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Case: 25 yo female with palpitations









Maron BJ, NEJM 2003

Causes of SCD in 387 Athleses



Arrhythmic MVP: Incidence and at risk

MVP-Related SCD: 

• 3x risk of general population

• Estimated risk is 0.2% to 1.8%

Muthukumar et al, JAMA Cardiology 2020



ParameterModality

-> Presence of FDG uptake?

-> Burden of FDG uptake?

-> Pattern of FDG uptake?

ECG/Holter

Condition Associated 

with Increased Risk

-> Pickelhaube

-> longer MAD length

-> Impaired global longitudinal strain

-> Greater mechanical dispersion

-> Presence of replacement fibrosis (LGE)

-> Burden of replacement fibrosis?

-> Pattern of replacement fibrosis?

-> Presence of PVCs

-> Pap Muscle Origin

-> Complex VAs: couplets, triplets, pleo
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FDG/LGE

Multimodality approach for evaluation of SCD in MVP



Majority of MVP-SCD exhibited complex ventricular
ectopy

Sriram CS et al, JACC 2013 and Basso C et al, Circulation 2015



Survivors of MVP-related SCD

Hourdain J et al, Circulation 2018



EHRA expert consensus statement on AMVP and MAD complex



Mortality in Arrhythmic MVP: Stratified by VA Severity

Essayagh B et al, JACC 2020



PVC and MVPs

 PVCs are a trigger and likely also reflect an arrhythmogenic substrate

 PVCs are common in all MVP patients, but almost universally observed in 

patients who expereiced VT/VF

 Complex PVCs, including a papillary muscle morphology, warrants further

evaluation
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Pickelhaube Sign: Spiked Lateral S‘

Muthukumar et al, JACC Imaging 2016



Pickelhaube Sign: Spiked Lateral S‘

Ignatoswiski et al, JASE 2020

• Highest Pickelhaube signal velocity in the posterolateral anulus (AP3C)

• A cut-off of 19 cm/s has a specificity of 72%

• Presence of Pickelhaube sign doubles risk of developing VT (OR 2.02) 



Strain Imaging: One more piece to the puzzle

Wijngaarden et al, Heart 2021



Strain Imaging in MVP: One more pice to the puzzle

Wijngaarden et al, Heart 2021

 Subtle LV function impairment (GLS) is associated with symptomatc VAs

 610 patients with MVP and ≥ moderate MR

 Symptomatic VA: frequent PVCs, NSVT or sustained VT/VF



Strain Imaging in MVP: One more pice to the puzzle

Huttin et al, EHJ Cardiovascular Imaging 2017

 Abnormal GLS associated with VA in multiple other arrythmic substrates

 Abnormal GLS seems to be associated with more VAs in patients with MVP

 Precise cut-off which can discriminate high from low is unknown

 Strain imaging allows to measure mechanical stress and fibrosis (even before

development?)



Mitral Anular Disjunction

Mantegazza et al, JACC Imaging 2019

 Prevalence of MAD = 16% in patients with MVP and significant MR

 Correlation between degree of MAD (lenght) and amount of LGE (fibrosis)

 Severity of MAD is correlated with the occurence of NSVT

Detachment of the roots of the anulus from the ventricular myocardium
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Myocardial fibrosis

 Most commonly focal (replacement fibrosis)

 Typically localized to the basal inferolateral wall / pap muscle

 Presence associated with major VAs

Kitkungyan D et al, JACC 2018

Nearly one-third of MVP patients had replacement fibrosis in the basal Inferolateral

segment (adjacent to the PMP)



Scar (LGE) and MVP

Future studies will determine whether burden of scar enhances risk stratification

in patients with MVP as it does for other substrates assoicated with SCD  

Kazmirczak et al, Circ A&E 2019 Chan RH  et al, Circ 2014

Sarcoidosis HCM

Class I

LGE+

LGE-



Replacement fibrosis is common in MVP

Kitkungvan et al, JACC Card Imaging 2021

Replacement fibrosis is present in 25% of patients with mild MR



Most patients with MVP and VA have scar, but not all

Kitkungvan et al, JACC 2018

Autopsy study: 68 consecutive SCD cases with MVP reported as cause of death

• 41% mild MR, mean age 38

• 81% had myocardial fibrosis involving PM and posterior LV

Garbi et al, Open Heart 2018
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Subclinical Inflammation contributes to VAs, scar
burden and worse outcomes

Miller et al, JAMA Cardiology 2020

• PET study: 50% of patients with unexplained CM and VAs have evidence of

myocardial Inflammation (FDG+)

• PET study: 50% of patients with a moderte burden of PVCs (>5k) had

evidence of myocardial inflammation (FDG+)

• In some substrates (sarcoid) combination of inflammation and scar is

especially pro-arrytmic



Miller et al, JAMA Cardiology 2020



Muthukumar et al, JAMA Cardiology 2020





Case: 25 yo female with palpitations





High risk

- sustained VT

- polymorphic NSVT

- fast (>180 bpm) NSVT

- VT/NSVT resulting in 

syncope



What‘s new?

Aabel et al, Heart Rhythm 2022



Role of catheter ablation?



Role of cardiac surgery?

El-Eshmawi et al, JACC 2022



Conclusions

 Replacement fibrosis is a risk factor for sustained VAs/SCD in MVP and is

present in the majority of patients who experience major VAs, but is also 

present in many patients who never experience any arrhythmic complications.

 Strain imaging (GLS and MD) may further enhance our ability to risk stratifiy

patients with MVP who are at risk for sustained VA.

 Define tresholds of LGE and FDG that are associated with high-risk for SCD 

in MVP

 Longitudinal studies are needed to determine the predictive value of all the

currently available risk stratification tools.

 More phenotype and outcomes data are needed
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