Arrhythmic mitral valve prolapse:

risk stratification
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Case: 25 yo female with palpitations
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Causes of SCD in 387 Athleses

No. of
Cause Athletes Percent

Hypertrophic cardiomyopathy 102 26.4
Commotio cordis 77 19.9
Coronary artery anomalies 53 13.7
Left ventricular hypertrophy of 29 7.5

indeterminate causationt
Myocarditis 20 52
Ruptured aortic aneurysm (Marfan 12 3.1

syndrome)
Arrhythmogenic right ventricular 11 2.8

cardiomyopathy
Tunneled (bridged) coronary artery+ 11 2.8
Aortic valve stenosis 10 2.6
Atherosclerotic coronary artery disease 10 2.6

] ] thy 9 2.3
Myxomatous mitral valve degeneration 9 23

I} COTIUITION) [+ daol

Heat stroke 6 1.6
Drug abuse 4 1.0
Other cardiovascular cause 4 1.0
Long QT syndrome§ 3 0.8
Cardiac sarcoidosis 3 0.8
Trauma causing structural cardiac injury 3 0.8
Ruptured cerebral artery 3 0.8

*Data are from the registry of the Minneapolis Heart Institute Foundation (3).
tFindings at autopsy were suggestive of HCM but were insufficient to be diagnostic,
$Tunneled coronary artery was deemed the cause of death in the absence of any other
cardiac abnormality. §The long QT syndrome was documented on clinical evaluation.
Source: Reproduced from Maron B.J. (3) with permission of the Massachusetts

Medical Society.

Maron BJ, NEJM 2003

3|
7

Universitatsspital
Basel



Arrhythmic MVP: Incidence and at risk

A | Annual incidence of sudden cardiac death

Subgroup

General adult pogulation

Mitral valve prolapse

Hypertrophic cardiomyapathy

] 1 z 5 10
Incidence, %

MVP-Related SCD:
« 3x risk of general population
e Estimated risk is 0.2% to 1.8%
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Multimodality approach for evaluation of SCD in MVP

Modality Parameter Condition Associated
with Increased Risk

ECG/Holter

Echo

CMR

PET-MRI
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Majority of MVP-SCD exhibited complex ventricular
ectopy

Malignant Bileafiet Mitral Valve Prolapse Syndrome
in Patients With Otherwise ldiopathic
Out-of-Hospital Cardiac Arrest

24 patients with ‘unexplained’ OHCA
- 42% had bi-leaflet MVP

- 78% had biphasic/inverted T waves
- 78 % had complex VAs
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Survivors of MVP-related SCD

Prevalence of PVC, NSVT, Couplets
y PVCs
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Mortality in Arrhythmic MVP: Stratified by VA Severity

PHENOTYPE ARRHYTHMIA SEVERITY

NO/TRIVIAL
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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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complex ventricular ectopy
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Multimodality approach for evaluation of SCD in MVP

Modality Parameter Condition Associated
with Increased Risk

ECG/Holter

PVCs

Echo

CMR

PET-MRI

[

-> Pap Muscle Origin

-> Presence of PVCs
-> Complex VAs: couplets, triplets, pleo
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Pickelhaube Sign: Spiked Lateral S°

67% (n =8) with VT/VF and
33% with LGE on MRI

216 cm/s
(n=12)

TDI of Lateral
Mitral Annular
Velocity

Patients with Bi-MVP
(n=21)

32 cm/sec

22% (n =2) with VT/VF and

none with LGE on MRI
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Pickelhaube Sign: Spiked Lateral S°
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-1.0 -0.5 100 mm/s -0.0

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)
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Strain Imaging: One more piece to the puzzle

LVEF = 69 LVEF = 64
GLS =-22.4 : GLS =-17.5
| PST =0.0 | PST =6.1

PSI =0.2 T S PN P51 =58
) =10 = \\ N MD =55
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Strain Imaging in MVP: One more pice to the puzzle

= 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

Age, per 1 yr increase

Fermale

eGFR, per 1 mlfmin/1.73m? increase
T-wave inversion infericr ECG leads

MV annulus diameter, per 1 mm increase
GLS, per 1 % Increase

MD, per 1 ms increase
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Wijngaarden et al, Heart 2021
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Strain Imaging in MVP: One more pice to the puzzle

= 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?)

. . . M _ | Universitatsspital
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Mitral Anular Disjunction

Detachment of the roots of the anulus from the ventricular myocardium

MAD=13 mm

= 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

. M _ | Universitatsspital
Mantegazza et al, JACC Imaging 2019 7 Basel



CENTRAL ILLUSTRATION: Mitral Annulus Disjunction (MAD) Arrhythmic
Syndrome

116 Patients with Mitral Annulus Disjunction (MAD)

Ty,

™S = g 14 with aborted cardiac arrest or
MAD sustained ventricular tachycardia

90 MAD with Mitral Valve Prolapse 26 MAD without Mitral Valve Prolapse
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Dejgaard, L.A. et al. J Am Coll Cardiol. 2018;72(14):1600-9.




CENTRAL ILLUSTRATION: Mitral Annular Disjunction Phenotype and
Outcome in Degenerative Mitral Regurgitation

MAD PHENOTYPE MITRAL ANNULAR DISJUNCTION

Younger age

Larger LV
Redundant leaflets

Bileaflet MVP

LONG-TERM OUTCOME
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Multimodality approach for evaluation of SCD in MVP

Modality Parameter Condition Associated

with Increased Risk

4 N
-> Presence of PVCs

ECG/Holter PVCs -> Pap Muscle Origin
\_> Complex VAs: couplets, triplets, pleo

. 4 _ ~
Tissue Doppler -> Pickelhaube
Echo MAD -> longer MAD length
Strain -> Impaired global longitudinal strain
Mechanical Dispersion \_—> Greater mechanical dispersion )

CMR

PET-MRI
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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

Basal LV ,] Major Ventricular Arrhythmia Event Rate

]

32%

0% = i
— 0.6%
° MVP and LGE+ MVP and LGE- Non-MVP

Nearly one-third of MVP patients had replacement fibrosis in the basal Inferolateral
segment (adjacent to the PMP)
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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
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Replacement fibrosis is common in MVP

*

. 42.6
el 38.8

30 +

20 4

Prevalence of LGE (%)
o

10.3
10 + 7.5 . .

41 1

<10 10-29 30-49 =50

M Non-MVP (n =195) MVP (n = 229)

Replacement fibrosis is present in 25% of patients with mild MR
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Most patients with MVP and VA have scar, but not all

TABLE 4 Characteristics of Patients With Archythmic Events
Age Mitral RF LYEF LVEDV Index Replacement
Case & {yrs} Sex MVP Comorbidity %) %) [l mEy Fibrosis/Pattern Arrhythmic Events
1 44  Female Pasterior Dyslipldemia 16 L] Hi e/ patchy Becurrent syncope with Inducible YT/
2 73 Male  Bileaflet Maone n 0 &1 e patchy Bacurrent syncope with inducible VT
3 80 Female Pesterior Hypertension, dyslipldemia ET) 55 96 s midwall Sudden cardiac death
4 34 Female Mo Mane 37 B3 =¥ e patchy Aborted sudden cardiac arrest
» 5 41 Male  Bileaflet Mane 40 58 124 Mo Aborted sudden cardiac arrest
& 65 Male  Posteriar Dyslipldemnia 52 Er 105 Vs midwall Sustalned WT
» 7 28 Female Bileaflet MNane 35 =T 102 Mo syncope with documented sustained YT
» 2 45 Male  Bileaflet Dyslipidemia 34 58 123 Mo Aborted sudden cardiac arrest
9 65 Male Pesterior Hypertension, dyslipldemia 7 54 53 s midwall Recurrent syncope with inducible YT
WF = wentricular Sionllation; ¥T = wentricular tachycardia; other abbreviabons as im Table 1.

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

Kitkungvan et al, JACC 2018  Garbi et al, Open Heart 2018 _)I_I g:;\glersnatsspntal



Multimodality approach for evaluation of SCD in MVP

Modality

Parameter

Condition Associated
with Increased Risk

ECG/Holter

PVCs

Echo

Tissue Doppler
MAD
Strain
Mechanical Dispersion

CMR

LGE

r
-> Presence of PVCs

-> Pap Muscle Origin
\_> Complex VAs: couplets, triplets, pleo

(-> Pickelhaube

-> longer MAD length

-> Impaired global longitudinal strain
\_—> Greater mechanical dispersion

-
-> Presence of replacement fibrosis (LGE)

-> Burden of replacement fibrosis?

PET-MRI

\-> Pattern of replacement fibrosis?
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Subclinical Inflammation contributes to VAS, scar
burden and worse outcomes

« 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

Universitatsspital
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Degenerative Mitral Valve Prolapse and Significant Mitral Regurgitation (= 3+)

(n=20)

[ Hybrid (Simultaneous) PET/MRI |

85% PET+ (n=17/20)
70% PET+/MRI+ (n=14/20)

Scar / Fibrosis (LGE+) Inflammation (FDG+)

N
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Minor VAs
(n=8)

¥

Complex VAs
(n=12)

92% PET+ (n=11/12)
67% PET+/MRI+ (n=8/12)

75% PETH (n=6/8)
50% PET+/MRI+ (n=4/8)

Complex Ventricular Arrhythmias Minor Ventricular Arrhythmias

Late Gadolinium Enhancement‘

18F-fluorodeoxyglucose:‘

Late Gadolinium Enhancement‘

18F-f|uorodeoxyg|ucose‘
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Table. Risk Factors for Sudden Cardiac Death in Mitral Valve Prolapse

Ange, mean T-wave Bileaflet
Source Risk factors MVFE. No. (50), ¥ Female sax VT inversion MVP
Mishimura et al,'® 1985 Leaflet thickmess =5 mm 237 10-6%9 [T & WA &
Avierinos et al,*® 2002 Moderate to severe MR; LVYEF 833 S00(21) 43 A WA 5%
<50% for increasad mortality
Carmo et al,*® 2010 MAD =8.5 mm for NSWT 38 a7 (15) 475 MA MA MA
Srirametal,*” 2013 Female; VT and bigeminy; 10 33(16) Sl 7 Patients Tax% L
higher burden of PWCs [2%)
on Holter monitor
Baszo et al,*™ 2015 LGE fibrosis: SCO—papillary SCOh, 43: 1%-440 LS00, 13- 30 Patients 7% T
fibrosis in 100% and inferobasal  living, 44 Living MVP
wall in 88%; nonfatal complex with V&, 705
WA=53% with LGE on CMR
Muthukumar et al,*® 2017 PFickelhaube sign 21 52(12) T1% 3 Events S0% 1005
Dejgaard, et al,*? 2013 MaD MAD, 115; 49(15) o0 14 Patients MA 55 (475);
MWVP, S0 VT, 5 (36%)
Ermakov et al,** 2018 Mechanical dispersion: 59 msin 5% 55(15) 1% 32 Patients VA, 4% Wi, B9%:
WA ws 43 ms in no arrhythmia No VA, 15% Mo VA, 443

Abbreviations: LGE. late gadolinium enhancemsent; LVEF. left ventricular ejection fraction; MAD, mitral annulus disjunction: MR, mitral regurgitation; MVF, mitral
valve prolapse; MA, not available; MSVT, nonsustained vertricular tachycardia; PVC, premature vantricular contraction: C0, sudden cardiac death; WA, wentricular

arrhythrmiz; VT, ventricular tachycardia.

Muthukumar et al, JAMA Cardiology 2020
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@ ESC A ——— CONSENSUS DOCUMENT

European Sociaty httpsidoiorg! 101093/ europace’euact 25
of Cardiclogy

EHRA expert consensus statement on
arrhythmic mitral valve prolapse and mitral
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with the ESC Council on valvular heart disease
and the European Association of
Cardiovascular Imaging endorsed cby the
Heart Rhythm Society, by the Asia Pacific
Heart Rhythm Society, and by the Latin
American Heart Rhythm Society
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Case: 25 yo female with palpitations
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MVP PATIENTS

Graphical Abstract
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7 high-risk AMVS patients

Wh at: s N eWr> X ,_Q 3 ; : 8 8 @ Patient characteristics:
. B ". S W 7 female (age 24 to 39 years)
. :{ \‘ '{ Y ![ \‘ ( l "( \' 3 with mitral valve prolapse
: 3 £ "'. : [ ‘ : 7 with mitral annular dysjunction

6 with no/mild mitral regurgitation

J

| o oW Y 2 with papillary muscle LGE
£ 8 & X X Ejection fraction 42% to 63%

Abarted he VT || Frequent PVCs { NSVT:
I S ias ety Potymorphic ll regu s | s |

| T
Implartable cardioverier defionllator implantable loop recorder
S B
<
30 - |
= it

Beta-blocker

Flecainide
+

Low dose beta-blocker

40 Hokter manitorings

PVCs on Holter -3.4% per 24h
Talonng 4.2% per 24h 0.4% per 24h (95% CI -5.0 10 -1.8)
3&0 patierd-months falow-up
Dev'“\‘,‘;:‘“‘ed 21 NSVTs ONSVTs  Supressed NSVTs
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Role of catheter ablation?
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Role of cardiac surgery?
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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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