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72 yo asymptomatic man with DMR

R=0.84

TVI = 
270cm

Vmax = 690

ERO  = 0.30 cm2

RVol = 84cc/beat

72 years old gentleman with MR
MR quantitation
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Peak exercise VT

Patient still not 
interested in surgery

• Ex testing: 

12 mins on O2 
protocol

• Double product: 
31,000

• Peak VO2: 

26 ml/kg/min or 

107 % of expected

1 month after last visit: Cardiac arrest

• ‘He was sitting on packing box, then slumped over and was 
found on the floor unresponsive.’ 

• 911 was called, Patient found in VFib.  

• Patient was shocked twice.  Returned to sinus rhythm

In Hospital

• EKG: sinus rhythm, 86/mn

• Physical examination: O2sat 97% on room air, BP147/84, no 
sign of pulmonary edema,  systolic murmur 3/6

• CT : No evidence of hemorrhage, with a small lacunar infarct 
in the right subinsular region

• Coronary and LV angiograms
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CORONARY  Summary
• middle LAD is 40% obstructed by a single discrete lesion

• First marginal branch is 60% obstructed by a single lesion

• middle RCA by a single mild discrete lesion

LV Gram
• Mild LV dilatation, EF 59%

• Moderate MR ?

CARDIAC SURGERY

• Mitral valve repair

• Coronary artery bypass grafting IMA to LAD, SVG OM

• Then ICD implantation……no further discharge!
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SUDDEN DEATH IN MR-FL
25/348 Patients, Age 719 Yrs

• Male 84%
• Atrial fibrillation (36%)
• Hypertension (28%)
• Posterior leaflet (87%)

• Male 84%
• Atrial fibrillation (36%)
• Hypertension (28%)
• Posterior leaflet (87%)

MR Due to Flail Leaflet
Mode of Death

MR Due to Flail Leaflet
Mode of Death

Incidence
(%)

Years after diagnosis

Total mortality
Cardiac mortality
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Mitral Regurgitation
Sudden Death Rate

Mitral Regurgitation
Sudden Death Rate

1.8% per year1.8% per year

CP1041260-14
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Sudden Death in MR
Due to Flail Leaflet

Sudden Death in MR
Due to Flail Leaflet
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Mitral Regurgitation
Sudden Death Rate

Mitral Regurgitation
Sudden Death Rate

No Risk Factor
0.8% per year

No Risk Factor
0.8% per year

CP1041260-14

Effect of Surgery

Hazard Ratio
0.29 [0.11-0.72]
Hazard Ratio

0.29 [0.11-0.72]

Degenerative MR
Sudden Death

• Notable proportion of overall 
mortality of DMR

• More frequent with Sx, low EF, AF
• SD events may occur without risk 

factors
• SD rate is markedly reduced by 

Mitral Surgery
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MR Postop. Outcome
Long-term Survival
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Organic MR main determinant of 
outcome:  Mitral Valve Repair

Organic MR main determinant of 
outcome:  Mitral Valve Repair
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MR: Mitral Valve Repair

CP908602- 19
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MR due to Flail leaflets: Early surgery candidates
No Heart failure symptoms, EF≥60, LVS<40mm
RR 0.55 0.52
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Degenerative MR
Sudden Death

In patients with DMR moderate or 
severe, the best prevention of SD is: 

Elective mitral valve repair
Performed at low-risk
With requirement of “Perfection”
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Mitral Valve Prolapse
Outcome is a

great source of Confusion

Few Complications
Sudden 
Death
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Cardiologists used to call that
Mitral Valve Prolapse?

The Saddle-shape of the 
Mitral annulus 
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Mitral Valve Prolapse

Prevalence of MVP

Previously 5-17% 
overestimated

With current 0.6-2.4%
criteria
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Mitral Valve Prolapse

Freed, LA et al. N Engl J Med. 1999;341:1-7.
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Mortality and Morbidity

Events
(%)

Years after diagnosis

Asymptomatic MVP in the Population

30±2

19±2
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CV morbidity
Overall mortality
CV mortality

Asymptomatic MVP
Risk Stratification

Primary Risk 
Factors (mort)

• EF<50%
• MR 
moderate

Secondary Risk 
Factors (morb)

• Age  50 years
• A Fib
• Slight MR
• Flail leaflet
• LA  40 mm
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Outcome of MVP – Risk Stratification

3 groups No. %
No or 1 secondary RF 430 52
2 secondary RF 250 30
Primary RF 153 18

• MR ≥ moderate 131
• EF <50% 31
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ERO (mm2)

All studies confirm:
-MR severity is the major 

determinant of MVP outcome
-Poor outcome in the group 

with severe MR
-Benign outcome in the group 

with no/mild MR

MVP 
in the current era
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Mitral Valve Prolapse and
Sudden Death

Mitral Valve Prolapse and
Sudden Death

CP1058261-1
Am J Cardiol 89:435, Feb 15, 2002Am J Cardiol 89:435, Feb 15, 2002

“…Our son, Crick, had mitral valve 
prolapse.  I think he is the only one 
who died suddenly of thousands of 
patients I’ve seen with mitral valve 
prolapse.”

“…Our son, Crick, had mitral valve 
prolapse.  I think he is the only one 
who died suddenly of thousands of 
patients I’ve seen with mitral valve 
prolapse.”

W. Proctor Harvey, MD, FACC:  
Conversations with the Editor

William C. Roberts, MD

W. Proctor Harvey, MD, FACC:  
Conversations with the Editor

William C. Roberts, MD
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How do we recognize one in a crowd ?

650 SCD age<40
MVP =43, 6.6% 
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52 arrhythmic MVP (??) no/mild MR
MRI for LGE

36 LGE+  16 LGE-
MAD               4.8 1.8 mm
Bi MVP           72% 31%
Complex VA    89% 6%

Autopsy SCD
MAD=

MVP 3mm
NoMVP 1mm

Isolated MVP and SUD
There a typical phenotype found in 
SD associated with isolated MVP:
-Clinically: Syncope/presyncope

-Echo: severe myxomatous disease 
with annular disjunction

-ECG: PVC-VT from PPM or annulus
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26 y.o. with hx of presyncope
works as nursing aid
SCA due to VF requiring 8 
defibrillation for SR return

To prevent the exponential increase in costs, referrals,
and false‐positive results, only MVP patients with

red flags, particularly MAD and systolic curling, besides
arrhythmic presentation, will undergo further investigation,

including contrast‐enhanced or T1 mapping CMR
and a strict arrhythmia surveillance for proper management

and SCD prevention.

MAD, the red alert ?
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What is the Mitral Annulus ?

Mitral Annulus

Hutchins GM, NEJMed 1986; 314: 535-40

Normal atrio-valve and ventricle junction

Thin leaflets
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Left Atrial Function

What is the Mitral Annulus Function ?
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3D Echocardiography

What is the Mitral Annulus Function ?

AP contraction

Saddle-shape
accentuation
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Mitral Annulus Disjunction

Hutchins GM, NEJMed 1986; 314: 535-40

Mitral Annulus Disjunction

Perrazolo-Mara M, Circ Img 2016;9:e005030.
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Mitral Annulus Disjunction
Surgical inspection

Eriksson MJ, JASE 2005; 18; 1014-22

/ #2 MAD

MAD DIAGNOSIS

2022
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/ #2 MAD

2022

MAD DIAGNOSISMAD DIAGNOSIS

TTE of MAD definition

dynamic evaluation+++ step-by-step
approach with carefull visualisation of 
MV annulus in PSLA view

MAD= 
DETACHEMENT OF 

THE INSERTION 
FROM THE LV 
MYOCARDIUM

LV

LA

LV

LA

LV

LA

LV

LA

INSERTION OF 
THE POSTERIOR 
LEAFLET

FRAME BY FRAME

/ #2 MAD

2022

MAD DIAGNOSIS: Echo

FRAME BY FRAME
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MAD diagnosis
MAD diagnosis requires: 

-Recognition of the mitral annulus 
position frame by frame in LAX 
views throughout systole, then

-Detection of separation annulus-LV 
myocardium at mid and late-systole
-Determination of MVP depth from 

the annulus position
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MAD DIAGNOSIS: MRI

LA

MAD DIAGNOSIS: MRI
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MAD diagnosis requires: 
-Recognition of the mitral annulus 

position frame by frame in LAX 
views throughout systole, then

-Detection of separation annulus-LV 
myocardium at mid and late-systole
-Determination of MVP depth from 

the annulus position

Imaging must provide sufficient 
spatial and temporal resolution 

to quantify MAD and MVP
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Context & Physiologic 
Consequences 

of MAD ?

J Am Soc Echocardiogr. 2022;35:165-175.
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J Am Soc Echocardiogr. 2022;35:165-175.

J Am Soc Echocardiogr. 2022;35:165-175.

More myxomatous leaflets, larger and systolic-expanding annulus 
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31%69%

30% 70%

81%
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Mitral Valve Prolapse

is  MAD………the Angel of Death? 

2022

/ #1 AMVP Phenotype

AMVP PHENOTYPE
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LGE+ 28%
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Mitral Valve Prolapse
MAD is not the Angel of Death

but advocates fc AMVP monitoring
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Sudden death-DMR MVP
SD is an important issue in 

myxomatous diseases

DMR: Notable SD rate.  Approach 
to prevent SD is early repair

Isolated MVP: SD is infrequent but 
risk is recognized by the triad
Syncope/MAD/High-risk VT
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AMVP is a real entity
Detect the phenotype with 

highest propensity for development 
of Ventricular Arrhythmias
Detect the Arrhythmias by 

monitoring, if necessary prolonged, 
if necessary repeated

Treat Arrhythmias based on their 
severity and association to DMR

THANK
YOU

THANK
YOU
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