RV electromechanical dyssynchrony and interventricular
interactions in Ebstein’s anomaly

Mark K. Friedberg, MD, PhD

. \ > [ 8
/ p= |
! ’ \ ‘ 3 s
! 3 : ) I
N Qo RN ? Lot I .
- :

4 \‘ o« \
g : . \
N\

THE HOSPITAL FOR
SICK CHILDREN

Echocardiograph




NO DISCLOSURES



Objectives

* Briefly review electromechanical dyssynchrony in EA

* Previous insights on RV-LV interactions in EA

* Present our current work using ML

* Show how surgical intervention changes R-L interactions



Dilated RA

‘Atrialized" RV

CRUX OF HEART

\ ANTERIOR

f\ POSTERIOR ~SEPTAL_{
yl :n,_:‘-\ i N}

NORMAL N

\
MEDIAL k‘_j

CHORDAE
ANTERCLATERAL
PAPILLARY MUSCLE
CRUX OF MEART
'

EBSTEIN'S
RIGHT-SIDED

7

g
/N antemor [/

EBSTEIN'S N ()

) ’\\-‘
LEFT-SIDED \—F A
- et WP s
— I' \

®,

—— Tricuspid leaflets
displaced toward
the apex

Anderson, Mayo Clin Proc. 1979; 54: 174-180

Holst and Dearani Attenhofer, Circulation. 115, 2007, 277-285



Thin anterior
component

Thin inlet

component

Antero-superior
leaflet

Connecting
tongue

Fused septal &
mural leaflets

Ebstein anomaly




Neonatal Ebstein circle of death
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Severe Ebstein anomaly




11-year-old girl, pre-natal dx, doing well never had intervention




Conduction abnormalities in Ebstein anomaly

* Delayed intraatrial conduction

* Accessory pathways, ventricular
preexcitation, SVT

 RBBB and variable QRS morphologies
* Electromechanical dyssynchrony
 Atrial and ventricular tachycardias

1 AV Pathway

2 Atriofascicular Pathway

3 Nodoventricular Pathway

4 Fasciculoventricular Pathway
5 Ventricular Arrhythmia

6 Atrial Tachycardia/Flutter
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Ebstein anomaly is a myopathy: RV dysfunction and LV non-compaction




Biallelic loss-of-function variants in PLD1 cause congenital right-sided cardiac
valve defects and neonatal cardiomyopathy

1 | Autosomal recessive inheritance 2 ' Bl-allelic variants in PLD7T 3 | Variants localize to critical
residues on 3D protein structure

of PLD1
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Variants drastically reduce PLD1's 6 ' PLD1 inhibition decreases EndoMT 7 ) Clinical phenotype associated

enzymatic activity with PLD1 loss-of-function
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J Clin Invest. 2021;131(5):e142148. https://doi.org/10.1172/1CI142148



PLD1 and Ebstein anomaly with RV-LV interaction




Good RV function, but adverse RV-LV interactions

Adverse ventricular—ventricular interactions mediated by abnormal septal
kinetics and decreased RV output impede LV filling and function in
association with reduced exercise capacity.

JACC Cardiovasc Imaging. 2019;12:925-927
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Outflow Doppler summary
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MKL on raw traces + timing information
Distribution of Ebstein and controls along different dimensions of the simplified data representation
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Interpretation of the simplified data representation




Interventricular interactions

Only Ebstein cases — N =48

- Aortic and pulmonary waveforms + timing
- LV / RV Septum M-mode waveform + timing (HR, end-diastole, end-systole)




Summary of septal motion

RV Septal M-Mode LV Septal M-Mode




Mitral inflow in Ebstein Anomaly




Machine learning Vo2 g
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Septal flash
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|dentifying risk groups

QRS duration (ms)
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RV dysfunction pre and post-Cone procedure
PRE-CONE




So why does the Cone procedure work?
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Severe Ebstein —Starnes procedure

Pre-Starnes Post-Starnes
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Starnes procedure: Excluding the RV

Diastole Post Starnes

Bitterman Y, Friedberg MK. JASE 2024;37:255-258



Pathophysiology of Ventricular Interdependence

— Increased RV pressure load —— RV ischemia — RV dyssynchrony

—— Increased RV isovolumic times RV dilatation

:

Reduced & Prolonged RV
contraction

:

Reduced RV ejection

Reduced RV f lling

Exaggerated
respiratory variation
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¢ — Reduced LV preload
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Prolonged left septal shift

Increased LV f lling pressures =—— Reduced LV contraction —=——

Friedberg, M.K. J Am Coll Cardiol Img. 2018;11(5):755-71




Conclusions

* Ebstein anomaly is a disease of the TV and RV

* Pulmonary antegrade flow, LV filling and RV-LV interactions may be as or
more important than RV function per se

* RV-LV interactions are comprised of:
e prolonged RV contraction
Elevated PVR
Reduced LV preload
* Leftward septal motion in early LV diastole
RBBB electromechanical dyssynchrony
* Possible atrial pre-excitation

* Surgical interventions in part act via improving RV-LV interactions



Thank you
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Echo assessment of Ebstein anomaly

 Apical displacement of the septal leaflet (>8mm/m2 ).

* Tricuspid valve size (Z-score) and Morphology

* dysplastic thickened and rolled leaflets, fenestrations, multiple orifices, shortened chordae,
underdeveloped papillary muscles, restricted mobility/tethering, or stenosis.

* Tricuspid regurgitation and stenosis
 difficult to quantify given compliance of the atrialized RV and multiple regurgitation jets.

* Pulmonary stenosis/ atresia

* Presence of PR can differentiate “functional” from true pulmonary atresia. Direction of PDA
flow can help determine adequacy of pulmonary valve antegrade flow.

* Presence and direction of flow across an atrial septal defect or PFO.
 Circular shunt physiology (severe TR, ASD, PDA and PR).

* RV size and function
* Including effects on LV size and function.

* Assess anatomic severity:

* Chamber Area Ratio (end diastole in apical 4 ch-view): (RA + aRV)/(RV + LA + LV); ratio of >1
in neonate can indicate a poor prognosis



Sickkids outcomes in extreme neonatal EA

Sickkids Experience (2013-2024)

1 s~ |Labatt Family
ick
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N=2 N=6 (43% \ N=1
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Machine learning risk factors

9<X>14
14<X>20
20< X>25
25« X>30
30 < X>35
35 <X >41

0

005 0.1
Dim 2

0.04 )
0.02 '1
- &
®
g s % %
-0.02 ® e
@ s ®
-0.04 . oy
005 0 005
Dim 3
0.06 P
®
o 004 =
£ 0.02 5 :
8 ® 0"”
0.02 S0,
A Tl
005 0 005
Dim 3
0.6
- 4
£ 0.4 ~
a
0.2 9////
0
01 005 0 005



	Slide 1: RV electromechanical dyssynchrony and interventricular interactions in Ebstein’s anomaly
	Slide 2: NO DISCLOSURES
	Slide 3: Objectives
	Slide 4
	Slide 5: Ebstein anomaly
	Slide 6: Neonatal Ebstein circle of death
	Slide 7: Severe Ebstein anomaly
	Slide 8: 11-year-old girl, pre-natal dx, doing well never had intervention
	Slide 9: Conduction abnormalities in Ebstein anomaly
	Slide 10
	Slide 11
	Slide 12: Ebstein anomaly is a myopathy: RV dysfunction and LV non-compaction
	Slide 13
	Slide 14: PLD1 and Ebstein anomaly with RV-LV interaction
	Slide 15: Good RV function, but adverse RV-LV interactions
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: Only Ebstein cases – N = 48
	Slide 21
	Slide 22: Mitral inflow in Ebstein Anomaly
	Slide 23: Machine learning Dimension 1
	Slide 24: Machine learning Dimension 2
	Slide 25: Machine learning  Dimension 3
	Slide 26: Identifying risk groups
	Slide 27: RV dysfunction pre and post-Cone procedure
	Slide 28: So why does the Cone procedure work?
	Slide 29: Severe Ebstein –Starnes procedure
	Slide 30: Starnes procedure: Excluding the RV 
	Slide 31: Pathophysiology of Ventricular Interdependence
	Slide 32: Conclusions
	Slide 33: Thank you
	Slide 34
	Slide 35: GOS score
	Slide 36: Echo assessment of Ebstein anomaly
	Slide 37: Sickkids outcomes in extreme neonatal EA
	Slide 38
	Slide 39
	Slide 40

