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Secondary MR: 
what have we learned from the 

surgical experience?
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FMR:
a dynamic ventricular disease



Surgery for FMR



Study Year Pts Aethiology EF Mitral techniques + CABG + Tric + AFib Acute 
Mortality

Bolling 1998 48 Isch/Idiop 17% Undersized ring 15% 23% no 2.1%

Wu 2005 126 Isch/Idiop 23% Undersized ring yes yes no 4.8%

Acker 2006 193 Isch/idiop/Other 24% Undersized ring
/Replacement
±Corcap

0% no no 1.6%

Mihaljevic 2007 290 Isch ? Undersized ring 100% no no 3%

Magne 2007 51 Isch 35% Undersized ring 96% no 8% na

Braun 2008 100 Isch 27% Undersized ring 90% 20% no 8.0%

Ciarka 2010 122 Isch/Idiop 27% Undersized ring
±Corcap

yes 48% 10% 8.2%

De Bonis 2012 54 Idiop 30% Undersized ring
±Edge-to-Edge

0% 31% 35% 5.6%

Acker 2013 251 Isch 41% Undersized ring
±Subvalvular repair
/Replacement

75% 15% 12% 2.8%

Fattouch 2014 115 Isch 43% Non-undersized ring
+Subvalvular repair

100% na na 3.4%

De Bonis 2016 105 Isch/Idiop 29% Undersized ring
±Edge-to-Edge
±Corcap

47% 13% 14% 2.8%



Undersized annuloplasty



Undersized annuloplasty: 
LV remodelling and symptoms improvement

Bax et al. Circulation 2004; 110:103-108 



Wu et al. J Am Coll Cardiol 2005; 45:381-387

Undersized annuloplasty: 
survival benefit?



Why no survival benefit?

Braun et al. Ann Thorac Surg 2008; 85:430-436 



A lot of recurrent MR!

McGee et al. J Thorac Cardiovasc Surg
2004; 128:916-924

30% after 1 year!

Magne et al. Cardiology 2009;112:244.



Undersized annuloplasty: 
recurrent MR is bad

Crabtree et al. 

Ann Thorac Surg 2008; 85:1537-1542 
Magne et al. 
J Am Soc Echocardiogr 2009; 22:1256-64



Short term survival                                    Long term survival





Mean 2-year LVESVI:

• REPAIR: 52.6 +/- 27.7 ml/m2 (change from baseline −9.0 ml).
• REPLACEMENT: 60.6 +/- 39.0 ml/m2 (change from baseline −6.5 ml).

• REPAIR WITHOUT RESIDUAL MR: 42.7 +/- 26.4 (-16 ml)
• REPAIR WITH RECURRENT MR 62.6 +/- 26.9

Successful repair provides the greatest LV reverse remodeling! 

P<0.001 !



Circulation is based on“dynamism and 
crosstalk”, actions and reactions
play a game which principle is the 
preservation of energy

Sir M. Yacoub, ATS 2009



Can we reproduce this?

Any technique will impact physiologic behaviour of 
the mitral valve apparatus

– Repair is probably better than Replacement and should
be first line option in case of early intervetion



Whenever possible, surgeons will 
prefer a good repair over a good 

replacement 

1.When to do it?

2.How to do it?



Freedom from recurrent MR≥3+



- Small annular dilatation

- Complex multiple jets

- Excessive leaflet tethering

- Coaptation depth >10mm

- Posterior leaflet angle > 45°

- Distal anterior leaflet angle >25°

- Systolic tenting area >2.5cm2

- Advanced LV remodelling

- Systolic sphericity index >0.7, 

- LVEDD >65mm

- LVESV ≥ 145 ml (or ≥ 100 ml/m2)

- ES interpapillary muscle distance >20mm

- Basal aneurysm/dyskinesis

- LV/ring mismatch

Lee et al. Circulation 2009;119:2606

Echo predictors of annuloplasty failure





Silberman et al. 
Ann Thorac Surg 2009; 
87:1721-1726

Technique matters

P=0.02P = 0.049

Kwon et al. JTCVS 
2013; 146:616-22 

http://img.medicalexpo.de/images_me/photo-g/anuloplastik-ring-fur-mitralklappe-446932.jpg
http://img.medicalexpo.de/images_me/photo-g/anuloplastik-ring-fur-mitralklappe-446932.jpg


Added repair procedures





10.3±4.1% 

30.8±8.0% 



Associated procedures: tricuspid and AFib

De Bonis M et al. EJCTS 2012





CABG alone CABG+MV Repair P value

Moderate or Severe MR 32.3% 11.2% <0.001

Severe MR or mitral surgery 11.4% 3.5% 0.02

CABG alone CABG+MV Repair P value

Any neurological dysfunction 3% 10.3% 0.02

Stroke 1.5% 5.1% 0.10



Worsening of MR during exercise
echo predicts poor outcome



FMR: a ventricular disease

Grossi EA et al, JACC 2010



The ideal patient for FMR surgery

• Young

• Fit

• Short history of HF

• Big annulus

• Small symmetric leaflet tethering

• Limited LV remodelling

• (±TR ±Afib)

• Viable myocardium

– option of revascularization

– contractile reverse



Patients with severe MR and HF 
at Cliveland Clinic

1095 pts (2001-2008)

Prevalence of MR mechanisms Outcomes in unoperated patients

Goel SS et al. JACC 2014



“mitral surgery was performed in 34 (5%) of 723 with secondary regurgitation."

Survival in patients with EF<50%



…how do the lessons from surgical experience 
apply to transcatheter interventions???

The future…


