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Echocardiographic Assessment of MR 



Echocardiographic Parameters for MR



Colour Flow Doppler Qualitative Assessment

• Spatial distribution of velocities

• Sometimes misleading especially with eccentric jets





Pulmonary Vein Flow Reversal



PISA Method Proximal Isovelocity Surface Area

• Blood rushes 
into an orifice

• Formation of 
hemispheres

• Increasing 
velocity and 
decreasing 
surface area



Calculation of EROA [Effective Regurgitant Orifice Area], 
Rvol [Regurgitation Volume], RF [Regurgitant Fraction]







Indicator of MR severity

• Colour Jet Area >1/2 LA Area

• Regurgitation Volume >= 60 ml

• Regurgitation Fraction > 50%

• ERO >= 0.4cm2



Regurgitation Volume and ERO

ASE Grading
Rvol (mL) ERO (mm2)

Mild Grade I <30 <20

Moderate Grade II 30-44 20-29

Grade III 45-59 30-39

Severe Grade IV >=60 >=40









Carpentier Classifications

• Type I Normal leaflet motions (annular dilatation, leaflet perforation)

• Type II Excess leaflet motion (prolapse, frail, papillary muscle rupture)

• Type IIIa Restricted leaflet motion during systole and diastole (thickening, 
retraction)

• Type IIIb Restricted leaflet motion during systole only (tethering)





Etiology of Mitral Regurgitation: Primary MR



Mitral Valve Prolapse

• Carpentier
Classifications

• P2 most common 
site of localized 
prolapse and frail

• Defined as
• abnormal leaflet 

displacement >= 
2mm above MA in 
a long-axis view

anterolateral

posteromedial

A3



MV Prolapse Leaflet displacement >= 
2mm above mitral annulus into LA 

MV Frail Leaflet tip everted into LA



Degenerative MR

• Myxomatous degeneration
• Abnormal accumulation of mucopolysaccharides

• Altered extracellular matrix/matrix metalloproteinase, 
cysteine endoproteases, tenomodulin

• Barlow disease

• Fibroelastic deficiency
• Abnormal connective tissue structure leads to loss of 

mechanical integrity



• Etiology – complex and viable
• Acquired

• Genetic cause

• Myxomatous degeneration
• Genetic disorder of connective tissue

• Heterogenous
• Autosomal dominant

• X-linked

• Variable penetrance

• Sex- and age- dependent



• Abnormal bulging of mitral valve leaflets during 
systole

• Frail – segments of leaflet protrusion into atrium
• Typically associated with torn chordae or ruptured 

papillary muscle

• Loss of leaflet restraint

• Most recent studies – Incidence 2-3%



Etiology of Mitral Regurgitation: Secondary MR



Secondary MR

• Functional MR
• Valve leaflets, chordae – structurally normal
• Imbalance between

• Closing force
• Tethering force 
• Altered LV geometry
• LV gradient

• Annular dilatation
• Chronic AF/LA enlargement

• Proposed lower threshold -
• EROA 20mm2

• Regurgitation Volume 30ml



Mechanism of Secondary MR



Mitral regurgitation and Chronic Atrial Fibrillation



Atrial 
Fibrillation

Mitral 
Regurgitation





Incidence of New AF after DMR Diagnosis



Increased Incidence of New AF with Age



Increased Incidence with LA dimension



Survival in Relation to AF in DMR



Atrial 
Fibrillation

Mitral 
Regurgitation



• Between 14% and 26.4% of the patients included in 
the landmark clinical trials on NOAC showed 
significant valvular heart disease other than 
moderate and severe mitral stenosis or mechanical 
valve prostheses

• Most common is MR (73 to 90%)



Mechanism of Atrial Functional MR

• LA and MA dilatation displace the posterior MA above the crest of 
LV, pressing the PML against

• Leaving little leaflet surface for coaptation

• PML tethering

• Counterclockwise torque across intertrigonal axis – AML tethering  

Normal AF



MR

AF

AF

MR



Etiology of Mitral Regurgitation: MR following AMI



Major causes of MR following AMI

• Papillary muscle rupture

• Rupture of a head of a chordae tendineae

• Ischaemia/Scar of the papillary muscle

• Mitral annulus dilatation

• Change in global geometry of the left ventricle with 
tethering of the mitral leaflets

• Preexisting MR



Normal mitral apparatus

Partial rupture papillary 
muscle

Complete rupture 
papillary muscle

Ischaemia/ 
Infarction/Scarring

Infarction in non-
PM areas

Inferobasal
infarction leads to 
change in LV 
geometry



Papillary Muscle Rupture

• Rare 1-5% of patients with AMI

• Literature first identifies papillary muscle rupture as 
early as 1948

• Visualization via TTE first reported 1981

• First report identification with TTE in 1985

• Main causes
• STEMI
• NSTEMI
• Trauma
• Endocarditis
• Autoimmune



• Mostly PosteroMedial papillary muscle
• Single blood supply from PDA (RCA > LCx)

• AnteroLateral papillary muscle
• Dual blood supply

PM – 6-12 times more common

Usually 2-7 days post ischaemic events



Acute MR - Management

Overall goal

Stabilization  Mitral surgery/Intervention

• Vasodilators

• Inotropes

• IABP

• Mechanical haemodynamic support

• Diuretics



Other Special Forms of MR



• Incidental finding of a heart murmur

• Chest pain

• Shortness of breath, decreased exercise tolerance 
suggestive of heart failure

• Palpitation

• Fever or embolic complications due to underlying 
infective endocarditis

• VT/VF/Sudden cardiac death (SCD)

What could be the presenting 
symptom of severe MR?



1st ECG



• LVDd 6.2 cm, LVSd 4.5 cm, EF 52.6%

• LGE in the posterior papillary muscle compatible 
with scar

• Small intramural scar also seen in mid inferior wall

CMR



• Coro N
• Spontaneous PVC of (1) RBBB inferior axis
• Transition of V4 (2) RBBB superior asix
• Transition of V3 noticed
• Double potentials at posterior papillary muscle
• Voltage map: scarring + double potentials 

extending form the tip to base of posterior 
papillary muscle to 2 cm towards the septum

• Inducible VT of clinical morphology confirmed 
exceeding from the base of posterior papillary 
muscle 

Electrophysiology Studies



• Prevalence of MVP in general population ~ 2-3%

• Estimated rate of SCD in MVP ~ 0.2-0.4% per yrear

• High risk subgroup – LV dysfunction due to severe 
MR

• SCD may occur in patients with no or trivial MR

MVP and SCD



Malignant MVP Syndrome

• MV repair and ablation

• SICD/ICD



Management Guidelines





Management Guidelines for MR

• 2017 AHA/ACC Focused Update of the 2014 
AHA/ACC Guideline for the Management of 
Patients With Valvular Heart Disease





Intervention: Primary MR

Symptoms + EF > 30%

No Symptoms + impaired/dilated LV

MV repair preferred

MV repair preferred

Concomitant Severe Primary MR



*

MR begets MR
MV surgery in anticipated 
progression

Asymptomatic +
New onset AF/Resting PTH



Concomitant moderate primary MR

MV repair vs MVR

MitraClip

EF < 30





Intervention: Secondary MR

Concomitant Severe Secondary MR

Chordal-sparing MVR preferred over 
downsized annuloplasty repair 



*

MVR/Replacement NYHA III/IV GDMT

MV Repair in Moderate ischaemic MR 
undergoing CABG - Uncertain



Moderate MR undergoing CABG

• There is continuing debate regarding the 
management of moderate ischaemic mitral 
regurgitation in patients undergoing CABG 

• A randomized controlled trial could not show a 
benefit of concomitant valve surgery

Michler RE, Smith PK, Parides MK, Ailawadi G, Thourani V, Moskowitz AJ, Acker MA, Hung JW, Chang HL, 
Perrault LP, Gillinov AM, Argenziano M, Bagiella E, Overbey JR, Moquete EG, Gupta LN, Miller MA, 
Taddei-Peters WC, Jeffries N, Weisel RD, Rose EA, Gammie JS, DeRose JJ Jr, Puskas JD, Dagenais F, Burks 
SG, El-Hamamsy I, Milano CA, Atluri P, Voisine P, O’Gara PT, Gelijns AC, CTSN. Two-year outcomes of 
surgical treatment of moderate ischemic mitral regurgitation. N Engl J Med 2016;374:1932–1941



Management Guidelines for MR

• 2017 ESC/EACTS Guidelines for the management of 
valvular heart disease



In secondary MR, lower thresholds have been proposed to define severe mitral regurgitation
compared with primary mitral regurgitation [20mm2 for effective regurgitant orifice area
(EROA) and 30mL for regurgitant volume], owing to their association with prognosis



2014 AHA/ACC Guidelines - yes

2017 AHA/ACC Guidelines – going back to 
same definition

• Grigioni F, Enriquez-Sarano M, Zehr KJ, Bailey KR, Tajik AJ. Ischemic 
mitral regurgitation: long-term outcome and prognostic implications 
with quantitative Doppler assessment. Circulation 2001;103:1759–1764.

ESC Guidelines



*Moderate Secondary MR + CABG X





Intervention: 
Primary MR



Intervention: Secondary MR



Open Mitral Valve Repair





Features suggestive of a high 
likelihood of successful repair

• Posterior leaflet prolapse

• Commissural prolapse

• Rupture chordae to the posterior leaflet

• Congenital cleft

• Small perforation





Transcatheter Mitral Valve Repair



Abbott MitraClip System

• Percutaneous Mitral Repair with MitraClip

Arm

Gripper

Gripper 
Lever

Lock
Lever

Arm
Positioner
Knob

Actuator
Knob



Position Clip to MR Origin
Opposite A2/P2 and perpendicular to LOC
Clip opened (180°)

MitraClip
Device

Stabilizer
Steerable guide, sleeve and catheter

Steerable
guide handle

Clip delivery system

Delivery
catheter 
handle



COAPT Trial for Functional MR

• 614 patients, 78 sites

• GDMT vs MitraClip+GDMT

NEMJ 2018



COAPT – Study Design

COAPT Investigators. Transcatheter Mitral-Valve Repair in 
Patients with Heart Failure. N Engl J Med 2018; 379:2307-2318



months

Primary composite endpoint
(99% follow-up)

- All-Cause Death

- Unplanned rehospitalization for HF

Mitraclip + Medical Rx

Medical Rx

OR = 1.16 (0.73-1.84)
P = 0.53



MITRA-FR vs COAPT



FDA approval MitraClip Secondary MR 
14/3/2019 



Surgical Annuloplasty for Functional MR



Edwards Cardioband

Direct Annuloplasty



Edwards Cardioband



Edwards Cardioband

• 6 sizes

• CT assessment of annulus size



6-Month Results with the Cardioband
Percutaneous MV Repair System
MR severity from baseline to 6 months

Nickenig.

JACC Intv 2016



NeoChord DS100

• Artificial chord implantation

• ePTFE material

• Transpical system







Transcatheter Mitral Valve Replacement



Transcatheter Mitral Valve 
Implantation

• Medtronic Intrepid 

• Edwards CardiAQ

• Abbott Tendyne



Edwards SAPIEN M3

• Leverages SAPIEN 3 Valve tissue and frame

• Knitted PET skirts aids in sealing 

• 29mm Valve

• 20Fr eSheath compatibility

• Transseptal system







Conclusion

• Mitral Valve 
• complex structure
• more of apparatus than valves
• pathologies in one level can affect the other levels
• cascade of events into vicious cycle

• MR has significant impact on morbidities and mortality

• Challenges in quantifications

• Primary and Secondary MR very distinct entities

• Mixed etiologies

• Dynamic degree of MR

• Updated evidence in clinical management guidelines and 
evolving minimal invasive intervention techniques





Thank you!


