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Ebstein’s Anomaly

First described in 1866

19 year old male

Cyanosis, dyspnea, palpitations

Autopsy: abnormal tricuspid valve, 
atrialized RV, dilated RA, PFO



Ebstein’s Anomaly
• Rare - < 1% of patients born with congenital heart disease
– 1/200,000 live births
– Individual center experience limited, especially for neonates and infants

• Anatomical defect involves both the tricuspid valve and the right ventricle
– Tricuspid valve
• Failed delamination of TV leaflets with apically displaced septal and inferior leaflets
• Redundant anterior leaflet
• Dilated true right atrioventricular annulus
• Tricuspid regurgitation – restricted TV leaflet tissue

– Right ventricle
• Two chambers – atrialized RV (between displaced TV and true annulus) and functional RV (distal to TV)
• RV myopathy



Ebstein’s Anomaly

Associated defects affect timing and severity of symptoms
–ASD (80-90%)
–Accessory AV conduction pathways (15%)
–Pulmonary atresia or stenosis
–ccTGA
–VSD
–MV anomalies
–LV fibrosis



Ebstein’s Anomaly
Diversity in anatomy and associated defects
–Results in variability in severity and presentation
• From a life-threatening condition in the neonate
• To few to no symptoms into adulthood
• And in between

–Presentation – essentially two forms
• Neonate
• Older children and adults

– Surgery and outcomes differ
• Neonate
• Older children and adults



GOSE Score

Grade 1   <0.5
Grade 2 0.5 – 0.99
Grade 3 1.1-1.4
Grade 4 > 1.5

JACC 19:1041-6, 1992



Kumar, Boston, Knott-Craig
SeminThoracCardiovascSurg 2017

Ebstein’s Diagnosed at Birth



Neonatal Ebstein’s Anomaly
• Presentation
– High rate of fetal demise
– Critical illness apparent soon after birth
– Enormous heart
– Cyanotic requiring intubation/ventilation

• Early Management
– PGE1 begun
– Doppler/echo - ?RVOTO?
– Assess TV anatomy/regurgitation  
     RV size/function  LV size/function
     GOSE Score



Neonatal Ebstein’s Anomaly

Echo evaluation of RVOT
–If RVOTO is anatomic
•BT shunt or RV-PA reconstruction will be required

–If RVOTO functional 
• Try weaning PGE1 as PVR falls (consider nitric oxide to help)
–Best outcome – successful wean without CHF
–Unsuccessful wean due to cyanosis alone – BT shunt required
–Unsuccessful wean due to cyanosis and CHF – Tricuspid Valve will need to be addressed



Neonatal Ebstein’s Anomaly
Addressing the tricuspid valve

–Close tricuspid valve, open atrial septum, BT shunt – Starnes procedure
• Converts to single ventricle physiology, subsequent single ventricle pathway to Fontan 

–Repair tricuspid valve
• Not advisable in gravely ill neonate with poor RV function
• Biventricular repair requires
–Creation of competent TV based on anterior leaflet
–Reduction of atrial volume
–ASD closure leaving small fenestration
–Repair all associated defects, including pulmonary atresia



Tricuspid Valve Closure



Tricuspid Valve Repair
(Two Ventricle Repair)



Knott-Craig et al. AnnThorSurg 2007

Neonatal Ebstein’s – Algorithmic Approach



Surgical Outcomes for Symptomatic Neonates with Ebstein’s

AnnThorSurg 106:785-91, 2018



STS Database Neonatal Surgery for Ebstein’s

STS Database Neonatal Surgery for Ebstein’s
2010 – 2016

255 neonates/95 centers
Median age at operation – 7 days

• Tricuspid valve repair (n = 101) - 40%   Mortality  34%    Major Morbid/mortality 61%

• Aortopulmonary shunt (n = 52) - 20%   Mortality  17%   Major Morbid/mortality 42%

• Starnes procedure  (n = 24) -          9%   Mortality  25%    Major Morbid/mortality 54%



Neonate with Ebstein’s
• Symptomatic Ebstein’s is high risk in the neonate
• Complex treatment algorithm leads to variety of 

operative procedures
•Mortality with all surgical approaches high - 17% -34%
• Ebstein’s in a neonate should be recognized as much 

greater threat to the patient than Ebstein’s in the older 
child or young adult



Child/Adult with Ebstein’s
• Survived the newborn period with no to minimal symptoms
• Symptoms
– Dyspnea, Fatigue, Palpitations, Cyanosis

• Diagnosis
– Echocardiography, ECG, Holter monitor, CXR, exercise stress test
– Cardiac MRI
– EP study
– Cardiac catheterization

• Consider surgery when
– Quality of life affected
– Heart enlarging
– Heart function decreasing 



Surgery for Child/Adult with Ebstein’s
• Address tricuspid valve regurgitation
–Repair
–Replace

• Close atrial septal defect
• Selective cavopulmonary anastomosis
•Maze procedure if indicated for EP situation



Carpentier’s Classification of Ebstein’s Anomaly



Surgery for Child/Adult with Ebstein’s
• History of surgical approach to Ebstein’s
–Replace with prosthesis (bioprosthetic preferred)
–Repair by creating monocusp
•Lillehei/Hardy (1960s)
•Carpentier (JTCVS 1988)
•Danielson (JTCVS 1992)

–Repair with “Cone” technique
•  da Silva (ArqBrasCardiol 2004)



Tricuspid valve replacement for Ebstein’s



Ebstein’s Repair – Carpentier technique



Ebstein’s Repair – Danielson technique



Arq Bras Cardiol, volume 82 (nº 3), 212-6, 2004

Ebstein’s Repair – The Cone Procedure
da Silva technique



Ebstein’s Repair – The Cone Procedure
da Silva technique



Ebstein’s Repair – The Cone Procedure
da Silva technique



Ebstein’s Repair – The Cone Procedure
da Silva technique



Ebstein’s Repair – The Cone Procedure
da Silva technique



Ebstein’s Repair – The Cone Procedure
da Silva technique



Ebstein’s Repair – The Cone Procedure
da Silva technique

Significant and sustained reduction
 in tricuspid regurgitation

Da Silva, In Operative Cardiac Surgery, Spray & Acker 2018





Ebstein’s Anomaly
Surgical Repair and Outcomes

• A rare and challenging congenital heart defect

• When surgery is required in the neonate, a variety of surgical procedures 
must be considered and the risk of death or complications is high

• For patients that present as children or adults, surgical outcomes have 
become excellent when performed by surgeons experienced with this 
rare anomaly and the “Cone” technique.
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