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é‘um Morphology of mitral valve prolapse (MVP)
(5 senetics and Mitral Annulus Dysjunction (MAD)

Accumulation of proteoglycans
Leaflet redundancy, chordal elongation, and annular
dilatation
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» MAD : attachment of the posterior leaflet directly on the
atrial wall - abnormal motion of the annulus (curling)

Evolutive condition
Increased LV basal longitudinal strain

) )
0’0 0’0

Imaging modalities:

- Transthoracic echocardiography ++
- CMR ++

- CT

- PET

Box 2 The diagnosis of arrhythmic
MVP requires:

- tension on the papillary muscles and the
posterobasal myocardium
- local fibrosis

® The presence of MVP (with or without MAD)
® The presence of ventricular arrhythmia that is
® Frequent (>5% total PVC burden)or
® Complex (NSVT, VT, VF)

= ventricular arrhythmias and sudden cardiac death. ® The absence of any other well-defined arrhythmic substrate

Pieter Van der Bijl et al. J Am Coll Cardiol Img 2024; 17:1229-1245. Sabbag et al. Europace (2022) 24, 1981-2003.



-SuiB Natural course of Mitral Annulus Dysjunction:

Genets Predictors of evolution remain largely unknown...

= tension on the papillary muscles and the posterobasal myocardium

= |ocal fibrosis

- ventricular arrhythmias and sudden cardiac death.

EXCESS
MORTALITY

Excess moetality is
observed after the
diagnosss of severe
ventrncular arrhythmigs,
with progressively
Development of VA is increasing ingidence
PIOGressve OVer years over years

VENTRICULAR
ARRHYTHMIA

G

Myp o MAD
Whether MAD develops or Diagnosss of MAD in te 5-10 t+ 10-20
progresses over time, fter MVP the context of MVP yoars yeors

diagnosts, 1§ unknown

Pieter Van der Bijl et al. J Am Coll Cardiol Img 2024; 17:1229-1245.



gm Managing a malignant MVP patient

Genetics

* Rythmic risk

* Mitral regurgitation
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* Rythmic risk
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Ventricular arrythmia and SCD in Arrythmic MVP

50 - 50 1
p =0.02 — p < 0.0001
J x
<
St
c
=]
Table 3 Arrhythmia severity classification 40 - = 40 - 39:8%
<
Severity Arrhythmia Risk of References I;
burden/rate mortality - o
HR [95% CI] ® o
............................................................... > 30 + 30 4
Mild PVC>5% and/or 1.20 [0.68-2.14], " B 'é
ventricular VT runs P=05 E, 24:7% © 24+3%
arrhythmia <120 bpm '% E
Moderate VT runs g 20 O 20 -
. . = -
ventrlculalr 120-179 bpm 15:6% 1543% ﬁ 15+3%
arrhythmia g
Severe VT runs >180 bpm  2.94 [1.36-6.36] s o
ventricular and/or history of ~ P=0.006 10 - S LiE g 104 . 10£2%
arrhythmia sustained VT/VF 6x1% é el
o
HR, hazard ratio; PVC, premature ventricular contractions; VT, ventricular tachycardia. £
0 T T T 1 0 T T T 1
0 2 4 6 8 0 2 4 6 8
] Follow-Up (Years) Follow-Up (Years)
- Prevalence of sudden cardiac death: Patients at risk
0.2%- 4% — 338 293 246 203 138 338 293 246 203 138
— 206 178 142 105 61 206 178 142 105 61
— 41 38 34 27 18 41 38 34 27 18

- SCD as a first disease manifestation —— No/Trivial Arrhythmia — Mild/Moderate Arrhythmia — Severe Arrhythmia

Sabbag et al. Europace (2022) 24, 1981-2003. Essayagh et al. JACC 2020: 76 (6)
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Quantifying ventricular arrythmia burden in AMVP
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Ventricular arrhythmias in arrhythmic mitral valve syndrome

Single center prospective cohort study

Arrhythmic mitral valve syndrome Implantable Implantable cardioverter-

loop recorder,

~ defibrillator

68% female, median age 45 years N =80 N =60

Severe ventricular arrhythmias 7 (12%) patients 4 (20%) patients

(Ventricular fibrillation, ICD therapy, sustained VT, NSVT with hemodynamic instability)

Risk stratification and risk markers

Low risk Intermediate risk High risk

SR O P i B

No LV fibrosis, single leaflet MVP,

no/trivial MR, no PVCs from inferior LV Infrequent PVCs

LV = left ventricle, MR = mitral regurgitation, MVP = mitral valve prolapse, NSVT = non-sustained ventricular tachycardia, PYC = premature ventricular complex, VT = ventricular tachycardia

Aabel et al. Europace (2023) 25, 506-516
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* Rythmic risk Ventricular arrhythmias in arrhythmic mitral valve syndrome:
A a prospective continuous long-term cardiac monitoring study
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Posterior papillary muscle fibrosis Bileaflet mitral valve prolapse

MO (ms)
|
|

18 p=0.04 ®1  p=o00t
| = 2
L | T
. 10 c 10
- E
s 3
=z =z 5 0
5 Controls MVP Total NA-MVP  A-MVP
ﬁ o Em
_LGE +LGE — Bileaflet + Bileaflet
24h Holter monitoring
. : . P P oot Arrhythmic mitral valve N Stress ECG
PVC with RBBB and superior axis Significant mitral regurgitation syndrome » Echocardiography
Cardiac magnetic resonance
~ 15 p < 0.001 15 p=0.03
P
" - 10 i 10 NSVT risk markers:
- S ! - Left ventricular fibrosis
S = - Bileaflet MVP
" 2 ' 2} - Significant mitral regurgitation
z
— 5 5 - PVC from inferior left ventricle
n ' ! ' |
| ' . . 0 risk markers >| risk marker
. | ol — o N Dilated left ventricle,
Infrequent PVCs frequent PVCs or NSVT
-PVC +PVC No/mild ~ Moderate/
severe ! !
Low risk Intermediate risk High risk
NSVT markers || W-JNNW"WW
0 markers > | markers p-value
¥
Severe VA incidence rate, %/person-years [95% Cl] 0% [0-0] 7% [3—14] 0.04 | Repeated Holter monitorings |
L. Implantable loop recorder |
NSVT incidence rate, %/person-years [95% ClI] 5% [2—-15] 29% [19-44] <0.001 Frequent PVCs or NSVT Lo - J
syncope/ IcD

No NSVT syncope/

prasy 5

NSVT wlﬂmuT NSVT with

Pieter Van der Bijl et al. J Am Coll Cardiol Img 2024; 17:1229-1245. Aabel et al. Europace (2023) 25, 506-516
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Managing ventricular arrythmia

Retrospective

Dutch + UK cohort

Mitral Annular Disjunction in Patients with Idiopathic Ventricular Fibrillation

i‘ Structural ’

Proarrhythmic |
abnormalities

Study popusation | characteristics

_ 13% with Proarrhythmic
185 IVF patients -»> inferolateral MAD -»> characteristics
(iIMAD) differed
_— No iIMAD milMAD

(o}
T

| | p=0.579
1

High NSVT Appropriate
PVC ICD therapy
Burden

Percentage
4 D
o o

1 1

N
2

A high prevalence of inferolateral MAD is
present in IVF patients

Verheul et al. European Heart Journal - Cardiovascular Imaging (2024) 25, 764-770




* Rythmic risk

Managing ventricular arrythmia
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@ ESC Europsce (2022) 24, 1981-2003 CONSENSUS DOCUMENT

European Society https//doi.org/10.1093/europace/euac125
of Cardiology

EHRA expert consensus statement on
arrhythmic mitral valve prolapse and mitral
annular disjunction complex in collaboration
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

Avi Sabbag (Chair) ® '*, Benjamin Essayagh © %3, Juan David Ramirez Barrera®,

Cristina Basso @ %, Ana Berni © %, Bernard Cosyns 7, Jean-Claude Deharo®,
Thomas Deneke @ ?, Luigi Di Biase'®, Maurice Enriquez-Sarano © ',

Erwan Donal @ '2, Katsuhiko Imai ® '?, Han S. Lim'%, Nina Ajmone Marsan © 15,
Mohit K. Turagam“, Petr Peichl ®'7, Sunny S. Po'® and

Kristina Hermann Haugaa © '?

Sabbag et al. Europace (2022) 24, 1981-2003.

MVP PATIENTS

Presentation yme

Testing Perlodlc Holter

g

Phenotypic risk features.

TWI in the inferior leads, mu

LGE.

polymorphic PVCs, MAD, redundant
MV leaflets, enlarged LA, LV-EF< 50%,

Itiple

Few

Treatment

Testing

Treatment

Multiple a
syncope

/

||1E|

No High Risk VT

High Risk
VT

No high risk
VT

DMR
Severe
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RISK STATIF
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Interrogation

ICD

Ablation/AAD



7 high-risk AMVS patients

Patient characteristics:

7 female (age 24 to 39 years)

3 with mitral valve prolapse

7 with mitral annular dysjunction
6 with no/mild mitral regurgitation
2 with papillary muscle LGE

Ejection fraction 42% to 63%

Aborted
i et Polymorphic VT | I Frequent PVCs / NSVTs

Implantable Ioop recorder

E————
Flecainide
+
Low dose beta-blocker

40 Holter monitorings

4.2% per 24h

@
8

||\

Beta-blocker

-3.4% per 24h
(95% Cl-5.0 to -1.8)

PVCs on Holter

el 0.4% per 24h
monitoring

350 patient-months follow-up
Device-detected 21 NSVTs 0 NSVTs

VTs

Aabel et al. Heart Rythm 2023; V1020 (4) 635-6365-636April 2023

Supressed NSVTs

Table 2. Localization of Dominant Ventricular Ectopy in Cardiac Arrest and Nonarrest Patients

Cardiac Arrest (n=6) Nonarrest (n=8)

No. of ventricular ablation procedures (total [limits per patient]) 8 (limits 1-2) 11 (1-2*
Ablation period 11/2010 to 3/2015 2/2007 to 9/2013
Anatomic location of dominant VE

LV papillary muscle 4/61 5/8%

LV fascicle (nonpapillary) 4/6t 4/8%

RVOT 0 1
Purkinje target 6/6 5/8
Location of Purkinje target

LV papillary muscle 4/6§ 3/8|

LV fascicle (nonpapillary) 4/6§ 5/8||
Ablation-induced VF from target VE 4/6 2/8

* Rythmic risk
< Medical treatment options to control ventricular arrythmias? e
-/ Consensus statement on Symbol References

catheter ablation of VAs

Ablation of PVCs in patients with 95,128154173.175-

frequent PVCs who are 17
symptomatic or have decreased LV
function is advised.
Ablation of VA in MVP patients should Expert
be performed in experienced consensus
centres with expertise in VA
ablation and interventional and
surgical treatment of MV

regurgitation.

Ablation of papillary muscle PYCs/VA 176177
is challenging and use of intracardiac @
echocardiography, contact force
sensing catheters or cryoablation
may be helpful to improve catheter
contact and effective manipulation.

Ablation of PVCs is reasonable if 128123
triggering VF, particularly if not '
controlled by medications.

Ablation of sustained monomorphic 134179
VT despite antiarrhythmic '

treatment or if antiarrhythmic

treatment is not desired, or
contraindicated should be
performed in MVP patients with

recurrent ICD therapies.

Sabbag et al. Europace (2022) 24, 1981-2003.
Syed et al. Circ Arrhythm Electrophysiol. 2016;9:e004005.
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< Managing mitral regurgitation
« Mitral regurgitation
) e ™
Patient with severe primary mitral regurgitation
J« mechanism and severity of MR does not I
correlate with the presence of MAD h@ﬂ Symptoms ¥ j
® MAD |S aSSOC|ated Wlth d |Sproport|0nate LV LVEF <60% or LV dilatation High surgical risk according
(LVESD =40 mm or LVESDi 220 mm/m3 _ \ to the Heart Team
enlargement (more than accounted by the i i i
;i & Y
severity of MR) T !
Presence of at least 3 of the following: Anator%irc-eli_:stt:‘iat gl
- AF
« SPAP H o—|
« Posterolateral, basal hypertrophy has been " LAVI 260 mUm or diameter 355 mm A T L
« Concomitant secondary TR 2moderate Y &
documented <-> focal HCM? .
\f
AF or
SPAP at rest >50 mmHg j
i
N Y
Consensus statement on mitral Symbol Ref T
surgery Significant LA dilatation
............................................................... (LAVI 260 mL/m?or diameter =55 mm)
and high likelihood of durable repair
Mitral valve surgery may reduce the Expert 7 i
burden of malignant VAs® in MVP consensus ? I
patients and severe MR. ' - y Y
T™VI
Surgical cryoablation during mitral valve Expert if feasible
surgery with history of complex VA consensus : MV MV Fralh i
Eery i P Watchful Surglca! (presfz:gglr)}/l (presfg:ggz TEER smger;sin
may be reasonable. waiting '(Vc“l’a:‘:ﬁr’a')r repair) repair) (Class Ila) selected
(Class lla) (Class 1) patients
*Malignant VA—sustained VA, highly symptomatic NSVT. Medical
MR, mitral regurgitation; MVP, mitral valve prolapse; MV, mitral valve; NSVT, treatment
non-sustained ventricular tachycardia; VA, ventricular arrhythmia. _ . D
@ESC @EACTS

Sabbag et al. Europace (2022) 24, 19812003, Praz et al. European Heart Journal (2025) 00, 1-102
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Mitral annular disjunction and mitral valve prolapse:
long-term risk of ventricular arrhythmias after surgery
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« Mitral regurgitation

Degenerative mitral

regurgitation n = 599 Mitral annular disjunction
/ (MAD) prevalence 16%

Increased risk of ventricular arrhythmia in
MAD patients undergoing mitral valve surgery

Freedom from postoperative
ventricular arrhythmia

1'0 ) No MAD

MAD length, 0,8
median = 8 mm 7 MAD

MAD diagnosed on 06
\ echocardiogram 04

{ l *" | Adjusted HR (95% CI) for MAD vs no MAD:

\ 05 333 (1:37—8.08); P =001
Mitral valve surgery corrects ~ [P, repair vs replacement = 0.18

- MAD in all patients 0.0

I I I
Repair Replacement 0 L5 3.0 4.5 6.0 7.5
Time after surgery (years)

Artificial Number at risk

chordae \ | hoMAD 503 438 363 292 235 182

MAD 96 80 63 52 34 22

Characteristics of MAD vs no MAD

¢ Younger age (55 vs 63 years)

* More likely to be female (31% vs 17%)
o Barlow's disease (70% vs 27%)

e Bileaflet prolapse (57% vs 17%)

Lodin et al. European Heart Journal (2025) 46, 2795-2805
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MVP-associated inherited conditions
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» Associated conditions
J

Gene or chromosome

Defect localisation/mechanism

1. Rare causal genetic defects

Syndromic MVP
Trisomies 18, 13, 15
Marfan syndrome
Loeys-Dietz

Juvenile polyposis syndrome
Aneurysm-osteoarthritis syndrome

Ehlers-Danlos syndrome
Osteogenesis imperfecta
Williams-Beuren syndrome

Pseudoxanthoma elasticum

BDCS or FTH syndromes
Larsen-like syndrome

Syndrome with sinus node dysfunction, arrhythmias, LVNC

Non-syndromic MVP
Filamin A-MVD

Myxomatous disease (MMVP2)
Myxomatous disease (MMVP1-3)

2. Frequent variants
GWAS

Chr 18,13, 15
FBN1-TGFSR2-TGFp2
TGFSR1-TGFfR2
SMAD4-BMPR1A
SMAD3

Collagen types I, Ill, \; XI and tenascin
Collagen type |
Elastin

MRP6 (ABCC6)
SH3PXD2B

B3GAT3

HCN4

FLNA
DCHS1
Chr16-13

LMCD1
TNS1

ECM/TGFp pathway
TGFB pathway

TGFp pathway

TGFP pathway

ECM

ECM

ECM

ECM

Podosomes/cell migration
ECM/glycosaminoglycans
lonic channel/heart development

Mechanotransduction
Cell migration and polarity

Transcription factor
Focal adhesion protein/cytoskeleton organisation

BDCS, Borrone dermato-cardio-skeletal; ECM, extracellular matrix; FTH, Frank-Ter Haar; GWAS, genome-wide association study; LVNC, left ventricular non-compaction; MVP,

mitral valve prolapse; TGF, transforming growth factor.

Le Tourneau T, et al. Heart 2018;104:978-984. doi:10.1136/heartjnl-2017-312420
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Associated conditions:
Overlap with aortopathies
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» Associated conditions

S

% with MAD

40%

35%

30%

25%

20%

15%

10%

5%

0%

TGFp variants

-

Non-TGFB variants

Age 238 35 (20, 49)* | 33(21,52) 0.66
MVP 240 16 (9) 26 (46) <0.001
MR 240 36 (20) 30 (53) <0.001
Arrhythmia 235 20 (11) 8 (14) 0.64
Aortic surgery 239 63 (35) 23 (40) 0.53
Aortic dissection 240 37 (20) 11 (19) 1
Mitral surgery 240 6 (3) 3(5) 0.69
CHF 186 13 (9) 4(8) 1
LVEF, % 153 62 (57, 65) 62 (57, 65) 0.80
LA volume, mL 94 50 (34, 69) 54 (386, 75) 0.33
Max diameter, mm | 164 38+10" 39+7 0.55

TGFBR1 22 (9) 6 (27) ORIGINAL RESEARCH

TGFBR2 45 (19) 12 (27) Mitral Annular Disjunction in Heritable
TGFB2 22(9) 5 (23) Thoracic Aortic Disease: Insights From the
TGFB3 5(2) 0(0) Montalcino Aortic Consortium

SMAD3 67 (28) 29 (43) e Mk, ooaLarm @, Moy P Ak e Etcten 0, M, o Dok e, M Arg T, Yoran ®, MO
ACTA2 29 (1 2) 3 (1 0) PhD; Siddharth K. Prakash &, MD, PhD; on behalf of the Montalcino Aortic Consortium*

COL3AT1 26 (11) 0 (0)

LOX 5(2) 0 (0)

MFAP5S 2(1) 1 (50)

MYH11 3(1) 1(33)

MYLK 1(0) 0(0)

PRKGT 2 (1) 0(0)

FLNA 8(3) 0(0)

SCL2A10 2(1) 0(0)

TGF-g PV 162 (68) 52 (32)

Other PV 78 (32) 5 (6)

Total 240 57 (24)

% indicates percentage of cohort; MAC, Montalcino Aortic Consortium
registry; MAD, mitral annular disjunction; n, number of cases; PV, pathogenic
variant; and TGF-8, TGFBR1, TGFBR2, TGFB2, TGFB3, SMAD3, SMADEG.

Asokan, K. L. et al. J. Am. Hear. Assoc. 13, e036274 (2024)
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gRythmic fisk Complex genetic architecture of MVP:
Development of a polygenic risk score
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» Associated conditions

S

Polygenic risk score improves risk prediction

‘ 4,884 MVP cases Prevalence of MVP (%)
[vs) 0.0026 . _
s
] Top 20% S
434,649 controls It =

0.0022 @

Bottom 80%

0.0018+ s ‘ <
16 genetic loci with candidate genes ° Odds Ratio G ‘
. - 1.79 10

N 0.0014 .
og10(p) o eGene - ] ] NN o
14+ T T T T T TWAS - --.
1 2 3 4 5 -EY EEPEEEE EE ON H EE I | [ |
Quintiles of Polygenic Score for MVP Proteomics- [l M HE H H ER H EETH
mgm—: = H En HH EEE" H BN B =..=.. HE
Sensitivity Literature - H H
1.0 Intronic - e | ] H B ® [ |
Missense - | | | | HE
89 5308 88 9 8 2983 2 ET L 20038035 RYY § &
g 2 = < SRR
0.6 o
5 6 7 8 910111213 15 17 19 22 — Clinical RF+PRS MVP -3
Chromosome 04 — Clinical RF
3 PRS MVP
TGF-beta signaling Cardiomyopathy Cytoskeleton 024
Lr8P2 AL SPTBN ool What is beyond a Barlow disease?

10 08 06 04 02 00
Specificity

RBM20

Roselli et al. European Heart Journal (2022) 43, 1668—1680
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Take home messages

MAD presence should be carefully checked and is associated with ventricular arrhythmias in MVP

Increasing evidence that MAD-MVP may be associated with inherited cardiac conditions, but genetic testing is
not yet recommended in routine practice

—> take at least a look at familial history and sytemic features and then consider genetic testing

Due to a paucity of data, clinical decision making in a patient with MAD is challenging and remains largely
empirical.

Multimodality imaging may be useful in identifying high-risk patients with MAD.

Although MAD itself can be corrected surgically, the prevention and treatment of associated arrhythmias may
require medical therapy, catheter ablation, and an implantable cardioverter-defibrillator.

Prospective data are required to define the role of prevention and treatment in at-risk patients
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