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Current surgical techniques in the management of
the symptomatic neonate with severe Ebstein anomaly:
Too much, too little, or just enough?
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ABSTRACT

The management of severely symptomatic neonates with Ebstein anomaly is chal-
lenging during the early neonatal period. Initial management goals should focus on
mitigating a central shunt; providing respiratory mechanical support; providing an
adequate but not excessive source of pulmonary blood flow; and minimizing pulmo-
nary vascular resistance. For most patients thus stabilized, definitive repair should
be prudently deferred until it is safe for a bailout bidirectional Glenn anastomosis to
be added, usually at age 3 to 4 months. For those who remain critical, initial ligation
of the large ductus and placing a more peripheral aortopulmonary shunt, or ligating
the main pulmonary artery, should be weighed against a primary biventricular repair
(Knott-Craig repair), or the Starnes’ single-ventricle palliation. The Da Silva cone bi-
ventricular repair should generally be avoided during the early neonatal period. An
initial Starnes’ repair can be potentially converted to a biventricular repair in later
infancy. (JTCVS Techniques 2021;9:128-34)
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CENTRAL MESSAGE

Biventricular repair can be
achieved in most symptomatic
neonates with Ebstein anomaly.
Initial palliation followed by
repair at age 3 to 4 months al-
lows more predictable biventric-
ular repair, at which time a
bidirectional Glenn can be added.
See Commentary on page 135.
Feature Editor’s Introduction—Ebstein anomaly is a rare
and heterogeneous complex congenital cardiac
malformation that affects the tricuspid valve and right
ventricle. Clinical presentation varies based on the
severity of tricuspid regurgitation, right ventricle size and
function, and status of right ventricular outflow tract. At
the most extreme end of the spectrum, symptomatic
neonates are most challenging and at highest risk for
hospital mortality. There are wide variations in the
treatment of symptomatic neonates and small infants
among institutions. This is well demonstrated in a recent
review of the Society of Thoracic Surgeons where the
number of neonates treated averaged <40 yearly, and
treatment strategies varied widely while showing
persistently high operative mortality (>25%).

Dr Christopher Knott-Craig has championed tricuspid
valve repair in neonates and small infants with Ebstein
anomaly and accumulated the largest experience. He has
refined his strategy with time and demonstrated that valve
repair can be successfully performed in various anatomic
and clinical scenarios, including infants who have under-
gone prior single-ventricle palliation. Despite his encour-
aging results, neonatal tricuspid valve remains rare and
reproducibility remains questionable. Additionally, many
surgeons continue to believe that neonates who fail
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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
FIGURE 1. Chest radiograph demonstrating severe cardiomegaly in a

newborn infant with Ebstein anomaly.
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
JTCVS Techniques c Volume 9, Number C 129



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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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
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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
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In critically unstable neonates, mitigating the effects of a
circular shunt often very early in life is critically important;
this can be mitigated with sedation, paralysis, inotropic sup-
port, and prostaglandin infusion; mechanical support with
large (10 mL/kg) tidal volumes and positive end-
expiratory pressure are key to promoting adequate ventila-
tion in patients with massive cardiomegaly causing lung
compression. If cardiac output is still significantly compro-
mised, an emergency Starnes’ operation is the best option;
in those in whom bypass needs to be postponed, initial liga-
tion of the main pulmonary artery, or ligation of the ductus
and addition of a more peripheral aortopulmonary shunt
may be lifesaving.11,16,22,23

Surgical Indications
In the contemporary era, many neonates can be safely

optimized without immediate surgical intervention. Those
with persistent cyanosis (saturations<75%), those with se-
vere right heart failure associated with moderate-to-severe
tricuspid regurgitation will require early intervention; the
neonates are usually ventilator-dependent with gross cardi-
omegaly and can be predicted to need early intervention by
the GOSE score.3 A GOSE score>1.4 will usually need
very early intervention3,5,7 (Table 1). Those with a GOSE
score>1.0 and who are acyanotic should undergo repair
before age 6 months.

Surgical Procedures
Over the past 30 years there has certainly been an evolu-

tion of surgical procedures for EA in neonates.4,5,7,9,11,12

The first series of survivors using a single-ventricle pallia-
tion strategy was that published by Starnes in 1991,16 which
included the first neonatal palliation from 1987. The tech-
nique was later refined to include division of the main pul-
monary artery and inclusion of a fenestrated patch closure
of the TV17,18 (Figure 3, A and B) with an aortopulmonary
shunt as source of pulmonary blood flow, and the early sur-
vival was around 81%. This is best indicated for those with
severe tricuspid regurgitation associated with pulmonary
FIGURE 3. A and B, Starnes’ single ventricle palliation. B-T
atresia, or those with clearly inadequate right ventricle or
anterior leaflet of the TV; a marker for these circumstances
includes a tricuspid regurgitation peak velocity flow
<2.0 m/s (These patients subsequently will require further
single-ventricle palliation with a bidirectional Glenn and
Fontan procedures at around age 6 months and 3 years,
respectively.) In 2014, Sano and colleagues24 added ventric-
ular exclusion to the Starnes’ palliation (with good results).
In our opinion, this should be avoided in neonates.
In 1994, Knott-Craig and colleagues15 performed the first

3 successful biventricular repairs in neonates with EA. This
series included a young infant in whom the Starnes’ pallia-
tion was taken down and the patient was converted to a bi-
ventricular repair; she remains well more than 22 years
later. The hospital survival was again around 80%. This se-
ries was later updated to include 48 neonates and young in-
fants, among whom 32 required surgery during the neonatal
period with 16-year follow-up.7,8 The Knott-Craig repair
was modeled after the technique advocated by Danielson
and colleagues21 at the Mayo Clinic. It is best performed
in those with antegrade pulmonary blood flow or functional
pulmonary atresia with an adequate anterior leaflet and right
ventricle. The repair consists of creating a competent mono-
cusp TV based on the anterior leaflet, a fenestrated atrial
septal defect closure, reduction atrioplasty, and repair of
all associated cardiac lesions7,8,14,15 (Figure 4, A and B).
It is essential that the leading edge of the anterior leaflet
is not severely tethered to the free wall of the right ventricle.
Although one can fenestrate the leading edge, this patient
may be best suited for a Starnes’ palliation during the
neonatal period. If the anterior leaflet tissue is inadequate
for successful coaptation with the septal annulus, a Seben-
ing stitch25 can be added (Figure 2). Associated anatomic
pulmonary atresia is seen in approximately 60% of
neonates with EA that we have treated.7,8 Based on our
experience we now mostly choose to place a small right
ventricle–pulmonary artery valved conduit.7,8,14

With the advent of the Da Silva cone repair for EA in
children and adults,26 and the wide adoption of the cone
shunt, Blalock-Taussig shunt. Reprinted from reference 9.
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FIGURE 4. A and B, Knott-Craig monocusp repair based on the anterior leaflet. A double orifice tricuspid valve is created by passing a suture through the

annulus at the anteroposterior commissure and then through the septal annulus adjacent to the coronary sinus. The posterior annulus and right ventricle (RV)

is then plicated. Reprinted with permission from reference 15.
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repair for most older patients with EA,27,28 pediatric cardiac
surgeons started exploring the possibility of using the cone
repair in neonates mostly with only anecdotal suc-
cess.11,12,29-31 In this operation, the leaflets of the TV are
FIGURE 5. Da Silva cone operation. TTA, True tricuspid annulus; CS, coronary

26.
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taken down from the annulus, further delaminated and
sutured together to form a cone, and then reattached to
the true annulus creating a trileaflet valve (Figure 5).
Although attractive, this operation is best avoided in
sinus; ASD, atrial septal defect. Reprinted with permission from reference
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MPA, main pulomonary artery.
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critically ill neonates (ie, it should only be attempted by
those very experienced with the cone operation) Most
recently, Da Silva and colleagues12 reported initially doing
a Starnes’ palliation followed by a conversion to a biventric-
ular cone repair at neonate age around 4 to 6 months, similar
to what we published 20 years earlier.14,15 Our personal bias
is that if there is sufficient TV tissue to do a cone operation
in a neonate, then that patient could most likely be managed
medically and the surgery deferred until later.

Clearly, opinions differ strongly about the best strategy
for the management of symptomatic neonates.22,23,32,33

with the consensus being that doing less early on is better,
and that a biventricular repair is associated with better
long-term outcomes and can ultimately be achieved in
most patients. And if definitive surgery can be deferred
for 3 to 5 months when a bidirectional Glenn can be safely
added to the repair, then surgery should carry a very accept-
able risk of 5% to 10%.7,15 In a recent analysis of current
surgical practices in the management of EA in neonates in
the United States, 34% underwent TV repair, 27% under-
went isolated aortopulmonary shunt, and 20% underwent
Starnes’ palliation.4,5

Finally, the less-is-better-than-more approach is most
appropriate for those patients with less-than-severe
tricuspid regurgitation and predominantly cyanosis who
are otherwise stable. In these patients, simply (ligating the
ductus and) placing a modified Blalock-Taussig shunt
makes perfect sense.5,18,22,23,33 During that operation, the
right atrium can be plicated without the need for cardiopul-
monary bypass. Definitive repair can then be deferred for 3
to 5 months, at which time biventricular repair is more pre-
dictable and associated with lower risk, predominantly
because a bidirectional Glenn can be safely added. In the
future, there is a possibility that this operation can be re-
placed with a ductal stent that includes a flow restrictor in-
side.34 For those neonates critically unstable with a circular
shunt, immediate Starnes’ palliation or (emergency) liga-
tion of the main pulmonary artery, or ligating the ductus
and placing a more peripheral aortopulmonary shunt, may
be lifesaving.35 Definitive palliation can be deferred for 7
to 10 days once the patient has stabilized. Our suggested
algorithmic approach to symptomatic neonates is summa-
rized in Table 1 and Figure 6.
The surgical strategy for symptomatic neonates with

EA remains challenging and continues to evolve.
Utilizing our algorithm, a biventricular repair can be
achieved in most patients, either initially or as a staged
operation.
JTCVS Techniques c Volume 9, Number C 133
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