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Ebstein’s Anomaly (EA)
• Wihelm Ebstein 1866
• Incidence 0.5% of all CHD
• Overall Mortality related to 

presenting age 
• Severe Neonatal Forms 20-80%
• All age groups 35-45%

• Most common related lesion
• ASD, PFO
• Bicuspid Ao valve
• Pulmonary atresia

• Equal sex incidence



Ebstein’s Anomaly
• Congenital anomaly of the tricuspid valve and 

right ventricle due to incomplete delamination 
of tricuspid valve leaflets

• Apical displacement of tricuspid valve, leads 
to decreased size of functional right ventricle 

• Right ventricular outflow and degree of 
pulmonary blood flow is variable and 
unpredictable



Clinical presentation
• Neonatal Period
• Severe Cyanosis
• Congestive Heart Failure
• Metabolic Acidosis

• Adulthood
• Arrythmias
• Heart Failure
• Fatigue
• Cyanosis



Pathophysiology 

• Presentations and symptoms 
related to:
• Tricuspid regurgitation
• RVOT obstruction
• Cyanosis
• Pulmonary hypertension
• Circular shunt
• RV failure
• Congestive heart Failure

conservative medical treatment have severe anatomic and
functional limitations of the right ventricle that would limit
their ability to generate flow and therefore should undergo
initial single-ventricle palliation.

Drs Knott-Craig and Boston provide an excellent review
of their current management strategy of neonates and small
infants with Ebstein anomaly and describe their manage-
ment algorithm that determines timing and type of interven-
tion based on anatomy and hemodynamic situation. They
describe cases that they believe are amenable to conserva-
tive management, and those where modified Blalock-
Taussig shunt or initial single ventricle approach with the
Starnes procedure are more appropriate.

I enjoyed learning from these doctors’ experience in this
challenging and rare patient population and I believe that
readers will find this review inspiring and very educational.

Bahaaldin Alsoufi, MD

Ebstein anomaly (EA), a rare congenital heart defect, re-
sults from failure of delamination of the tricuspid valve
(TV) from its respective endocardium.1 EA in symptomatic
neonates is associated with a mortality ranging from 25% to
100%.2-6 As such, these neonates pose significant medical
and surgical challenges.

Symptomatology in the neonatal period can be attributed
to several issues:

! Severe tricuspid regurgitation associated with right ven-
tricular dysfunction or hypoplasia may lead to severe
cyanosis and low cardiac output;

! Anatomical pulmonary atresia or pulmonary stenosis,
which is present in 50% of symptomatic neonates under-
going surgical intervention,7-9 or, similarly, functional
pulmonary atresia can also be present when the
pulmonary vascular resistance is high, and the right
ventricle is dysfunctional and cannot generate
antegrade flow across the pulmonary valve7-11; and
finally and most catastrophically,

! A circular shunt may exist when there is severe pulmo-
nary and tricuspid regurgitation present associated with
a large patent ductus arteriosus.12,13

ANATOMY OF EA
The anatomy of EA in a symptomatic neonate is different

from that of older patients who have survived into child-
hood or adulthood: Embryological failure of delamination
leaves the TV leaflets tethered to the endocardium by fibro-
muscular attachments or foreshortened chordae. Leaflets
are apically displaced with the septal leaflet most severely
influenced followed by posterior then anterior leaflets.
The anterior leaflet is often diminutive or scalloped in
symptomatic neonates, and the leading edge may be
partially or completely attached to the free wall of the right
ventricle. In this situation, blood flows from the right atrium

predominantly through the anteroseptal commissure into
the diminutive functional infundibular chamber of the right
ventricle. The slit-like opening of the TV is therefore at the
10 o’clock position as viewed by the surgeon.14,15 In this
extreme form of EA (a biventricular repair is doomed to
failure), the Starnes single-ventricle palliation16-18 may be
the best option. In the less-severe spectrum of severe
neonatal EA, as the anterior leaflet gets larger and more
associated with partial or full delamination of the inferior
leaflet, biventricular repair becomes more possible.4,5,7,14

Commonly associated cardiac defects that are apparent in
neonates include pulmonary stenosis or pulmonary
atresia,7,14,15,18 both anatomic and functional, and ventricu-
lar septal defect—in the latter the ventricular septal defect is
covered by the septal leaflet of the TV, and the left ventricle
ejects directly into the infundibular chamber and pulmonary
valve through the anteroseptal commissure, maintaining the
cardiac output and allowing surgery to be deferred for a few
months.

PATHOPHYSIOLOGY
Neonates are symptomatic because of ineffective right

ventricle cardiac output. This results from a combination
of factors, including poor myocardial contractility, right
ventricular dysfunction or hypoplasia, severe TV regurgita-
tion, and impedance of antegrade pulmonary blood flow
across the pulmonary valve either due to high pulmonary
vascular resistance or due to the ductal blood flow being
directed at the pulmonary valve with associated pulmonary
regurgitation. Gross cardiomegaly is usually present, lead-
ing to compression of the lungs (Figure 1) and right or

FIGURE 1. Chest radiograph demonstrating severe cardiomegaly in a

newborn infant with Ebstein anomaly.
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EA: Classification
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of the TV leaflets thus causing non-coaptation 
leading to regurgitation;

(II) Size of the anterior leaflet of the TV;
(III) Size of the FRV;
(IV) RVOT obstruction by abnormal chordal attachments 

of the anterior leaflet;
(V) Status of the pulmonary valve.
A symptomatic neonate is more likely to have poorly coapting 

TV leaflets from severe displacement and poor delamination 
with a small FRV and a restrictive anterior leaflet causing 
RVOT. There may be functional or anatomical pulmonary valve 
atresia which further worsens the clinical condition.

Presentation

Presentation varies with age. EA may be picked up as early 
as during a fetal scan. Such a fetus may survive or may perish 
due to the development of severe hydrops. A symptomatic 
neonate is generally cyanotic. Infants are more likely to 
develop heart failure, whereas, in older children and adults, 
the presentation may vary from an incidentally detected heart 
murmur to arrhythmias and exercise intolerance (3). Much 
of the mortality correlates to an early presentation such as 
a fetal presentation and echocardiographic severity. Later 
morbidity is due to gradual hemodynamic deterioration and 
development of arrythmias (3).

Work-up 

A chest  radiograph wil l  show varying degrees of 

cardiomegaly. Cardiomegaly can be particularly massive 
in a neonate (wall to wall heart or a Box-shaped heart). 
A cardiothoracic ratio greater than 0.65 is prognostic for 
poor outcomes in a symptomatic neonate (3). Much of 
the cardiomegaly is from the dilated RA and the ARV. 
Resolution of the cardiomegaly after surgical repair can be 
prognostic and is a useful follow-up tool (8). 

EA is primarily diagnosed by echocardiography. 
Displacement of the septal leaflet of the TV ≥8 mm/m2 
from the crux of the heart and presence of an elongated and 
redundant anterior leaflet of the TV increases the chance 
of a diagnosis of EA. Otherwise, other conditions such as 
TV dysplasia should be considered (9). It is also helpful 
in grading the severity of the EA and has been used for 
prognostication in the neonatal period using the Celermajer 
Index (10). To obtain the score, the combined area of the 
right atrium and ARV is divided by the area of the FRV and 
the left heart chambers obtained from a four-chamber view 
at end-diastole (Figure 2). Four grades of increasing severity 
are obtained: grade 1, ratio <0.5; grade 2, 0.5 to 0.99; grade 
3, 1 to 1.49; and grade 4 ≥1.5 with associated early untreated 
mortality of 0%, 10%, 44%, and 50% respectively in the 
neonatal period.

Cardiac MRI helps in better visualization of the 
posterior leaflet of the TV and for better quantitative 
assessment of the right ventricular size and function as 
compared to echocardiography. Thus, cardiac MRI is a 
complementary imaging modality to echocardiography 
and when combined with echocardiography may help in 
better risk stratification (11).

Preoperative electrophysiological evaluation should 
be considered especially in patients with preexcitation, 
documented arrhythmias or suspected arrhythmias (12). It has 
both a high diagnostic and therapeutic yield. Therapeutic 
electrophysiological interventions can be performed both 
preoperatively and intraoperatively (13). The burden of 
arrhythmias increases with increasing age. SVT is the most 
common arrhythmia in the younger age group (14). Atrial 
fibrillation or flutter is more common in older patients.

Management

Neonates and infants

Pathophysiology
Severely symptomatic neonates have severe right heart 
failure or are profoundly cyanotic. Neonates with severe 
morphological forms of EA (Carpentier type C and D) 

Figure 2 Celermajer index. RA, right atrial; aRV, atrialized right 

ventricle; RV, right ventricle; LA, left atrium; LV, left ventricle.

Grade 1: <0.5
Grade 2: 0.5–1.0
Grade 3: 1.1–1.4
Grade 4: >1.5

(RA + aRV)

RV + LV + LA

Area of

Area of

left ventricular dysfunction.19,20 Cyanosis is usually pre-
sent. As the pulmonary vascular resistance drops over the
first weeks of life, the right ventricle may then be able to
overcome the afterload to establish antegrade flow. True
anatomical pulmonary atresia is seen in about 50% of
symptomatic neonates with EA.5,7,9

Pulmonary regurgitation represents the end-stage of right
ventricular failure. A circular shunt is created with left-to-
right flow from aorta to pulmonary artery across the patent
ductus arteriosus to the pulmonary artery. Flow reversal
across the pulmonary valve into the right ventricle then oc-
curs. This blood is then ejected into the right atrium due to
tricuspid insufficiency and across the atrial septal defect to
the left side of the heart and the aorta, to complete the cir-
cular shunt. Pancaking of the left ventricle cavity impedes
filling and diminishes systemic cardiac output.16,19,20

Cardiogenic shock results.
In less-severe forms of EA, the right ventricle can

generate effective antegrade flow, especially when the pul-
monary vascular resistance decreases. Despite this, neo-
nates with severe tricuspid regurgitation or gross
cardiomegaly who are otherwise asymptomatic have an
associated mortality of 45% within the first year of life
without intervention.3,14,15 The natural history of being
diagnosed with EA during the perinatal period is associated
with a high mortality during infancy.2,3,7,10 Those who sur-
vive early childhood can expect reasonable longevity.

ECHOCARDIOGRAPHY
Echocardiography is the most important diagnostic test to

confirm EA. From a surgical perspective, there are 2
echocardiographic views that we utilize to assess the
feasibility of a biventricular repair; these are the apical
4-chamber and the parasternal short axis. The apical
4-chamber view allows assessment of leaflet anatomy and
right ventricular function. From this view, EA is defined as
apical displacement of the septal leaflet !8 mm/m2.13,21

The parasternal short-axis view allows assessment of the
right ventricular outflow tract. The regurgitant flow velocity
across the tricuspid valve can give valuable additional infor-
mation regarding the functional suitability of the right
ventricle.11 The Great Ormond Street Echocardiogram
(GOSE) score is a mortality risk stratification score for neo-
nates with EA. It is calculated from the apical 4-chamber
view by dividing the sum of the right atrium and atrialized
right ventricular volumes by the sum of the functional right
ventricular, left atrial, and left ventricular volumes
(Figure 2). A GOSE score >1.4 (grade IV) is associated
with a hospital mortality approximating 100%3 (Table 1).

TREATMENT
Medical

Hospital mortality for medically treated somewhat-less-
symptomatic neonates with EA approximates 25%.2-5,7

Furthermore, it has been shown that surgical mortality for
EA during the neonatal period ranges from 27% to 53% de-
pending on the procedure performed.4-6 Surgical mortality
significantly improves to <10% if the patient can be
medically managed for a few months.7,14,22

Relatively stable patients can initially be treated with me-
chanical ventilation or supplemental oxygen, and prosta-
glandin infusion. The first test of adequacy of antegrade
pulmonary blood flow comes upon spontaneous or iatro-
genic ductal closure. The second test is whether the neonate
can be safely weaned from the ventilator, and the third and
final test is whether the neonate can tolerate full enteral
feeds; quite often a neonate will survive the first 2 tests
but die from aspiration or feeding intolerance when enteral
feeds are introduced—surrogates for severe right heart fail-
ure. Generally, if a neonate gets to this point, he will be a
good candidate for biventricular repair.

Patients with anatomical pulmonary atresia, particularly
those with moderate or less tricuspid regurgitation, will
require at a reliable source of pulmonary blood flow in
the form of a surgically placed systemic-pulmonary shunt
during the neonatal period.17,22,23

FIGURE 2. Sebening suture is demonstrated. A suture is passed from the

dominant papillary muscle attached to the anterior leaflet and fixed to a

point on the ventricular septum directly opposite to move the anterior

leaflet to the septum, allowing for coaptation with the septum and/or pos-

terior leaflet. Reprinted with permission from reference 15.

TABLE 1. Mortality prediction based on Great Ormond Street

Echocardiography (GOSE) score*

GOSE score

GOSE score Ratio Mortality

I <0.5 8%

II 0.5-1.0 8%

III (acyanotic) 1.1-1.4 10% early, 45% late

III (cyanotic) 1.1-1.4 100%

IV >1.5 100%

*From: Celermajer DS, Bull C, Till JA, Cullen S, Vassillikos VP, Sullivan ID, et al.
Ebstein’s anomaly: presentation and outcome from fetus to adult. J Am Coll Cardiol.
1994:22:170-6.
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• Cyanosis
• Increased Rt-Lt 

Shunt

• RV Ischemia
• IVS Shifting
• Arrythmias
• LV Dysfunction

• Decreased 
Contractility

• RA Dilatation

• Volume 
Overload

Tricuspid 
Valve

Regurgitation

RV Systolic

Impairment

Decreased 
RV Stroke 
Volume

RV Dilatation

Decreased Cardiac Output Multiorgan Failure

DEATH



Neonatal Management

• Goals of management
• Decrease RV afterload
• Decrease degree of regurgitation
• Correct metabolic acidosis and avoid arrythmias 
• Avoid further atrial RV dilatation
• Avoid Recirculation syndrome



Medical Management

Decrease RV afterload
• Intubation and sedation
• Nitric oxide
• Optimal tidal volume with low 

PEEP
• Prostaglandins

1

Decrease degree of 
regurgitation
• Milrinone
• Euvolemia

2

Correct metabolic 
acidosis and avoid 
arrythmias
• Lactate levels
• Urine output
• Diuretics 

3



Medical 
Management

Avoid Recirculation 
Syndrome



Failure

Failure defined as:

Unable to wean 
inotropes

Persistent 
cyanosis

Decompensated 
CHF with organ 

dysfunction

Metabolic 
acidosis Low TR Jet PR

Failure in Medical Management may need Surgical 
Alternatives



Surgical 
management

Neonatal surgical 
management 

associated with 
HIGH mortality

• RV exclusion
• Atrial Septostomy, TV closure, AP 

shunt creation

Starnes Procedure 
(1991,2008)

• Mobilization of Anterior leaflet to 
achieve functional TV and biventricular 
repair

Knott-Craig 
monocusp technique 

(1994)

• TV repair based on delamination of the 
three leaflets based on the anatomy

Carpentier Procedure 
(1988)

• Cone Modification of Carpentier 
procedure (2007,2020) in neonatesDa Silva Procedure
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have a small FRV with severe TR, restricted motion of 
the anterior leaflet and varying degrees of RVOT. With 
the physiological elevation in the PVR after birth, the 
FRV is not able to provide for antegrade pulmonary 
blood flow, especially when the ductus is open leading to 
a “Functional pulmonary valve atresia”. This condition 
may be compounded if true “Anatomic pulmonary valve 
atresia exists”. Another serious condition is when there is 
pulmonary valve insufficiency with a poorly functioning 
FRV and severe TR with an ASD and a patent ductus. 
This is a set-up for a “Circular shunt” with retrograde 
flow down the RV into the LV via the ASD. It creates a 
hemodynamically unstable condition with severe hypoxia 
and diminished systemic cardiac output. Such a presentation 
may occur spontaneously or occur after the pulmonary 
valve is opened by an intervention. The gross cardiomegaly 
may also cause lung hypoplasia by a mass effect. The dilated 
RV may pancake the LV. The presence of a VSD may 
further exacerbate an already tenuous condition by creating 
an LV to RA shunt (15) With the less severe forms of EA 
(Carpentier type A and B), as the PVR falls or when helped 
by pulmonary vasodilators such as iNO, the FRV is able 
to generate an effective output to provide for an antegrade 
pulmonary blood flow with clinical improvement. Such 

neonates may be able to get out of the neonatal period 
without any surgical intervention. However, such neonates 
should be carefully followed into infancy as the TR may 
worsen over time leading to worsening cardiomegaly from 
RA dilation and thinning out of the ARV. 

Medical management
Relatively stable neonates  may be observed with 
supplemental oxygen and prostaglandin infusions. Unstable 
neonates are managed with intubation, mechanical 
ventilation, prostaglandin infusion, iNo, and inotropic 
support. The goal of medical management is to help 
with the antegrade pulmonary flow by supporting the 
FRV. This generally improves as the PVR gradually falls. 
Serial echocardiograms are useful to asses for antegrade 
pulmonary blood flow. Prostaglandin is important to 
maintain ductal patency, particularly in neonates with 
pulmonary atresia. On the contrary, a trial of prostaglandin 
withdrawal may be needed in functional pulmonary atresia. 
Similarly, in a circular shunt, early withdrawal may be 
necessary. In one study, early withdrawal of prostaglandins 
lead to a mortality benefit once anatomic obstruction was 
ruled out (16). Some neonates may need ECMO support 
for stabilization before the surgical intervention (17).  

Figure 3 Management algorithm for neonatal EA. EA, Ebstein’s anomaly; PVR, pulmonary vascular resistance; PBF, pulmonary blood flow.

Neonatal EA

Hemodynamically stable Hemodynamically unstable

Medical management

Anatomic pulmonary atresia Circular shunt

Ligate main pulmonary artery

Surgery Surgery

Medical management till PVR drops

Continued observation

Functional pulmonary atresia

Stop prostaglandin

Antegrade PBF as PVR ↓

Yes-continued observation No-surgery
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Conclusions

Prenatal diagnosis of EA 
difficult

• Neonatal Presentation usually 
sicker patients

Neonatal presentation 
with profound 

cyanosis and heart 
failure is associated 

with increased 
mortality

Neonatal medical 
management directed 

to decrease PVR, 
decrease RV 

afterload, improve 
cardiac output and 

optimize oxygenation

Surgical correction 
considered when 

medical management 
fails, better outcome 

in older patients

A multidisciplinary 
approach that 

transcends individual 
institutions’ walls will be 

necessary to lead to 
improved outcomes 
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