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Mitral Regurgitation: Not a single 
disease entity

Benjamin MM et al. Curr Cardiol Rep 2014;16:517 

Functional Mitral 
Regurgitation (FMR)

LV Dysfunction 
Dilated Annulus

(Non-ischemic or ischemic 
dilated cardiomyopathy)

Loss of leaflet coapation due to:
▪ annular enlargement
▪ Papillary muscle displacement causing 

leaflet tethering/tenting

Etiologies

Etiologies:
▪ Advanced Barlow’s Disease
▪ Fibroelastic deficiency

(affects leaflets and annulus)
Leaflet prolapse due to:
▪ Leaflet deformities or lesions
▪ Ruptured/ elongated chordae
▪ Papillary muscle rupture

Mitral Regurgitation

LA Dysfunction
Dilated Annulus 

(Chronic atrial fibrillation, 
hypertension)

Degenerative Mitral 
Regurgitation (DMR)

Mitral 
valve

Chordae 
Tendnae

Papillary muscles

Left Atrium

Left 
ventricle



Ventricular Remodeling in Heart Failure

• Adverse ventricular remodeling is a common 
feature of advanced heart failure 

• Progressive remodeling following myocardial injury 
is a result of neurohormonal activation

• Remodeling is characterized by left ventricular 
enlargement and transition from an elliptoid shape 
to a sphere

Jessup and Brozena, NEJM 2003



Etiology of Functional MR

Asgar et al. JACC 2015



The Vicious Cycle Of Heart Failure 

Volume 
overload

LV dilation

FMR

Increased 
volume 

overload &  
LV dilation

Worsening 
FMR

Can MitraClip interrupt 
this cycle or at least slow 

the progression?



The COAPT Trial
Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart 

Failure Patients with Functional Mitral Regurgitation

A parallel-controlled, open-label, multicenter trial in 614 patients with heart failure and 
moderate-to-severe (3+) or severe (4+) secondary MR who remained symptomatic 

despite maximally-tolerated GDMT

Randomize 1:1*

GDMT alone
N=312

MitraClip + GDMT
N=302

*Stratified by cardiomyopathy etiology (ischemic vs. non-ischemic) and site
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RCTs of Transcatheter Mitral Valve Repair in 
Patients with Heart Failure



COAPT vs. MITRA-FR: 12-Month Death or HF Hosp

Stone GW et al. NEJM. 2018 Sept 23.

COAPT
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Obadia JF et al. NEJM. 2018 Aug 27. doi: 10.1056/NEJMoa1805374
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Why are the COAPT Results so Different from MITRA-FR?

MITRA-FR (n=304) COAPT (n=614)

Severe MR entry criteria
Severe FMR by EU guidelines: EROA 

>20 mm2 or RV >30 mL/beat
Severe FMR by US guidelines: EROA 

>30 mm2 or RV >45 mL/beat

EROA (mean ± SD) 31 ± 10 mm2 41 ± 15 mm2

LVEDV (mean ± SD) 135 ± 35 mL/m2 101 ± 34 mL/m2



3 Patients with EROA of 30 mm2

LVAD,

transplant,

hospice

MR correction 

likely to be 

beneficial

c/o Paul Grayburn



Paul A. Grayburn et al. JIMG 2018;j.jcmg.2018.11.006

Conceptual framework that distinguishes potential patients that may benefit from 
TMVr amongst the heterogeneous group of patients with FMR due to LV disease



Multiparametric Echo MR Assessment

EROA ≥ 0.3 cm2
or

PV systolic flow 

reversal

N=570 (85.7%)

EROA 0.2 cm2 - <0.3 cm2
With any 1 of the following:

•RV ≥ 45 ml/beat

•RF ≥ 40%

•VC width ≥ 0.5 cm

N=70 (10.5%)

EROA <0.2 cm2 or NA
With at least 2 of the following:

•RV ≥ 45 ml/beat

•RF ≥ 40%

•VC width ≥ 0.5 cm

•PISA radius > 0.9 cm but no CW

•Large (≥ 6.0 cm) holosystolic jet 

wrapping around LA

•Peak E velocity ≥ 150 cm/s

N=25 (3.8%)

Secondary MR, Severity 3+ or 4+
(Graded by 1 of 3 criteria

+ LVEF 20%-50% and LVESD ≤70 mm

No severe PHTN or RV failure



Why are the COAPT Results so Different from MITRA-FR?

MITRA-FR (n=304) COAPT (n=614)

Severe MR entry criteria
Severe FMR by EU guidelines: EROA 

>20 mm2 or RV >30 mL/beat
Severe FMR by US guidelines: EROA 

>30 mm2 or RV >45 mL/beat

EROA (mean ± SD) 31 ± 10 mm2 41 ± 15 mm2

LVEDV (mean ± SD) 135 ± 35 mL/m2 101 ± 34 mL/m2

GDMT at baseline and FU

Receiving HF meds at baseline –
allowed variable adjustment in each 

group during follow-up per “real-
world” practice

CEC confirmed pts were failing 
maximally-tolerated GDMT at 

baseline – few major changes during 
follow-up 



Why are the COAPT Results so Different from MITRA-FR?

MITRA-FR (n=304) COAPT (n=614)

Severe MR entry criteria
Severe FMR by EU guidelines: EROA 

>20 mm2 or RV >30 mL/beat
Severe FMR by US guidelines: EROA 

>30 mm2 or RV >45 mL/beat

EROA (mean ± SD) 31 ± 10 mm2 41 ± 15 mm2

LVEDV (mean ± SD) 135 ± 35 mL/m2 101 ± 34 mL/m2

GDMT at baseline and FU

Receiving HF meds at baseline –
allowed variable adjustment in each 

group during follow-up per “real-
world” practice

CEC confirmed pts were failing 
maximally-tolerated GDMT at 

baseline – few major changes during 
follow-up 

Acute results: No clip / ≥3+ MR 9% / 9% 5% / 5%

Procedural complications* 14.6% 8.5%

12-mo MitraClip ≥3+ MR 17% 5%

*MITRA-FR defn: device implant failure, transf or vasc compl req surg, ASD, card shock, cardiac embolism/stroke, tamponade, urg card surg



Benefit sustained 
at longer term 

follow up







Outcomes 
determined by 

procedural result



What do the crossovers show us?





Treatment with MitraClip, even late, provides 
clinical benefit



Responders vs Non-Responders



Early clinical benefit results in improved long term 
outcomes





Impact of Mitral Gradient on Outcomes



MitraClip in Heart Failure – What have we learned?

• Treatment with MitraClip in patients with heart failure 
despite GDMT results in sustained clinical benefit

• Late treatment provides the same clinical benefit

• Clinical outcomes linked to quality of life benefit

• Patients with pulmonary hypertension or residual gradient 
also derive the benefit

• Future studies will need to determine whether indications 
should be broadened (anatomic restrictions, earlier 
treatment, etc.)



Ideal Candidate for MitraClip in Heart Failure

• Favorable anatomy (lack of calcium, clefts, broad jets, small 
MVA) 

• Proportionate Mitral Regurgitation

• Symptomatic despite GDMT

• Earlier Treatment


