95 ± 5%95 ± 5%

90

80
SurvivalSurvival

70
(%)(%) P=0.03P=0.03

72 ± 10%72 ± 10%

60
BNP <31 pg/mLBNP <31 pg/mL
BNP ≥31 pg/mLBNP ≥31 pg/mL

50
0 1 2 3 4 50 1 2 3 4 5

YearsYears







MR due to Flail LeafletsMR due to Flail Leaflets
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Pulmonary Hypertension: Overall Survival after Diagnosis
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MR due to Flail LeafletsMR due to Flail Leaflets
Pulmonary Hypertension: Survival after diagnosis

Medical Post-op
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Mitral RegurgitationMitral Regurgitationg gg g
Risk FactorsRisk Factors

MRMRMRMR
Risk FactorsRisk Factors

with excess risk postwith excess risk post--opop Risk FactorsRisk Factorswith excess risk postwith excess risk post--opop

LV EFLV EF

Risk FactorsRisk Factors
w/o excess risk postw/o excess risk post--opop

LV EFLV EF
LV ESDLV ESD EROERO
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Functional CapacityFunctional Capacity



Mitral RegurgitationMitral RegurgitationMitral RegurgitationMitral Regurgitation
We have markers of highWe have markers of high--riskriskWe have markers of highWe have markers of high--riskriskWe have markers of highWe have markers of high risk risk 

in asymptomatic patientsin asymptomatic patients
We have markers of highWe have markers of high risk risk 

in asymptomatic patientsin asymptomatic patients

Can we do aCan we do a
y p py p py p py p p

Can we do a Can we do a 
restorativerestorativerestorative restorative 

??surgery ?  surgery ?  g yg y



Mitral Valve RepairMitral Valve RepairMitral Valve RepairMitral Valve Repair
Aortic mitral fibrosa
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CP1023486-1Resection of flail segment Repaired mitral valve



Better Survival after Valve Repair
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Reoperation after Valve RepairReoperation after Valve Repair
Improving ResultsImproving Results
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MR Surgery in the ElderlyMR Surgery in the Elderlyg y y
Recent Improvement: Feasibility of Valve Repair 

g y y
Recent Improvement: Feasibility of Valve Repair 
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MR Surgery in the ElderlyMR Surgery in the Elderlyg y y
Recent Improvement: Operative Mortality 

g y y
Recent Improvement: Operative Mortality 
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Mitral RegurgitationMitral RegurgitationMitral RegurgitationMitral Regurgitation

I E l SI E l SIs Early Surgery Is Early Surgery y g yy g y
beneficial ?beneficial ?beneficial ?beneficial ?



USAUSAUSAUSA
Circulation 1997; 96: 1819

USAUSAUSAUSA

KoreaKoreaKoreaKoreaKoreaKoreaKoreaKorea
Circulation 2009; 119:797



BelgiumBelgiumBelgiumBelgiumBelgiumBelgiumBelgiumBelgium

Montant et al JTCVS 2009;1339Montant et al JTCVS 2009;1339Montant et al JTCVS 2009;1339Montant et al JTCVS 2009;1339



Asymptomatic y p
Mitral RegurgitationMitral Regurgitation

S fStrategy for gy f
treatment ?treatment ?



Asymptomatic MRAsymptomatic MR
Why not operate :Why not operate :

N l LV (LVS<35 EF>60)• Normal LV (LVS<35, EF>60)
N l LA d i R• Normal LA and sinus R

l O2• Normal VO2 
• Normal BNP

• ERO < 40 mm2



Asymptomatic MRsy pto at c
Why operate ?

Offer early surgery to
Why operate ?

Offer early surgery to 
asymptomatic MR patients iny p p

Advanced repair centers:p
• Low risk

• Excellent Doppler-Echo
H h• High repair rates

Hi h i lit• High repair quality 



Asymptomatic MRsy pto at c
Why operate ?

Offer early surgery to high-risk MR:
Why operate ?

ff y g y g
• LV Dysfunction (late)y f ( )

• AFib (late)
•LA enlargement ≥ 60 mL/m2

• BNP activation
R d d FC•Reduced FC

• ERO ≥ 40 2• ERO ≥ 40 mm2



Mitral RegurgitationMitral Regurgitation
M tManagement

•Quantify MRQ y

•Think Repair NowThink Repair Now




