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Components of the mitral valve
- the mitral annulus 
- the MV leaflets
- the chordae tendineae
- and the LV wall with its

attached papillary muscles 



IM fonctionnelle (secondaire)
 CMD
 Post-ischémique
 Dilatation annulaire (FA)



Multiple mechanisms
 Mitral leaflet tethering secondary to left ventricular
(LV) dilatation/deformation with papillary
displacement/discoordination ++++++

 principal lesion of SMR 
 subsequent apical and lateral displacement of papillary muscles, 

which, in turn, draws the chordae tendineae away from the line of 
coaptation

 results in restriction of systolic leaflet motion, namely type IIIb of 
Carpentier’s classification.

 Impact of geometric deformation ++++

 Insufficient LV-generated closing forces attributable to 
reduction of LV contractility

 Global LV/ papillary muscle dyssynchrony (QRS)
 Annular dilatation/dysfunction

Because these changes are dependent on loading conditions and the 
phase of the cardiac cycle, secondary MR is dynamic in nature. 



Mécanismes multiples
Tenting des feuillets mitraux secondaire 
à la dilatation/déformation du  VG, avec 
déplacement/désynchronisation des piliers ++++
Lésion principale de l’IM fonctionnelle.
Déplacement apical et latéral des piliers qui 

engendre une tension sur les cordages et un 
défaut de coaptation des 2 feuillets mitraux

Entraine une restriction systolique des feuillets
 (classe IIIb Carpentier)

 Importance de la déformation géométrique du 
VG ++++
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The tethering shape varies 
according to the site and extent of LV remodeling
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SMR due to dilated cardiomyopathy
 Longstanding hypertension or idiopathic DCM
 Substantial systolic dysfunction, global remodeling, and increased LV sphericity
 Symmetrical tethering
 Coaptation point of the mitral valve moved apically, with a large tenting and both leaflets involved to a 

similar degree, causing a central regurgitant jet. 
 Tethering is thus higher in patients with global LV remodeling
 Symmetric mitral annular dilation greatest in the septal-lateral direction, and correlates with the severity of 

LV dysfunction

Asgar et al. JACC 2015



SMR due to dilated cardiomyopathy

Lancelotti et al. Circ Cardiovasc Imaging 2014



SMR due to ischemic heart disease
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 Asymmetrical tethering
 Tenting typically predominates in the region of the posterior-medial scallop of the posterior leaflet 

(P2-P3) because of apically and posteriorly displaced posterior papillary muscle secondary to 
localized LV remodeling

 Tethering of secondary chords contributes to development of a hockey-stick deformity of the 
anterior leaflet, sometimes called « pseudo-prolapsus »

 the coaptation point of the leaflets is displaced posteriorly with respect to the center of the LV cavity. 
 The consequence is anterior leaflet over-ride with a posterior SMR jet. 



Mécanismes multiples

 Diminution des forces de fermeture de la 
valve mitrale en raison de la diminution de la 
contractilité VG.

 Désynchronisation VG/muscles papillaires 
(QRS)

 Dilatation annulaire, dysfonction annulaire.

Mécanismes variant beaucoup avec les conditions de charge et le long du cycle 
cardiaque  l’IM fonctionnelle est dynamique et variable dans le temps. 



Alkhouli et al. JACC Itvn 2022

Dilatation annulaire, dysfonction annulaire.



Alkhouli et al. JACC Itvn 2022



Surcharge volumétrique VG

Dilatation progressive 
du VGIM secondaire

CMD ou CP. Ischémique 

FEVG altérée





Saito et al. JACC: CARDIOVASCULAR IMAGING 2012



 With chronic MR, the mitral leaflet area may increase up to 35% over time, an adaptive response that
minimizes the degree of regurgitatioN

 Insufficient leaflet remodeling may contribute to severe MR
 However, even in patients with increased mitral leaflet area, papillary muscle displacement with

subsequent decreased coaptation length may still result in significant MR. 

Saito et al. JACC: CARDIOVASCULAR IMAGING 2012



 After myocardial infarction (MI), mitral valve (MV) tethering stimulates adaptive leaflet growth but 
counterproductive leaflet thickening and fibrosis augment mitral regurgitation (MR).

 MV fibrosis post-MI is associated with excessive endothelial-to-mesenchymal transition (EMT), 
driven by transforming growth factor (TGF)-b overexpression.

Bartko et al. JACC 2017





Coats et al. EHJ 2021



Is it really severe ?



TEER NOT 
PERFORMED

PROCEDURE 
STOPPED BEFORE TS 
PUNCTURE

Mécanismes variant beaucoup avec les conditions de charge et le long du cycle 
cardiaque  l’IM fonctionnelle est dynamique et variable dans le temps. 



2nd procedure 1 month later : IV loop-diuretics 5 days before 
procedure ; NT-proBNP 

Mécanismes variant beaucoup avec les conditions de charge et le long du cycle 
cardiaque  l’IM fonctionnelle est dynamique et variable dans le temps. 



Pitfalls for PISA method in SMR
 Dynamic changes in MR : there is a dynamic variation of the regurgitant orifice area 

with early and late systolic peaks and a mid-systolic decrease.

 The PISA might look like an ellipsoidal, irreguliar or linear shape.
 In SMR, vertical PISA often < horizontal PISA  When the shape 

of the flow convergence zone is not a hemisphere, the PISA 
method may underestimate the degree of functional MR  lower 
threseholds to define severe MR in SMR.

 Constrained PFCR in the setting of regional myocardial
deformity and leaflet tethering can limit the use and 
accuracy of the PFCR-based EROA computation in SMR. 





Description anatomique précise
Utilisation du mode 3D live couleur

IM fonctionnelle sévère, sur CP ischémique évoluée 
(FEVG à 20%) avec un jet central en A2-P2.
Patient traité par MitraClip dans le cadre de Mitra-FR. 



SMR due to ischemic cardiomyopathy 

 Mr fa, 70 ans
 PAC en 2016 pour lésions 3TC sévère avec occlusion CD
 Hospi pour choc cardiogénique à nette prédominance droite avec bas débit. 
 FEVG 25%, séquelle inférieure, IM fonctionnelle sévère (SOR à 0.22 cm2, volume régurgité 25 ml)
 Discussion MitraClip







• To confirm the severity of MR ++++

Vahanian et al. ESC 
Guidelines VHD 2021

Complementary role of cardiac MRI



Complementary role of 
CMR in secondary MR

- LV analysis :
o LV volume and LV remodeling
o Scar of MI
o LV Viability
o LVEF

- +/- mechanisms of MR
- Reliable and reproducible

quantification of regurgitant volume 
and regurgitant fraction

- LA volume
- RV function

Courtesy to Juliette Rousseau, CCN



Kar et al. JACC 2015Centre Cardiologique du Nord - Saint Denis - France

How to assess MR severity by CMR?





Not so easy to accurately evaluate secondary MR…even for high-quality 
centers involved in RCT trials…..

STROKE VOLUME = -1 ML



Concerning SMR mechanisms, 
what did we learn from randomized trials 

of SMR treatments ?



MITRA-FR

COAPT

Primary outcome : death or unplanned HF hospitalization

p=0,53

Stones et al. NEJM 2018

One month later

Obadia et al. NEJM 2018



x

To treat SEVERE secondary MR
EROA 0,4 cm2 for COAPT (vs. 0,3 cm2 for Mitra-FR)

COAPT paradigm
« Effective and sustainable treatment of 

secondary MR improves prognosis »
 To avoid recurrence of the MR +++



Smith et al. NEJM 2014

Baseline :
• 65 years, LVEF 40%
• Moderate MR SOR 0,2 cm2



MITRAL REGURGITATION : 
same definition of severity for primary and secondary MR





COAPT paradigm
"Effective and sustainable treatment of 
secondary MR improves prognosis »
 To avoid recurrence of the MR +++

Most complete correction of 
SMR during the procedure:

 Center experience
 High number of procedures
 More clips implanted per patient

To treat SEVERE secondary MR
EROA 0,4 cm2 for COAPT (vs. 

0,3 cm2 for Mitra-FR)



Goldstein et al. NEJM 2016

Baseline :
• 77 years, LVEF 40%
• Severe ischemic MR SOR  0,4 cm2
• CABG in 75% of each group

No significant between-group difference in left 
ventricular reverse remodeling or survival at 2 years. 



TEE at 6 months : no detachement of the clip, 
new severe MR with a rupture of chordae tendinae. LVEF : 30%, sPAP 70 mmHg.



 Mr BA, 75 years-old
 Successful redo mitraclip

procedure with implantation of 
a second clip (lateral)

 Final mitral area : 0.6 + 1.1 = 1.7 
cm2

 Mean gradient : 4-5 mmHg.
 LVEF 25%, sPAP 50 mmHg.

Vue OG Vue VG



Magne et al. Cardiology 2009

Stones et al. NEJM 2008

Goldstein et al. NEJM 2016

Considering COAPT results, concerning recurrence of 
moderate to severe MR, Mitraclip is :

- Better than GDMT
- Better than annulopasty
- Better than MVR

….  to be confirmed



Optimal medical treatement +++
in association with the MitraClip

COAPT paradigm
"Effective and sustainable treatment of secondary

MR improves prognosis »
 To avoid recurrence of the MR +++

Most complete correction of 
SMR during the procedure:

 Center experience
 High number of procedures
 More clips implanted per patient

To treat SEVERE secondary MR
EROA 0,4 cm2 for COAPT (vs. 

0,3 cm2 for Mitra-FR)



First treat underlying LV 
dysfunction ++
- OMT
- CRT
- Revascularisation 







 65 y-old woman
 Previous rheumatic MR 

grade ¼
 Recent large LBBB
 NYHA III
 LVEDD 64 mm ; 
 LVESD 56 mm
 LVEF 33% 
 Severe SMR : EROA 0.31 

cm2, vol reg 50 ml
 Dilated LA
 Normal sPAP

 LVEDD 44 mm ; 
 LVESD 32 mm
 LVEF 60% 
 IM ¼
 Dilated LA
 Normal sPAP

10 months after CRT-D, NYHA I



Cardioversion 
and/or 

ablation





Severe prognosis (control or TEER) +++++

All-cause Mortality
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ADAMO et al. JACC ITVN 2023



CONCLUSION
 Impact of LV geometry on secondary MR mechanisms
 Assess severity : TTE, TEE, CMR
 Symptomatic secondary severe MR:
- Treat underlying LV disease +++ : GDMT, CRT, 

revascularisation, concomitant AS, AF ablation
- TEER > > surgery if COAPT phenotype.
- Continue to optimize GDMT ++++




