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VD normal

Apical
Trabecular

Segment

Figure 1. This window dissection shows the 3 components of a normal
nght ventnicle. Courtesy of Professor Y. Ho

-Alonzo-Gonzalez et al. The right heart in adults with congenital heart disease. Rev Esp Cardiol. 2010;63(9):1070-86



Wilhelm Ebstein 1866
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M. Mazurak et al. The two anomalies of Whilelm Ebstein. Tex Heart Inst J. 2017;44(3): 198-201



Malformation d’'Ebstein

Défaut de délamination du
feuillet septal de la tricuspide

Feuillet antérieur en « voile de
navire »

Déplacement de I'anneau
fonctionnel tricuspide vers la
pointe du VD

Atrialisation d’'une partie de la
chambre d’admission du VD

Dilatation de I'anneau tricuspide
et de 'OD






Historique

1866 : publication de W. Ebstein
1927 . « anomalie d’Ebstein »

1951 : Soloff et al. diagnostic par cathéeterisme
cardiaque

1962 : Ch. Barnard RVT par bioprothese



Classification de Carpentier et al. 1988
Type A : volume du VD fonctionnel satisfaisant

Type B : atrialisation d'une large portion du VD mais ample
mouvement du feuillet antérieur de la tricuspide

Type C : restriction sévere du mouvement de la valve
antérieure pouvant créer une sténose infundibulaire

Type D : atrialisation complete du VD, a I'exception d'un petit
infundibulum



Ebstein




Malformation d’Ebstein type A

Ch. Schreiber et al. J Thorac Cardiovasc Surg 1999;117:148-55



Malformation d'Ebstein type C

Pulmonary

Right
Atrium |

Figure 9. Ebsten malformabon of the
ncusped valve wewed from the nght
atrum (A and from the nght venincular
outflow tract (B). In thes heart the sail-like
leafiet (*) has a lented free margine This
results n a key-hole perure (arrow)
between the antenor leaflet and the
wderdeveloped septal leaflet (s) that
5 the efiective valvar onfice dsplaced
toward the outflow tract. Courtesy of
Professor Y. Ho.

R. Alonzo-Gonzalez et al. The right heart in adults with congenital heart disease. Rev Esp Cardiol. 2010;63(9):1070-86
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Grande variété des formes du VD et de la tricuspide

RE. 7. There was wide shape vanabdity in the right ventncie and micuspd onifice (TO)
of Thstein's anomaly puterts, as Hiustrated here by 3D reconstraction i five patients,
mpared with one somaal (NL) subpect (Defow Jeft).

Ch.M.Lee et al. The shape and function of the right ventricle in Ebstein's anomaly.
Int J Cardiol (2012), doi:10.1016/ j.ijcard.2012.03.062



Ch.M.Lee et al. The shape and function of the right ventricle in Ebstein's anomaly.
Int J Cardiol (2012), doi:10.1016/ j.ijcard.2012.03.062

ABSTRACT

Background: Ebstein’s anomaly iovolves both the right ventricle (RV) and tricuspad valve,

Merhods The functional RY and tricaspid onfice were traced from magnetic resonance images in 29 adule
Ebstein patients and 9 normal subjects and reconstructed for visualization and measurement of regional
RV size, function, and shape at 20 cross sections, and inlet and outflow tract ejection fractons (EFs),
Resufts: The RV in Ebstein’s had RV dilation (end disstolic volume index 179 4 69 v 84 222 mlm” in
noemals, p<0.001 ) and global dysfunction (EF 45 £+ 8 v 551 5% in normals. p<0.001). Lomgwudimal contrace
tion was preserved (264 13 vs. 26 £ 4 man in normals) and correlated more weakly with EF than short axis
fractional shortening (=044 v& r=071, p<0.05 for both ). The apical region in Ebstein’s RY was enlarged,
rounded and contnbuted more than normal to the global stroke volume. However this comtribution corvelat.
of inversely with global EF, In contrast slices in the basal region had normal cross sextonal area and their
function comrelated directly with global EF, Inlet EF was depressed (46 +£ 8% vs. 5546 in nomals,
p=002); outfiow tract EF was even more depressed (394 14, p=0019)

Condusion: The three dimensional shape of the RV in adult Ebstein patients was demonstrated. The Ebstein's
RV remodels in diverse regional pasterns rather than following 2 shape continuum, Changes ¥ the apex and
base had opposing effects on function. Clobad EF was supported more by short axis than longitudinal
contraction.




Ch.M.Lee et al. The shape and function of the right ventricle

In Ebstein's anomaly.
Int J Cardiol (2012), doi:10.1016/ j.ijcard.2012.03.062

Dilatation du VD :
— VTD : 179469 vs 84+22 ml./m?

Dysfonction du VD :
— FE : 45£8 vs 55+5%

 Région apicale du VD

— Dilatée et arrondie

— Contribuant plus que normalement a la fonction globale

Contraction longitudinale préservée :

— TAPSE : 2613 vs 264 mm

— mal corrélée a la fonction globale (R? = 0,19 vs 0,50)

e Raccourcissement du petit axe

— bien corrélé a la fonction globale (R> = 0,391, p< 0,001)



S. Fratz et al. The functional right ventricle and tricuspid regurgitation in
Ebstein's anomaly. Int J Cardiol (2012), doi:10.1016/j.ijcard.2011.12.081
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Extended Glasgow Outcome Scale

D.S.Celermaijer et al. Ebstein’s anomaly: presentation and outcome from fetus to
adult. J Ann Coll Cardiol 1994;23:170-6.

Echographie chez le nouveau-né

Surface (OD + VD atrialisé) / Surface (VD fonctionnel + OG + VG)

 Grade1: <0,5
« Grade?2: 0,5-0,99
« Grade 3: 1 -1,49
« Graded: =215



Malformation d’'Ebstein



« Rare:
— 1a2/100 000 naissances vivantes
— 0,5 % des cardiopathies congénitales

« Traitement maternel pendant la grossesse par :
— Lithium : risque multiplié par 400
— Benzodiazépines



R. Cabrera et al. |dentification of clinically relevant phenotypes in patients
with Ebstein’s anomaly. Clinical Cardiology. 2018;41:343-348.

N : 147 Characteristic Frequency, n %
Female sex 69 469
Age at first consult at institution, y

Early childhood, 0-5 63 429
Childhood, 6-11 27 184
Adolescence, 12-17 30 204
Young adult, 18-26 g €>.1~
Adulthood, 27-59 17 11.6
Old age, 260 1 0.7
Severity of disease (per Carpentier)
Type A 33 224
Type B 41 279
Type C 45 30.6
Type D 28 19.0

Familial cases 7 48



Associations

CIA ostium secundum ou FOP
WPW

ClVv

Sténose pulmonaire
APSI

T4F

CoAo

Anomalies mitrales

Doubles discordances : 1/3 ont un Ebstein



R. Cabrera et al. |dentification of clinically relevant phenotypes in patients

with Ebstein’s anomaly. Clinical Cardiology. 2018;41:343-348.

N: 147

Comorbidities

ASD &
Ostium secundum
PFO

Ostium primum

wpPw

Complete REBB

RVOT obstruction

Pulmonary stenosis

Pulmonary atresia with VSD
Pulmonary atresia without VSD
Tetralogy of Fallot

SvVT

incomplete RBEB
PDA

N
89

62
22

5
39
26
23

21
21
19

%

60.5
422
150

34

26.5

17.7
156
7.5
41
34
0.7
143
143
129




R. Cabrera et al. |dentification of clinically relevant phenotypes in patients
with Ebstein’s anomaly. Clinical Cardiology. 2018;41:343-348.

N: 147

N

u
Cognitive or developmental delay 3 20
Down syndrome 5 34
Kleefstra syndrome 1 0.7
1p36 deletion syndrome 1 0.7
Tumer syndrome 1 0.7
VACTERL association 1 0.7
Congenital rubella syndrome 1 0.7
Scimitar syndrome suspicion 1 0.7



Physiopathologie

* L’hémodynamique est fonction
— Des resistances pulmonaires
— De I'importance de 'l T
— De la fonction du VD
— De l'existence d'une CIA
— Du rythme cardiaque







Physiopathologie

e Chez le foetus et le nouveau-né :
— IT et RVP élevée =>

 atrésie pulmonaire fonctionnelle ducto-dépendante
 ¢lévation de la pression atriale droite

— FOP large ou CIA : la POD dépend du VG

» Foetus : décompression de I'OD : meilleur pronostic
* Nouveau-né : shunt D-G => cyanose importante sans insuffisance
cardiaque
— Pas de CIA et FOP étroit : coeur en série
* Foetus : anasarque

* Nouveau-né : insuffisance cardiaque droite et défaut de précharge du
VG



Physiopathologie

« Chez le grand enfant et I'adulte :
— IT et altération de la contractilité VD
=> Dilatation de 'OD et du VD

— CIA:
 Bon VD : shunt G-D
* VD moyen : shunt G-D au repos et D-G (cyanose) a I'effort
« Mauvais VD : Shunt D-G et cyanose

— SIA intact :

 Pas de cyanose
« POD et insuffisance cardiaque fonction de I'lT et du VD

— Arythmies



La présentation clinique

 Foetus et Nouveau-Né

— Anasarque
— Cyanose et Insuffisance cardiaque

 Enfant et Adulte

— Spectre étendu entre :
e asymptomatique
 cardiopathie cyanogene sévere
— Symptoémes principaux :
* Arythmies
« Fatigue, Dyspnée, Limitation a I'effort
« Cyanose
— Complications :
« Embolies systémiques
* Abcés cérébraux
* Arythmies
* Mort subite



Présentation clinique

« Cyanose inconstante
 Hepatomegalie inconstante

 Anomalies de l'auscultation :
— Dédoublement large de B1 et/ou de B2
— Clicks systoliques
— B3 et/ou B4
— Rythme a 3 ou 4 temps
— Souffle systolique d’IT



ECG

HAD
BAV1
BBD polyphasique

Ondes Q profondes
— en D2,D3, aVF
— DeV1av4a

Aspect de pré-excitation ventriculaire
Bas voltage des QRS
Arythmies supra-ventriculaires ou ventriculaires



HAD, bas-voltage des QRS, BBD



ECG

G.E.Assenza et al. European Heart Journal (2013) 34, 191-200



ECG : relation entre durée de
QRS et fonction VD
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G.E.Assenza et al. European Heart Journal (2013) 34, 191-200



ECG

QRS duration: 100 ms

Indexed, anatomical
RV end-diastolic volume: 110 mil/m?

G.E.Assenza et al. European Heart Journal (2013) 34, 191-200



ECG

QRS duration: 206 ms

Indexed, anatomical
RV end-diastolic volume: 382 ml/m?

G.E.Assenza et al. European Heart Journal (2013) 34, 191-200



Voie accessoire et Ebstein

* 5-25% WPW

* VA droite et muitiple > 50%
* VA maligne

* Taux de succes RF = 80%

* Taux de recurrence = 20%

* Complication 3-5%

Reich et al. JCE 1998

diapo de Alice Maltret



Ebstein sans voie accessoire

diapo de Alice Maltret



Sans voie accessoire Avec voie accessoire
. V1

cbstein sans VA
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Ebstein avec VA

diapo de Alice Maltret



Radiographie thoracique

RCT > 0,65 : mauvais pronostic



Echocardiographie

Tricuspide :
— Déplacement apical du feuillet septal de la tricuspide = 8 mm/m?
— Attaches et mobilité des feuillets septal et postérieur

— Dimension du feuillet antérieur
— Abondance de I'IT

VD :
— Dimension de la portion atrialisée
— Dimensions et fonction du VD résiduel
Voie d’€jection droite et arteres pulmonaires
Septum interatrial
Cavités gauches et fonctions VG

Anomalies associées



Booker et Nanda. Echocardiography 2015;S32:177-S188
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Anternos 0 1007 d’aprés Anwar AM, et al. Assessment of normal tricuspid valve
Postenor 0"\ 0 anatomy in adults by realtime three-dimensional echocardiography.

Int J Cardiovasc Imaging. 2007;23:717-24.
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Booker et Nanda. Echocardiography 2015;S32:177-S188






Anwar AM, et al. Assessment of normal tricuspid valve anatomy in adults by realtime three-
dimensional echocardiography.
Int J Cardiovasc Imaging. 2007;23:717-24.

antero-postenor commissure

-
antero-septal Bommissure

-~
-

postero=septal commissure

Table 2 Normal (absolute and index) values of tricuspad
valve annulus (hameter and area), Trncuspid valve arca
and the width of the 3 commissures

Parameler Absolute value Index value

I'nicuspid annulus 40207 (cm) 22 = 04 (cm/m”)
diameter

I'mcusped annulus 100 =29 (em®) 55+ 16 (cm™/m”)
arca

I'mcusped valve area 48 = 16 (cm”) 27 £ 09 (em™/m”)

Antero-septal S4+1S5(mm) 29 £ 05 (mm/m~)
COMMISSUre

Postero-septal 52+ 15(mm) 29 + 0.7 (mm/m~)
commssure

Antero-postenor S1=11(mm) 28 + 06 (mm'm°)
COMmIssure



L.P.Badano ef al. Evaluation of the tricuspid valve morphology and function by transthoracic
real-time three-dimensional echocardiography.
European Journal of Echocardiography (2009) 10, 477-484

20081203 124432PM
HSR - Milano
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Volumes

Fonction VD

Fonction VG




Le pronostic est fonction

du degre de dysfonction tricuspide

du degreé d’atrialisation du VD

du volume et de la fonction du VD residuel
de la fonction du ventricule systemique
des malformations associées

des arythmies



Techniques chirurgicales

e Nouveau-né :

— Blalock-Taussig-Thomas
— Technique de Starnes (1991)

e (Grand enfant et adulte :
— Simple fermeture de CIA
— Chirurgie tricuspide
e Danielson (1979)
e Carpentier et Chauvaud (1988)
e Da Silva : Réparation en cone (2011)
e Remplacement valvulaire tricuspide (1962) : a éviter

e Dérivation cavo-pulmonaire partielle : 1,5 ventricule
e Circulation de Fontan : DCPT



Technique de Starnes

= ' Pericardial Patch
4mm Pono;w on o~ 5 C
7 2

:f(

- Fermeture de la tricuspide
par un patch de péricarde

" Coronay Sinus

AN fenestré
e Y A - CIA chirurgicale
-BTT

Hpare 2 In1



Technique de Danielson (1979)

Figure 3: The Danselson Technique for Tricuspid Valve
Repair in Ebstein Anomaly.
The anterior leaflet functions as a monocuspid valve.



Technique de Carpentier et Chauvaud

S. Chauvaud. Repair of Ebstein’s anomaly. Oper Tech Thorac Cardiovasc Surg. 2004,9:194-207



Dérivation cavo-bipulmonaire (DCPP)

e Indications :
— IT sévere
— Mauvais VD
— POD élevée
— POG basse
— VG mal empli

S. Chauvaud. Repair of Ebstein’s anomaly. Oper Tech Thorac Cardiovasc Surg. 2004,9:194-207



José Pedro da Silva et al. , The cone reconstruction of the tricuspid

valve in Ebstein’s anomaly. The operation: early and midterm results
ﬁlrg 2007;133:215-23

J Thorac Cardiovasc

Figure 1. Operative steps lor Ebstein’s
anomaly repair. A, Opened right atrium
showing displacement of the tncuspid
valve. TTA, True tricuspid annulus;
ASD, atrial septal delect; CS, coronary
sinus. B, Detached part of the anterior
and posterior leaflet forming a single
piece. C, Clockwise rotation of the
posterior leaflet edge 1o be sutured to
the amterior leaflet septal edge and pli-
cation of the true tricuspid ansulus. D,
Complete valve attachment to the true
tncuspid annulus and valved closure
of the atrial septal defect




José Pedro da Silva et al. , The cone reconstruction of
the tricuspid valve in Ebstein’s anomaly. The
operation: early and midterm results

Figure 2. Surgical sequence of tricuspid valve repair with incorporation of the septal leaflet. A, Detached septal
and posterior leaflets and part of the anterior leaflet of the tricuspid valve. AL Anterior leaflet; PL posterior leaflet;
SL septal leaflet. B, Septal leaflet sutured to the posterior and anterior leaflets in a cone shape and the plicated
annulus. C, Final aspect after filling the right ventricle with saline.

The Journal of Thoracie and Cardlovascular Surgery « Volume 135, Number 1 217



Fwgure ). Echocacdiographic sspects

A Preoperatrve echocardiegram show
ing ncuspid valve leabet dowaward
displacement aad eslcgement of
nght-side chambers. B, Postoperative
echocardicgrams (13 menths) showing
the tincespd valve in the correct level
and with the anteroposterior diameter
smaller than the mitral valve. C, Dpen
ing and closing soguence of the e
pared tncuspid valve. SYST, Systole
EBA, right atnunc AV, nght ventncle; (A
leh strune LV leh vestncle: AL ante
mor leallet, SL sepinl leallet INAST
diastole; T, antercposterior tricespid
valve amaulus diameter, M. ameropos

D(AST b fener mutral vatve annulus dsameter

- J Thorac Cardiovasc Surg 2007;133:215-23



J Thorac Cardiovasc Surg 2007;133:215-23

TABLE 2 Early postoperative echocardiographic results
and recent functional class of heart failure compared with

preoperative data
Preoperative Postoperative P value
Tricuspid insufficiency, n < 0001
Grade 0 3
Grade 2 1 5
Grade 3 15 3
Grade 4 24 0
TTA AP diameter, mm M3 =65 151 =37 <.0000
(mean)
Functional class (NYHA), n < 000"
Class | 5 k¥4
Class Il g 5
Class I 5 0
Class IV 2 |

ANYHA, New York Heart Assocabon; TTA twe tricuspid annulus, AP,
anteropostence.



José Pedro da Silva et al. ,Cone reconstruction of the tricuspid
valve in Ebstein’s anomaly. The operation: early and long-term

results. Arq Bras Cardiol 2011; 97(3) : 199-208
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K.M.Veen et al. Reconstructive surgery for Ebstein anomaly :

three decades of experience.

European Journal of Cardio-Thoracic Surgery, 05 february 2019,
https://doi.org/10.1093/ejcts/ezz022

1988 - 2016

e 36 patients

e Age:254+159 ans

e Sex ratio: 0,36

e Carpentier-Chauvaud : 21 (58%)
e Cone repair: 15 (42%)

e Déces : 1 précoce (3%), 2 tardifs

* Réinterventions : 6 patients
e Survie a 25 ans : 97+£3%

e Sans réintervention a 25 ans : 80+8%
e Follow-up : probabilité de NYHA 3-4 < 10%



Key question

Is reconstructive surgery for an Ebstein anomaly
associated with acceptable outcomes?

]

Key finding(s)

Hospital and late mortality rates were low.
Reoperation rates and valve function were acceptable.

]

Take-home message

Reconstructive surgery for Ebstein anomaly is a safe
operation with a satisfactory long-term outcome.
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Mortalit€ opératoire

e Danielson : 5,8%
e Carpentier et Chauvaud : 9%

e Da Silva (Cone) : 3,8%



A Kiihn et al. (Munich) : Tricuspid valve surgery improves cardiac

output and exercise performance in patients with Ebstein's anomaly
Int J Cardiol (2011), doi:10.1016/j.ijcard.2011.11.033

Avant vs Apres chirurgie

Charge maximale : 1,87 vs 2,0 W/kg p = 0,026
VO2 max : 21 vs 22 mL/kg p=0,034
Débit cardiaque : 2,7 vs 2,9 I/min/m2 p=0,035
VES pulmonaire : 29 vs 42 ml/m2 p = 0,005
FEVG : 61 vs 64 % p =0,083
FEVD : 50 vs 42% p =0,036
TAPSE 23 vs 17 mm p = 0,002

VTDVD: 124 vs 108 mL/m2 p=0,034




Risque de mort subite

Cohorte de 968 patients Mayo Clinic

10 ans: 0,8%
50ans: 8,3%
70 ans : 14,6%

Facteurs prédictifs :
TV

HR

: 6,37
Insuffisance cardiaque :
Chirurgie tricuspide :
Syncope :

Sténose pulmonaire :
Hb > 15 d/dL :

5,64
5,94
2,03
3,42
2,05

Ch.H. Attenhofer Jost et al. European Heart Journal (2018) 39, 1970-1977



Indications chirurgicales :
elles restent débattues

 Evident :
— Symptomatique et bonne forme anatomique : chirurgie

— Asymptomatique et mauvaise forme anatomique : abstention

e Plus difficile :

— Asymptomatique et bonne forme anatomique : prévention
des complications ?

— Symptomatique et mauvaise forme anatomique : quelle
chirurgie ?

d’aprés une diapo de Daniel Sidi



Indications chirurgicales

Asymptomatique
— sans dilatation de 1 OD : abstention
—avec dilatation de 1 ’OD : Plastie préventive ?
—avec shunt G-D atrial : Fermeture percutance de la CIA

Trouble du rythme: ablation ou plastie

Symptomatique

— Type A : plastie + fermeture de CIA

— Type B : plastie + fermeture CIA &+ DCPP

— Type C : plastie + DCPP + ouverture STA
ou DCPT

— Type D: BTT ou DCPT

— Mauvais VG : Transplantation

d’aprés une diapo de Daniel Sidi



ESC Guidelines for the management of grown-up
congenital heart disease
European Heart Journal (2010) 31, 2915-2957

Table 14  Indications for intervention in Ebstein’s
anomaly

——

Indications for surpery

o Srpcal reganr thaadd be pertorved n pasen * Paercs werh rebevars arrhythmas should
wirth more than moderate TR and rpmgtoms m*ﬂm‘ enl:’:la-dh
INYHA class *8 or wrhychmin) or Setercoraong whlszion therapy, & feaaible, or
ewarcien capacity wwasared by OMLT m—v:.::.m-ﬁmd

*Hbarels s tn ndaton for ¥ iompts b the (e of doxvmented 1pptere ersbobom
walve surgery, then ASDPFO closere thodld be probebly cauted by parsdonical enbolum,
peiormad negicly 2 dha tms of wihs repat oclated deve onare of ASOPFO shedd be

* Sorged copaw shindd Se conudered regartlen conadersd
of ypevgai 0 patsve) wih poogreisve * ¥ cyanca {coypen smaturasoe a reat <90%)
rghe heart dlacson or reduction of RV syseolc 0 the beadung g cdiem, odied devae Corere
harwcon andlor progresave cardomegpsly on of ASDIVEQ sy be covsidered but regures
hest Xorny cwreld evibianon Sebve wtervennon

(see text)

*Class of recommendation.

"Level of evidence.

ASD = atrial septal defect; CPET = cardiopulmonary exercise testing; NYHA =
New York Heart Association; PFO = patent foramen ovale; RV = right ventricle;
TR = tricuspid regurgitation; VSD = ventricular septal defect.



Grossesse et Ebstein

* Risques de
— Arythmie
— Insuffisance cardiaque
— Embolie paradoxale

e Grossesse a haut risque si :
— Cyanose
— Arythmie
— Insuffisance cardiaque droite

* Risque de cardiopathie congénitale feetale : 4-6%



Ebstein anténatal

* Anatomie :
— Valve tricuspide
— VD fonctionnel
— Voie d’éjection droite
— Autre malformation
e Hémodynamique :
— IT
— Shunt inter-atrial (dimension du FOP)
— Atrésie pulmonaire anatomique ou fonctionnelle ?
— Flux ductal
— Dilatation cardiaque
— Anasarque

e Information
- =1IMG?
— => Organisation de la naissance en milieu cardiopédiatrique
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Figure 1. Algorithm for the inftial management of Ebstein anomaly in neonates.

T.K. Susheel Kumar, Umar S. Boston, and Christopher J. Knott-Craig,

Seminars in Thoracic and Cardiovascular Surgery. 2017, 29 (3):331-337
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Figure 2, Algorithm for the managemant of Ebstein anomaly with
anatomical pulmonary atresia, RV-PA, right ventricie 10

pumonary artery.

T.K. Susheel Kumar, Umar S. Boston, and Christopher J. Knott-Craig,
Seminars in Thoracic and Cardiovascular Surgery. 2017, 29 (3):331-337
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Figure 3. Algorithm for management of Ebstein anomaly with functional puimonary atresia, BDG, bicirectional glen,

T.K. Susheel Kumar, Umar S. Boston, and Christopher J. Knott-Craig,
Seminars in Thoracic and Cardiovascular Surgery. 2017, 29 (3):331-337



