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Thought 1

What is etiology & mechanism?



Secondary MR

• Distortion of the MV apparatus due to LV and/or 

LA remodeling

• One or both of the MV leaflets are pulled apically 

into the LV as a result of the outward 

displacement of the papillary muscles. 

• The leaflets are apically displaced, tethered, and 

may have restricted mobility, especially the 

posterior leaflet. 

2017 ASE Guideline for Native Valvular Regurgitation



Increasing Prevalence of FMR

Primary 
MR; 53%

Secondary 
MR; 9%

Etc; 33%

2011

EuroHeart Survey

Primary 
MR; 45%

Secondary 
MR; 29%

Etc; 26%

2018

EORP VHD II Registry



Imbalance between Tethering & Closing force

Ischemic 
LV distorsion

Annular 
dilatation

Tethering

force▲

closing force▼



Atrial vs. Ventricular Functional MR

J Am Coll Cardiol 2019;73:2465–76



Pitfalls in assessing MR Etiology

• The posterior leaflet is severely restricted/tethered, 

anterior leaflet overrides it with an obvious gap. This is 

pure secondary MR.

J Am Coll Cardiol Img 2021;14:843-53



Thought 2

Severe MR can be reversible?



Case : 49 Year-old Woman

• C.C. : DOE (NYHA II) and palpitation

Generalized edema 

• D..   : 1 year

• PHx. : HTN (-) DM (-) Dyslipidemia (-)

• Referred to out-patient clinic  

• BP : 150/90 mmHg HR 91 bpm

• PEx. : Systolic murmur at apex









LVEDD/SD 60/43 mm, LVEF 58 %

E/e’ 16,  RVSP 60 mmHg 





Adenomyosis & Hypermenorrhea

➔ OBGY ➔ IUD insertion 

2014/4/6   7.8

2014/4/21  8.7 

2014/5/22  10.2

2014/7/3   13.1 



Decreased MR to trivial 

Normalized LV chamber size and normal EF 

Normalized estimated LV filling pressure 

Normalized RVSP



Cause of Dynamic MR
• Hypertension

• Volume status

• Anemia

• Hyperthyroidism

• CAD

• Arrhythmia

• HCMP



CASE: 78 YO Man

▪ C.C. : DOE and Orthopnea (NYHA III) 

▪ P.Hx :          STEMI S/P PTCA with stent at RCA (2017.5) and LAD (2017.10) 

HTN (+) DM (-), Alcohol (+) social,  Smoking (+) ex

S/P Thoracentesis 2017.10 

▪ V.S.  : BP  116/80 mmHg, HR 104 BPM

▪ LAB. : Hb 14.9, BUN/Cr 33.4/1.03, NT-proBNP 3,191 pg/mL



2017.5 2017.5 2017.10

LVEDD/ESD 65/59 mm, LVEF 21%, EROA 0.63 cm2, RV 63 ml, RVSP 78 mmHg



Medications (outside hospital) 

Aspirin 100 mg qd

Clopidogrel 75 mg qd

Sigmart 5 mg tid

Rosuvastatin 20 mg qd

Furosemide 40 mg bid

Spironolactone 25 mg qd

Medication add-on

Ivabradine 5 mg bid  ➔ 7.5 mg bid

Carvedilol 3.125 mg bid

Valsartan  ➔ Sacubitril/Valsartan 50 mg bid 

NYHA I, NT-proBNP 187 pg/ml



GDMT for 6 months

GDMT for 18 months



Management of Secondary MR



Thought 3

How severe?

- Quantification of DMR & FMR is same?

- What is limitation of current quantification tool?



How to assess FMR

J Am Soc Echocardiogr. 2017 Apr;30(4):303-371



Evaluation of Secondary MR

• Echocardiography

- Vena contracta width, PISA

• Severe in “Secondary MR”

- EROA > 20mm2, RV > 30ml → >40mm2, >60ml

• Assessment of LV systolic function is complicated

• Stress echo for dynamic MR

- Exercise induced EROA increase > 13mm2

- Poor prognosis (death, hospitalization)



Severity

▪ Semi-quantification

▪ Flail leaflet

▪ Vena contracta

▪ PISA radius

▪ Central jet area

▪ PV systolic flow 

reversal

▪ Enlarged LV 

▪ Mitral inflow

▪ Quantification

▪ ERO, RV, RF

2017 ASE guideline



MR quantification

2017 ASE guideline

Volumetric methods
PISA methods



Limitation in MR quantification
• Assumption

- Not combined multivalvular 

disease

- Round-shape LVOT and MA

• Small errors in each 

measurement can magnify error

• PW Doppler method and LV 

volume method frequently 

showed different results



Limitation in MR quantification

Assumption in PISA

• Hemispheric 

proximal 

convergence zone 

with radius R

• Regurgitation is not 

dynamic



Pulmonary vein reversal flow

• Simple and useful method for evaluation of “severe” MR

• Not available in every patient

• Influenced by direction of flow, LA pressure and cardiac 

rhythm (AF)



▪ FACT 1: Patients with EROA > 0.2 cm2 have two-fold increase in 

mortality risk and four-fold increase in the risk of HF. 

Grayburn PA et al. J Am Coll Cardiol 2014;2792-801.

▪ FACT 2: Measurement of PISA underestimates the true EROA due to 

crescent shape of PISA in secondary MR.

Theoretical considerations support the concept that lesser degrees 

of MR could have an adverse hemodynamic effect in secondary MR 

wherein the LV is already damaged.

FMR is different with DMR



Underestimation of EROA by PISA

▪ EROA shape in secondary MR is usually “crescentic” 

Kwan J et al. Circulation 2003.

Little SH et al. JACC Imaging 2008.

Yosefy C et al. Am J Cardiol 2009. 

Marsan NA et al. JACC Imaging 2009.

Shanks M et al. Circ CV Imaging 2010. 

Garyburn PA et al. Circulation 2012

Primary MR (Prolapse)Functional MR

Matsumura Y et al. Am Heart J. 2008

EROA highly elongated in FMR, more focal in MVP



Grayburn PA et al. J Am Coll Cardiol 2014;2792-801.

An Example: EROA Underestimation by PISA 

EROA = 0.18 cm2

EROA = 0.35 cm2

By 2D PISA radius and CW Doppler 

By 3D color Doppler 

Underestimation



Integrating multiple qualitative, semi-quantitative, and 

quantitative parameters

Qualitative Doppler

MR jet 

Semi-Quantitative

Mitral inflow



Semi-Quantitative

Mitral inflow

Advantages Pitfalls

E velocity ≥ 1.2 m/sec

: A simple supportive sign of 

severe MR (volume load)

Depending on LV relaxation and 

filling pressures

Dominant A-wave inflow pattern 

virtually excludes severe MR

High E velocity not specific for 

severe MR in secondary MR, atrial 

fibrillation and mitral inflow 

stenosis



Qualitative Doppler Duration of MR is Important 

▪ Usually Not Severe 

MR limited to late systole (MVP)

MR limited to early systole (Ventricular dyssynchrony)

▪ Single frame measures (VC or PISA) can overestimate

Holosystolic MR Late Systolic MR Early Systolic MR



Qualitative Doppler

CWD jet 
Shape & Density

Advantages Pitfalls

Simple Qualitative

Density is proportional to the number 

of RBCs reflects the signal

Perfectly central jets may appear denser 

than eccentric jets of higher severity

Faint or incomplete jet is compatible

with mild MR

Density is gain dependent

A triangular contour denotes a large 

regurgitant pressure wave and 

hemodynamic significance

A contour with a early peak velocity is 

not sensitive for severe MR



Grading Functional MR

J Am Coll Cardiol 2019;73:2506–17



Thought 4

Is there any solutions for FMR 

assessment?



Circ Cardiovasc Imaging. 2014;7:535-544.

3D MR quantification



3D VCA Measurement of MR

J Am Coll Cardiol Intv 2019;12:582–91Circ Cardiovasc Imaging. 2010;3:694-700.



3D VCA Measurement of MR



3D VCA Measurement of MR

3D VC area: 0.64cm2



44

(Severe 3D VCA > 0.4 
cm²

3D VCA Measurement of MR



RV: 22.3ml, Maximal flow rate: 130.5ml/s

Beyond the 3D Assessment : 
4D assessment of MR (4D-CFQ)



4D quantification of MR

3D MR regurgitant volume: 16.2ml



Thought 5

Assessment of FMR related with 

intervention.

- Clipability

- Post intervention assessment 



MR and Heart Failure

Adverse LV Remodeling

Severe MR

Worsening HF symptom

Hospitalizations

QOL, Mortality

MR Clipping

New Drug  

Consideration #1 before deciding MR Clipping



Flail width Flail gapLocation of pathology

Deep identations/Clefts Severe Calcification / Small MVA

MVOA = 3.7 

cm2

Characterization of Valve Morphology



Characterization of MR jet

▪ MR jet location / direction

▪ MR jet number

▪ MR severity: 3D color Doppler VCA



Characterization of Hemodynamics

▪ Systolic flow reversal in right 

and left pulmonary veins

▪ Peak / mean diastolic gradients

▪ LVOT Stroke Volume 

▪ PASP
LVOT SV = 60 

cc

LUPV RUPV



Take Home Messages

• Functional (2ndary) MR: sick heart → sick valve

• Main mechanism of FMR: Insufficient leaflet area relative to tha

t demanded by tethering geometry  “tethering”

• Accurate assessment of FMR is still challenging 

• Integrate multiple qualitative, semi-quantitative, and quantitati

ve echocardiographic parameters 

• Special consideration is needed for evaluation of secondary M

R including 3D VCA, 4D CFQ. 

• Actively consider further testing (TEE or CMR) for evaluation o

f MR if indicated.



2024 Ech360 Structural Heart Imaging
(Hybrid Meeting)
Nov 8-9, 2024

Mayfield resort, Seoul, Korea

Directors: Geu-Ru Hong, Mani Vannan, Patrizio Lancellottii

Official website: Echo360.co.kr





Thank you for your attention
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