
Calling for Nominations - By Oct. 30

BENTDAHL DISTINGUISHED SERVICE AWARD

Recognizes contributions to MHIF and accomplishments as 
an outstanding leader, mentor, philanthropist, educator or 
researcher.

2019 recipient: Dr. Elizabeth Grey 

ROBERT G. HAUSER LEADERSHIP AWARD

Recognizes contribution to CVD prevention / treatment, 
advocacy for patients and profession, visionary leadership and a 
strong commitment to excellence. 

2019 recipient: Dr. Kevin Harris

Submit to: jwagner@mhif.org

• Who you are nominating.

• For What award you want them
considered.

• How they meet the criteria and
Why you are nominating them.
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MHIF FEATURED STUDY:

Proact Xa

DESCRIPTION: 
A prospective, randomized, active (warfarin) controlled, parallel-arm clinical trial to determine if patients with an On-X aortic valve can 
be maintained safely and effectively on the factor Xa inhibitor apixaban.
There is an unmet need for an alternative anticoagulant drug (such as apixaban) to use instead of warfarin in participants with an 
aortic mechanical prosthetic valve. Patients will be randomized 1:1 apixaban versus warfarin 90 days or greater s/p surgery.

CRITERIA LIST/ QUALIFICATIONS:

CONDITION:
Anticoagulation therapy 
with On-X aortic valve

PI: 
Benjamin Sun, MD

RESEARCH CONTACT: 
Alyssa Taffe, RN
Alyssa.Taffe@allina.com | 612-863-7821

SPONSOR:
CryoLife Inc.

COMING SOON! 
EPIC message: Research MHIF Patient Referral

Exclusion:
1.  Mechanical valve in any other position other than aortic
2.  Any cardiac surgery 90 days prior to enrollment
3.  Need to be on aspirin > 100 mg daily or a P2Y12 inhibitor
4.  On dialysis or creatinine clearance of < 25 mL/min
5.  Stroke within 3 months of enrollment

Inclusion:
1. 18 years or greater
2. Able to receive warfarin with a target INR of 2.0-3.0
3. Implantation of an On-X mechanical valve in the 

aortic position at least 90 days prior to enrollment

Providing an alternative to warfarin may lead younger patients to choose a 
mechanical valve with greater durability and better clinical outcomes.
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Mitral valve prolapse – when does it 
stop being benign?

Iulia Tulai MD, Cardiology Fellow
Minneapolis Heart Institute

10/12/2020

Mitral valve prolapse…

MHIF CV Grand Rounds - October 12, 2020

3 of 57



10/12/2020

2

Mitral valve prolapse…

Mitral valve prolapse…

Definition: 
- superior displacement 

of mitral valve leaflet(s) ≥2 
mm in systole above the 
annular plane in PLAX / 
apical view

• Classic (myxomatous 

degeneration) - thickening 

of the leaflets ≥5 mm

• Non-Classic – thickening 

of the leaflets <5 mm
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1997

MVP prevalence in US 2-3%
• 7.8 million individuals in US
• 176 million people world wide

2020

Freed et al (Framingham Heart Study, 3,941 participants) – MVP prevalence 2.4%

Important / Prognosis?

• Heterogenous prognosis – LVEF, degree of MR, LA enlargement etc.

• One of the less recognized and yet devastating outcomes can be
sudden cardiac death.
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1966

The prognosis

1985

1966
1968

• Malignant arrhythmic MVP 
entity

• Prevalence / characteristic 
not fully defined

Benign condition…

• subsets of MVP patients at high risk development of MR, cerebral embolic events, IE and… 

SCD – 0.4%/year (6 years follow up)

MVP first described

The prognosis

2010s

Benign condition???…
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SCD incidence

Reported incidence of SCD varied on:
• methods of evaluation: autopsy vs survival

• study population

• available clinical information

• forensic analysis performed

2010s

SCD incidence

Reported incidence of SCD varied on:
• methods of evaluation: autopsy vs survival

ex: autopsy - rarely “unequivocally related”

• study population

• available clinical information

• forensic analysis performed

2010s
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SCD incidence

2010s
- 0.2 – 0.4% (Nishimura, NEJM 1985)

- 2% - 4% (athletes) (Narayan, Heart Rhythm 2016 & Finocchiaro JAMA Cardiol 2016)

- 0.14% (Nalliah, Heart 2019)

2020

• JAMA Cardiology – Association Between MVP and SCD, Muthukumar 2020

SCD incidence
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The problem

• AHA / ESC guidelines -
no specific recommendations 
yet on identification and risk 
stratification of SCD in MVP

The problem

How can we identify the high-risk patient from a large population of low-risk 

patients?
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Studies on MVP and SCD

*Miller M et al, Arrhythmic Mitral Valve Prolapse, JACC 2018, 73; 2904-14

*Muthukumar et al, Association Between  Malignant Mitral Valve prolapse and Sudden 
Cardiac Death, JAMA Cardiology May 2020

1. Patient characteristics

1) Physical exam

2) Sex

3) Age
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1. Patient characteristics

1) Physical exam

2) Sex

3) Age

1. Patient characteristics - 1) Physical exam

• For arrhythmic MVP (AMVP), there are no 

specific physical findings…
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1. Patient characteristics

1) Physical exam

2) Sex

3) Age

1. Patient characteristics

1) Physical exam

2) Sex

3) Age
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1. Patient characteristics - 2) Sex

Muthukumar et al, JAMA Cardiology 
May 2020

1. Patient characteristics - 2) Sex

*Miller M et al, 
Arrhythmic 
Mitral Valve 
Prolapse, 

JACC 2018
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1. Patient characteristics - 2) Sex

Essayagh, Enriquez-Sarano et al, Presentation and Outcome of Arrhythmic Mitral Valve Prolapse, JACC 
2020, 76; 637-49

1. Patient characteristics

1) Physical exam

2) Sex

3) Age

- Male ?
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1. Patient characteristics

1) Physical exam

2) Sex - Male

3) Age

?

1. Patient characteristics - 3) Age

Muthukumar
et al, JAMA 
Cardiology 
May 2020
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1. Patient characteristics

1) Physical exam

2) Sex

3) Age

- Male ?

2. EKG

• 1) Repolarization abnormalities

• 2) Ventricular arrhythmias (VAs)
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• 1) Repolarization abnormalities

• 2) Ventricular arrhythmias (VAs)

2. EKG

Abnormal contractility /tugging  in MVP

Regional ischemia

2. EKG – repolarization abnormalities

Miller et al, MVP and Sudden Cardiac Death – JACC 2018
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2. EKG – repolarization abnormalities

Basso / Perazzolo et al,  Arrhythmic Mitral Valve Prolapse and Sudden Cardiac Death, 
Circulation 2015, 132:556-566

…………………………..

2. EKG – 1) Repolarization abnormalities

Sriram et al, Malignant Bileaflet Mitral Valve Prolapse Syndrome in Patients with otherwise 
Idiopathic out-of-hospital Cardiac Arrest, JACC 2013, 62:222-30

…………………………..
…………………………..
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2. EKG – 1) Repolarization abnormalities

Augello / Lanzarini - Disappearance of 
Electrocardiographic Abnormalities 

Associated with the Arrhythmic Pattern of a 
Barlow Disease After Surgical Mitral Valve 

Repair
Clin Pract. 2017 Apr 6; 7(2): 946

2. EKG – 1) Repolarization abnormalities

• In up to 40% of patients with MVP without SCD / 

sustained VAs

• 33-80% of patients with MVP-related SCD have 

biphasic / inverted T waves in inferior leads

• Abnormal T waves in inferior leads is not risk factor 

by itself, but risk profile should be further investigated

Miller et al, MVP and Sudden Cardiac Death – JACC 2018
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2. EKG

• 1) Repolarization abnormalities

• 2) Ventricular arrhythmias (VAs)

?

2. EKG

• 1) Repolarization abnormalities

• 2) Ventricular arrhythmias (VAs)
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2. EKG

Mitral valve prolapse - JACC Imaging, 2008

2. EKG

Gornick et al Electrophysiologic effects of papillary muscle traction in the intact heart 
Circulation 73, No. 5, 1013-1021, 1986.

IT1
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Slide 38

IT1 Iulia-Maria Tulai, 10/10/2020

MHIF CV Grand Rounds - October 12, 2020

22 of 57



10/12/2020

20

2. EKG

• “In normal myocardium in situ, regional abnormal wall motion may be 

associated with alterations of local ventricular activation and 

refractoriness, factors that in the diseased heart may lead to increased 

susceptibility to arrhythmias”

2. EKG – 2) VAs

• PVCs - Common in MVP, with or without SCD (~40-50%)

• Frequently from papillary muscle region and outflow tract

 Regional stretch? Abnormal Ca++ handling?

• PVCs (isolated / complex)

 Not enough by themselves to deem high risk

 Consider additional risk stratification

Miller et al, MVP and Sudden Cardiac Death – JACC 2018

Mitral valve prolapse - JACC 
Imaging, 2008
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2. EKG – 2) VAs

• PVCs origin - marker of SCD?

• In patients with BiMVP and SCD, 

Purkinje system plays a central role in 

arrhythmogenesis

• Ablation of clinically dominant VE foci 

- improved symptoms 

- reduced appropriate ICD 

shocks

2. EKG – 2) VAs

Essayagh / Enriquez-Sarano et al, Presentation and Outcome of 
Arrhythmic Mitral Valve Prolapse, JACC 2020;76:637–49
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2. EKG

Basso / Perazzolo et al, Arrhythmic Mitral Valve Prolapse and Sudden Cardiac Death, 
Circulation 2015, 132:556-566

2. EKG

• 1) Repolarization abnormalities

• 2) Ventricular arrhythmias (VAs)

?
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3. Echocardiographic findings

• 1) Leaflet characteristics

• 2) Mitral regurgitation

• 3) Lateral mitral annular velocities

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler

3. Echocardiographic findings

• 1) Leaflet characteristics

• 2) Mitral regurgitation

• 3) Lateral mitral annular velocities

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler
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3. Echo findings – 1) Leaflet characteristics

Sriram et al, Malignant Bileaflet Mitral Valve Prolapse Syndrome in Patients with otherwise Idiopathic out-of-
hospital Cardiac Arrest, JACC 2013, 62:222-30

A. Bileaflet MVP (BiMVP)

3. Echo findings – 1) Leaflet characteristics

Sriram et al, Malignant Bileaflet Mitral Valve Prolapse Syndrome in Patients with otherwise 
Idiopathic out-of-hospital Cardiac Arrest, JACC 2013, 62:222-30

• Proposed as high 

risk feature for SCD

• 42% out of 24 

young patients with 

idiopathic SCD had 

BiMVP

A. Bileaflet MVP (BiMVP)
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3. Echo findings – 1) Leaflet characteristics

A. Bileaflet MVP (BiMVP)

• Proposed as high risk feature 

for SCD

3. Echo findings – 1) Leaflet characteristics

A. Bileaflet MVP (BiMVP)

• Essayagh – more VAs in patients with BiMVP

compared to SiMVP

Essayagh, Enriquez-Sarano et al, Presentation and Outcome of Arrhythmic Mitral 
Valve Prolapse, JACC 2020, 76; 637-49
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3. Echo findings – 1) Leaflet characteristics

A. Bileaflet MVP

• Bileaflet involvement found 

in 70% of the patients ≤ 40 

years old with SCD and 

MVP

Basso / Perazzolo et al, Arrhythmic Mitral Valve Prolapse and Sudden Cardiac Death, 
Circulation 2015, 132:556-566

3. Echocardiographic findings

• 1) Leaflet characteristics – Bileaflet MVP

• 2) Mitral regurgitation

• 3) Lateral mitral annular velocities

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler
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3. Echocardiographic findings

• 1) Leaflet characteristics – Bileaflet MVP

• 2) Mitral regurgitation

• 3) Lateral mitral annular velocities

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler

3. Echo findings – 2) MR

• Until recently thought to be an 

independent predictor of SCD 

(relative risk 8.4) (Turker, 2010)

• Conclusion derived from studies 

showing MR as independent 

predictor of complex VAs, not 

mortality

Moderate-Severe MR
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3. Echo findings – 2) MR

• Dollar - 1991: 14/15 patients who 

had MVP-related SCD did not have 

significant (at least moderate) MR

………..

3. Echo findings – 2) MR

Dollar et al, Morphologic Comparison of Patients With Mitral Valve Prolapse Who Died Suddenly With 
Patients Who Died From Severe Valvular Dysfunction or Other Conditions, JACC 1991, 17:921-31
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3. Echo findings – 2) MR

• Essayagh / Enriquez- Sarano, 

2020: 595 consecutive MVP 

patients:  “severe MR was not an 

independent predictor for VAs”

3. Echo findings – 2) MR

• Essayagh / Enriquez- Sarano, 

2020: 595 consecutive MVP 

patients:  “severe MR was not an 

independent predictor for VAs”
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3. Echocardiographic findings

• 1) Leaflet characteristics – Bileaflet MVP

• 2) Mitral regurgitation – Significant MR

• 3) Lateral mitral annular velocities

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler

?

• 1) Leaflet characteristics – Bileaflet MVP

• 2) Mitral regurgitation – Significant MR

• 3) Lateral mitral annular velocities

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler

3. Echocardiographic findings

- Pickelhaube sign

?
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3. Echo findings – Pickelhaube sign

Pickelhaube sign: 
 peak systolic mitral annulus velocity ≥16 

cm/sec

 Muthukumar et al: - BiMVP

 Patients with this criteria were more likely to 

have malignant VAs (67% vs 22%, p<0.08)

 LGE by MRI was only present in the group with 

+ Pickelhaube sign (33%) 

 Novel echocardiographic risk marker for 

malignant MVP syndrome - BiMVP

Mitral valve prolapse - JACC Imaging, 2008

• 1) Leaflet characteristics – Bileaflet MVP

• 2) Mitral regurgitation – Significant MR

• 3) Lateral mitral annular velocities - Pickelhaube sign (Bileaflet MVP)

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler

3. Echocardiographic findings

?
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3. Echocardiographic findings

• 1) Leaflet characteristics – Bileaflet MVP

• 2) Mitral regurgitation – Significant MR

• 3) Lateral mitral annular velocities - Pickelhaube sign (Bileaflet MVP)

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler

?

3. Echo findings – 4) MAD

• Mitral annular disjunction (MAD): 

Detachment of the roots of the annulus from the 

ventricular myocardium to which it would normally 

be attached

Allows for mitral annulus hypermobility

Carmo, 2010

Feroze Mahmood - A Quantification 
Approach to Echocardiography of 

Mitral Valve for Repair, 2015, 
Anesthesia & Analgesia 12(1):34-58

Dejgaard et al, Mitral Annular Disjunction 
Syndrome, JACC 2018, 72:1600-9
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3. Echo findings – 4) MAD

Carmo, 2010:
• Severity of MAD is associated with VA burden

• A disjunction greater than 8.5 mm was a reasonable criterion to predict the risk of NSVT 

- Sensitivity of 67%

- Specificity of 83% 

- Odds ratio = 10; 95% CI: 1.28 -78.1

3. Echo findings – 4) MAD
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3. Echo findings – 4) MAD

Perazollo, 2016:

• Length of MAD in MVP-SCD 

patients is significantly higher than 

in controls

• MAD was significantly longer in 

patients with LGE on MRI 

compared to those without LGE 

on MRI

• MAD = constant feature of 
arrhythmic MVP with LV fibrosis

3. Echo findings – 4) MAD
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3. Echocardiographic findings

• 1) Leaflet characteristics – Bileaflet MVP

• 2) Mitral regurgitation – Significant MR

• 3) Lateral mitral annular velocities - Pickelhaube sign (Bileaflet MVP)

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler

?

3. Echocardiographic findings

• 1) Leaflet characteristics – Bileaflet MVP

• 2) Mitral regurgitation – Significant MR

• 3) Lateral mitral annular velocities - Pickelhaube sign (Bileaflet MVP)

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler

?
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3. Echo findings – 5) Speckle Tracking

• Supranormal strain (>24%) 

is witnessed in the 

posterolateral LV trident

• Subnormal strain (<18%) is 

seen in the corresponding 

opposite basal septal wall 

segments

• Postsystolic contraction 

(postsystolic shortening, 

incoordinate contraction)

Huttin O et al, Interactions between mitral valve and left ventricle 
analyzed by 2D speckle tracking in patients with mitral valve 

prolapse: one more piece to the puzzle, EHJ CV Imaging 2017

Muthukumar et al, Association Between MVP and SCD, 
JAMA Cardiology 2020

3. Echocardiographic findings

• 1) Leaflet characteristics – Bileaflet MVP

• 2) Mitral regurgitation – Significant MR

• 3) Lateral mitral annular velocities - Pickelhaube sign (Bileaflet MVP)

• 4) Mitral annular disjunction (MAD)

• 5) Speckle-Tracking Doppler

?
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4. MRI findings

• 1) MAD

• 2) Curling

• 3) Fibrosis

4. MRI findings

• 1) MAD

• 2) Curling

• 3) Fibrosis

Cardiac MRI, steady state free precession (SSFP) sequence demonstrates mitral annular 
disjunction (yellow line). This was measured at 2.1 cm.
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4. MRI findings

• 1) MAD

• 2) Curling

• 3) Fibrosis

4. MRI findings – 2) Curling

Dejgaard et al, Mitral Annular Disjunction Syndrome, 
JACC 2018, 72:1600-9 Perazollo et al, Morphofunctional Abnormalities of Mitral Annulus and 

Arrhythmic Mitral Valve Prolapse, Circulation 2016
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4. MRI findings

• 1) MAD

• 2) Curling

• 3) Fibrosis

4. MRI findings

• 1) MAD

• 2) Curling

• 3) Fibrosis
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4. MRI findings - 3) Fibrosis

Basso, 2015 - Papillary muscle 
and / or inferobasal wall fibrosis:

• In almost 100% of patients with 
MVP-related SCD

• Correlated with ventricular 
arrhythmias origin. 

• Structural hallmark of high SCD 
risk

Basso / Perazzolo et al, Arrhythmic Mitral Valve Prolapse and Sudden Cardiac Death, 
Circulation 2015, 132:556-566

4. MRI findings - 3) Fibrosis

• Independent cohort of 3680 autopsies  62 MVP (1.7%)

• LV fibrosis in 74% of cases

 1 or both of PMs – predominantly postero-medial PM

 Adjacent LV wall
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4. MRI findings - 3) Fibrosis

• MVP is associated with more LV 

fibrosis on MRI compared with non-

MVP patients [in primary MR 

patients] 

• Patients with MVP and replacement 

fibrosis have the highest arrhythmic 

events (VT, SCD)
Kitkungvan et al, Myocardial fibrosis in patients with primary mitral regurgitation with and without prolapse, JACC, 2018, 

Vol 72, 823-34

4. MRI findings - 3) Fibrosis

• Kitkungvan, 2016 - MVP vs non-MVP patients 

have:

 More frequent replacement fibrosis in the 

basal inferolateral wall (31.1%) vs non-MVP 

patients – basal anteroseptum 3.4%

 More prevalent replacement fibrosis in the 

segments adjacent to the posteromedial 

papillary muscle than non-MVP patients. 

• Bui, 2017

 Diffuse nonfocal subclinical fibrosis –

associated with complex VAs
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4. MRI findings - 3) Fibrosis

MRI showing fibrosis (positive LGE) at the base of the posteromedial papillary muscle as well as 
minimal fibrosis on the anterolateral papillary muscle

Dark blood late gadolinium enhancement sequence (LGE) demonstrating 
fibrosis at the level of the posterior  mitral annulus

4. MRI findings - 3) Fibrosis

Multifocal PVCs arising from:
- posteromedial papillary muscle 
- mitral annulus
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4. MRI findings

• 1) MAD

• 2) Curling

• 3) Fibrosis

If fibrosis is so important…
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5. Hybrid PET-MRI

• Localization concordance:
- FDG+:  basal-mid infero-lateral and basal-mid anterolateral
- MRI +:  basal mid infero-lateral

• FDG+: minor VAs
• MRI +: complex VAs

• Inflammatory component prodromal to fibrosis?

FDG + FDG -

MRI + 14 (70%) 1 (5%)

MRI - 3 (15%) 1 (5%)

6. Familial clustering

•6) Family clustering
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6. Familial clustering

• Familial clustering described in case reports, 

pathological series, surgical series

 Syndromic

 Nonsyndromic – 3 loci described on 

chromosomes 11, 16,  13 with mutations in 

DCHS1 and PLP1 genes

• No systematic study of familial SCD in MVP

7. Circulating biomarkers

•7) Circulating biomarkers
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6. Circulating Biomarkers

• Soluble suppression of tumorigenicity-2 serum level

Higher in patients with MAD and VAs (comp. to patients w/o VA)

Proposed as marker of myocardial stretch

• TGFβ1

Higher levels in patients with myocardial and papillary muscle fibrosis and larger MAD

7. “Classic” SCD Risk Factors

Muthukumar et al, 
Association Between 
MVP and SCD, JAMA 

Cardiology 2020
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•7) EP study

Risk stratification – EP study

Miller et al, Mt. Sinai:  

• If + high risk features and + EPS  Consideration of ICD

• If + high risk features and – EPS  Loop recorder

• Positive EP study:

 sustained monomorphic VT induced with up to 3 ventricular extrastimuli

or

 polymorphic VT or VF induced with up to 2 ventricular extrastimuli
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Treatment

• 1) Noninvasive / Medical management

• 2) Catheter based ablation

• 3) ICD

• 4) Mitral valve surgery

Treatment

• 1) Noninvasive / Medical management

• 2) Catheter based ablation

• 3) ICD

• 4) Mitral valve surgery
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Treatment

• 1) Noninvasive / Medical management

• 2) Catheter based ablation

• 3) ICD

• 4) Mitral valve surgery

Treatment – 2) Catheter based ablation

• 25 patients with MVP 

• PVCs mapped to papillary muscles

• 4/9 patients +LGE on MRI

• 76% had complete resolution of PVC with ablation

• 8% had improvement in PVC burden with ablation
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Treatment – 2) Catheter based ablation

• 14 patients with MVP 

• 6/14 w prior SCD (and ICD) 
– all 6 w Purkinje origin VFib (4/6 PM)

• 8/14 w/o SCD but w symptomatic complex 

PVCs 

– 5/8 Purkinje origin (3/ PM)

• Acute success of predominant VE 

foci 17/19 procedures

• Repeat ablation 6/14 patients

• New site of ectopy 2/14 patients

• Symptoms reduced 12/14

Appropriate ablation of 

predominant VE foci decreased 

number of appropriate ICD shocks

Treatment – 2) Catheter based ablation

• 43/617  patients with MVP and significant VA

• Patients had ICD (30%) or VE ablation (70%)

• Most common foci of VE was left PM

• Successful ablation in 65%

• At 2.6 years mean follow up, 26% had VT recurrence

While ablation was acutely 

successful in the majority of cases, 

there was still a moderate rate of VA 

recurrence.
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Treatment

• 1) Noninvasive / Medical management

• 2) Catheter based ablation

• 3) ICD

• 4) Mitral valve surgery

Treatment

• 1) Noninvasive / Medical management

• 2) Catheter based ablation

• 3) ICD

• 4) Mitral valve surgery
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Treatment – 4) Mitral valve surgery

• Relatively limited data…

Treatment – 4) Mitral valve surgery

• 8 pts with BiMVP and ICD 

both pre- and post-MVR

• MVR reduced the number of 

appropriate ICD shocks
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Treatment – 4) Mitral valve surgery

Treatment – 4) Mitral valve surgery
• 32 patient with MVP undergoing MV surgery for MR sec to BiMVP

• Pre- & post-op Holter

≥10% VA burden decrease

<10% VA burden decrease

• Patients w significant 

decrease in VA burden 

were younger (~42 yo, 

<60 yo)
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• There are some easily identifiable high risk SCD features in patients 

with MVP

 Bileaflet MVP

 Purkinje-origin Vas

 Severe VAs

 Pickelhaube sign

 MAD 

 Speckle tracking (supra-normal 

contraction, incoordinate contraction)

 Specific areas of replacement fibrosis

• Designing a cost-effective risk stratification model to identify patients at risk still remains a challenge

• Optimum treatment (medical, interventional, ICD, surgical correction) and optimal timing of 

intervention still remains unclear

• Awareness of this condition and individualized patient treatment remains paramount

Thank you!

Special thanks to Dr. Kevin Harris and Dr. Quirino Orlandi.
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