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Secondary (Functional) Mitral Regurgitation



Bertrand PB et al, Circulation. 2017;135:297–314.

Force-Balance Relationship



“Ventricular” Functional Mitral Regurgitation

Deferm S, Bertrand PB et al. J Am Coll Cardiol. 2019;73(19):2465-76



Deferm S, Bertrand PB et al. J Am Coll Cardiol. 2019;73(19):2465-76

“Atrial” Functional Mitral Regurgitation



What is “significant” secondary MR?
Updated VHD Guidelines & EACVI MR grading

Vahanian et al, Eur Heart J, 2022
Lancellotti et al, Eur Heart J CV Imaging, 2022



Lancellotti et al, Eur Heart J CV Imaging, 2022



Functional MR = dynamic

Bertrand PB et al, Circulation. 2017;135:297–314.

§ Within one cardiac cycle

§ Loading conditions

§ Arrhythmia

§ Exercise



A4Ch A3Ch

Dynamic MR within one cardiac cycle



Protosystole Telesystole

Dynamic MR within one cardiac cycle



Dynamic MR within one cardiac cycle

“Biphasic MR”              
Lancellotti et al, Eur J Echocardiogr 2010



Buck T et al, JACC, 2008



Functional MR = dynamic

Bertrand PB et al, Circulation. 2017;135:297–314.

§ Within one cardiac cycle

§ Loading conditions

§ Arrhythmia

§ Exercise



Dynamic MR with loading

sedation



Lancellotti P et al, Nat Rev Cardiol. 2015;12(4):212-9 

Baseline Trendelenburg manoever

Dynamic MR with loading



TTE TEE

Decreasing MR severity during sedation



TEE for FMR : Anatomy > MR Severity 



Functional MR = dynamic

Bertrand PB et al, Circulation. 2017;135:297–314.

§ Within one cardiac cycle

§ Loading conditions

§ Arrhythmia

§ Exercise



MR in AF versus Sinus Rhythm

AF Post-cardioversion



Quantifying MR severity



Quantification of Secondary MR

Lancellotti et al, Eur Heart J CV Imaging, 2022



Non-circular EROA in FMR



Biplane Vena Contracta

Severe MR ~  ≥8mm biplane VC 



Proximal Isovelocity Surface Area (PISA) method



Proximal Isovelocity Surface Area (PISA) method



Pitfalls of the PISA method : measurement errors

Grayburn PA & Thomas JD, JACC img, 2021



Assumptions of the PISA method

1. Planar orifice (180°)

2. Non-dynamic EROA

3. Circular orifice



PISA in FMR : non-hemispherical convergence zone



PISA in FMR : non-hemispherical EROA

Rifkin et al, JACC img, 2010



Vahanian et al, Eur Heart J, 2021

2021 ESC Clinical Valve Guidelines



Grayburn PA & Thomas JD, JACC img, 2021

3D Vena Contracta Area (VCA)

Alternatives for FMR assessment?

Volumetric methods  
check plausibility

Lancellotti et al, Eur Heart J CV Imaging, 2022

Integrate all parameters



“Integrative” approach

Bertrand PB & Hung J, ASE Comprehensive Echocardiography, 3rd Ed, 2021



Garg et al, Nature Reviews Cardiology, 2020

CMR for FMR assessment



Summary : Challenges in assessing secondary MR

• Accurate assessment of secondary MR is crucial for management

• A key challenge is the dynamic nature of secondary MR.

• Vena contracta and PISA quantification may underestimate MR due to non-circular orifice

• Integrating all available parameters with resp. strenghts & weaknesses is recommended.

• In case of doubt, cardiac MRI can be useful.
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