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Abstract

Ebstein’s anomaly (EA), a rare congenital heart disease, results from the failure of delami-
nation of tricuspid valve (TV) leaflets from the endocardium of the right ventricle (RV)
and apical displacement, particularly of the septal and posterior leaflets of TV. The most
commonly accompanying cardiac malformation is atrial septal defect. Most EA cases are
sporadic; familial ones are rare. EA patients may present at any age. Symptoms result from
TV regurgitation, RV dysfunction, inadequate left ventricular filling owing to ventricular
septal bowing, inadequate pulmonary flow, and arrhythmias. Atrial tachyarrhythmias
are the most common late complications. There have been more techniques of tricuspid
repair reported in the literature than any other congenital or acquired cardiac lesion.
Neonatal operation has a higher risk of mortality than the operations performed beyond
infancy. Late survival rate and the quality of life for hospital survivors are excellent.
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1. Introduction

EA is a congenital malformation involving the tricuspid valve (TV) and right ventricle (RV).
This myopathy is associated with the failure of TV delamination and highly variable tricuspid
valve morphology that usually results in severe regurgitation and atrialized right ventricular
dilatation. This anomaly has an extremely variable natural history depending on the degree
of abnormality of the right ventricle and the tricuspid valvar apparatus. If the deformity of
the TV is severe, it may result in profound congestive heart failure in the neonatal period or
even in intrauterine death. At the other end of the spectrum, patients with mild degrees of
displacement and dysfunction may remain asymptomatic until late adult life or may remain
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symptomless throughout life. There is a genetic heterogeneity; most of the cases are sporadic,
familial ones are rare. Asymptomatic patients with EA can be conservatively treated and kept
under close follow-up, whereas surgical operation is indicated for those with the evidence of
right heart dilation and progressively impaired ventricular systolic function. A biventricular
repair is suitable for most of the patients. While 1.5-ventricular repair (bidirectional Glenn
shunt) is indicated for the patients with poor right ventricular function, heart transplantation
is suggested for the patients with severe left ventricular dysfunction.

2. History

This anomaly was first described by Wilhelm Ebstein, a German physician, in a report titled
“Concerning a very rare case of insufficiency of the tricuspid valve caused by a congenital
malformation” [1, 2]. Ebstein’s own description of the malformation in 1866, with illustrations
by Dr. Weiss, was based upon the anatomical findings related to the heart of Joseph Prescher,
a 19-year-old cyanotic laborer with dyspnea, palpitations, jugular venous distension, and
cardiomegaly [1, 2]. Ebstein described an enlarged and fenestrated anterior leaflet of the tri-
cuspid valve in the findings of the autopsy. The posterior and septal leaflets were hypoplastic,
thickened, and adherent to the right ventricle. There was also a thinned and dilated atrialized
portion of the right ventricle, an enlarged right atrium, and a patent foramen ovale [3, 4]. The
first case described in the English literature was not published until 1900 years [5-7]. In the
1950s, successful surgical palliation was achieved.

3. Prevalence

EA occurs in about 1/200.000 live births. It accounts for no more than 0.3-0.5% of congenital
heart disease [8, 9]. The male—female incidence is equal [9].

4. Anatomy of tricuspid valve

Normally, the TV has three valvar leaflets referred to as the anterosuperior, the septal and the
mural leaflets. However, in EA, the anterosuperior is the largest, redundant anterior leaflet,
which contains fenestrations. It stretches from the infundibulum anteriorly to the inferolateral
wall posteriorly, whereas the septal leaflet, the smallest, arises medially from the annulus above
the interventricular septum. Mural or posterior leaflet attaches along the posterior margin of
the tricuspid annulus from the septum to the inferolateral wall [10]. The leaflets of TV develop
equally from the endocardial cushion tissues and the myocardium [10]. EA is a myopathy of
the RV with abnormalities in both myocardial structure and function, besides the characteristic
valvar deformities [9, 11]. Embryonic failure of delamination of the septal, inferior and anterior
leaflets of the TV results in the apical displacement of the tricuspid leaflets to the underlying
RV myocardium. Such failure in delamination creates the characteristic downward (apical)
displacement of the functional orifice and dilation of the atrialized right ventricle (aRV), with



Ebstein’s Anomaly
http://dx.doi.org/10.5772/intechopen.78067

various degrees of hypertrophy and thinning of the wall. This malformation is characterized by
the displacement of the points of attachment, or the hinges, of the septal and mural leaflets into
the right ventricle, away from the atrioventricular junction. As the anterosuperior leaflet has a
different developmental origin, its junctional hinge usually retains a normal position [8, 13, 14].

The failure in delamination also results in various degrees of displacement of TV leaflets, and
the movement of the tricuspid hinge points both anteriorly and toward the right ventricular
apex. The adherent portions of the valvar leaflets usually have little or no motion. This gener-
ally leads to tricuspid regurgitation or rarely to stenosis. [10-13]. Chordae tendinea of anterior
leaflets are generally short, tethered, poorly formed and severely deformed. Therefore, the
only mobile leaflet tissue is displaced into the right ventricular outflow tract (RVOT), where
it may cause obstruction or forms a large sail-like intracavitary curtain. The septal and mural
leaflets are usually rudimentary, dysplastic or may be absent due to failure of delamination.
These leaflets may be freely mobile or adhered (tethered) to the endocardium [9, 13].

The maximal displacement is at the commissure level between the mural and septal leaflets of
the TV [14]. Apical displacement of the septal leaflet by at least 8 mm/m? of body surface area
is considered as a diagnostic feature of EA in the echocardiographic evaluation [12]. The spec-
trum of the malformation in EA may range from a minimal displacement of the septal and
mural leaflets to an imperforate membrane or muscular shelf between the inlet and trabecular
zones of the right ventricle. There is often a marked dilatation of the true TV annulus, and the
aRV separating this true annulus from the functional right ventricle (fRV) [6, 12].

4.1. Atrium and atrioventricular sulcus

The right atrium is usually very dilated, and the right atrioventricular junction, or true annu-
lus of the TV, is enlarged circumferentially. The valve of the inferior vena cava (eustachian
valve) is often very prominent.

4.2. Coronary arteries

In the usual form of Ebstein’s anomaly, the coronary arteries are normal except the right coro-
nary artery (RCA). It may be displaced superiorly and posteriorly because of an aneurysmatic
dilatation of aRV. Therefore, the surgeon should carefully follow the course of the RCA dur-
ing the operation. It demarcates the level of the true annulus and may become kinked during
plication annuloplasty procedures or TV replacement [12].

4.3. Right ventricle

Because of the displaced TV, the RV is divided into two regions in Ebstein’s anomaly: the
inlet portion [atrialized right ventricle (aRV)] and the trabecular or outlet portion [functional
ventricle (fRV)]. The inlet portion, directly involved with the malformation, is functionally
integrated with the right atrium, whereas the outlet portion constitutes the functional RV. The
aRV usually has a thinner wall than the fRV and may account for more than half of the RV
volume in extreme cases, instead of its usual location in one-third of the RV [8, 9]. There is
often a marked dilatation of the true TV annulus and a large chamber separating this annulus
from the functional RV. Two-thirds of EA cases possess dilated RV, which commonly involve
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the functional RV apex and outflow tract. In some cases, RV dilatation is so significant that the
ventricular septum bulges leftward, compressing the left ventricular (LV) chamber, and may
cause episodic left ventricular outflow tract (LVOT) obstruction [8]. In such cases, the short-
axis view demonstrates a circular right ventricle and a crescentic left ventricle.

4.4. Conduction tissue

EA cases have specialized conduction tissues [9, 14]. The sinoatrial node appears to be nor-
mally positioned, but various abnormalities of the right bundle branch have been reported.
It may be located superficially in the subendocardium of the atrialized ventricle and encased
in fibroelastic tissue. Arrhythmias such as accessory conduction pathways (Wolff-Parkinson-
White (WPW) syndrome), atrial fibrillation or flutter are common. They occur with increasing
frequency with advancing age [15]. Patients who have accessory conduction pathways are
diagnosed and treated by catheter ablation technique with high succession rates.

4.5. Left ventricle

Histology of the left LV in patients with EA has shown variable degrees of fibrosis, hypertro-
phy, and nonspecific dysplasia [14]. LV dysfunction leads to abnormal leftward bowing of the
ventricular septum and mitral valve prolapse. Regional dysfunction of LV may also develop
secondary to RV dilatation.

4.6. Associated cardiac defects

The most commonly associated cardiac defects are atrial septal defect and patent foramen
ovale, present in 80-94% of EA patients [16]. Other associated anomalies include bicuspid or
atretic aortic valves, pulmonary atresia or hypoplastic pulmonary artery, subaortic stenosis,
coarctation, mitral valve prolapse, accessory mitral valve tissue or muscle bands of the left
ventricle, ventricular septal defects (VSD), and pulmonary stenosis [17]. Abnormalities of
LV morphology and function, as well as other left-sided heart lesions, may also occur in
EA [9, 10, 16-23]. Most patients with congenitally corrected transposition of the great arter-
ies have an abnormal systemic TV, which fulfills the criteria for EA in 15-50% of cases. It
is unclear whether the fundamental nature of the anomaly is identical in concordant and
discordant atrioventricular connections [24-26]. The morphological RV is rarely dilated in
congenitally corrected transposition.

5. Classifications

There are two approaches in the description of the anatomic severity of EA. The first approach
is based on the echocardiographic appearance. The abnormality is described anatomically as
mild, moderate, or severe. The amount of displacement and tethering of the leaflets and the
degree of RV dilatation are assessed. This classification is imprecise but simple. The second
approach is to describe the exact anatomy of each of the involved cardiac structures as visual-
ized at operation. This nomenclature system emphasizes the characteristics that surgeons find
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GOSE score Ratio Mortality rate (%)
Grade 1 <0.5 5-8

Grade 2 0.5-0.99 8-10

Grade 3 1-1.49 45 (acyanotic)

100 (cyanotic)
Grade 4 >1.5 100

Table 1. The Great Ormond Street Echocardiography (GOSE) score and mortality rate are seen.

important when considering repair versus replacement of the TV [10]. In 1988, according to
the classification of Carpentier, EA was divided into four types. Type A: The volume of the
true RV is adequate. Type B: Large atrialized component of the RV exists, but the anterior leaf-
let of the TV moves freely. Type C: The anterior leaflet is severely restricted in its movement
and may cause significant obstructions of the RVOT. Type D: Almost complete atrialization of
the ventricle except for a small infundibular component [27].

The Celermajer classification [28] of EA was according to echocardiographic measurements
calculating the ratio of the combined area of the right atrium and aRV to that of the fRV and
the left heart in a four-chamber view at the end diastole (GOSE = RA + aRV/fRV + LV + LA).
There is an echocardiographic grading score for neonates with Ebstein’s anomaly, The Great
Ormond Street Echocardiography (GOSE) score, with grades 1 to 4. Increasing severity, that
is, a higher grade, was associated with a high mortality rate. This classification is particularly
helpful with neonatal Ebstein’s anomaly [28]. The Great Ormond Street Echocardiography
(GOSE) score and mortality rate are demonstrated in the Table 1.

6. Causation and genetics

No specific cause has been consistently associated with EA. Based on retrospective case report-
ing, treatment with lithium during the first trimester of pregnancy was thought to be strongly
associated, a 400-fold relative risk, with the occurrence of EA in the fetus. However, recent
cohort and case—control epidemiologic studies have not confirmed these initial findings.

There are heterogeneous genetic factors in EA. Most cases are sporadic; familial ones are rare.
Duplication of 15q affects the early morphogenesis of cardiac structures, including the normal
formation of TV. Therefore, the gene located on the long arm (q) of chromosome 15 is likely to
be involved in the development of EA [29, 30]. Distinct rearrangements of the chromosomal
region 11q arm and deletion of 10p13-p14 and 1p34.3-p36.11 have also been described in
association with EA. Genetic bases of this anomalies may be associated with the mutations in
the genes MYH? and NKX2.5 and among others [31-38]. Moreover, heterozygous mutations
of NKX2.5 have been identified in the EA cases accompanied by atrioventricular (AV) block,
atrial septal defect (ASD), ventricular septal defect (VSD), tetralogy of Fallot or double-outlet
RV, and other TV abnormalities [39].
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7. Pathophysiology

The broad spectrum of anatomic severity in EA is due to the wide spectrum of clinical and
hemodynamic manifestations. The pathophysiologic changes are related to the RV functional
impairment and the degree of TV regurgitation or, rarely, stenosis; the size of the interatrial
communication; LV dysfunction and other associated congenital cardiovascular malforma-
tions. The aRV acts as a passive reservoir during contraction of the atrium due to the decreas-
ing volume of ejected blood. The overall effect on the right atrium is dilatation and an increase
in size of the interatrial communication. Tricuspid regurgitation increases with perogressive
annular dilatation. To a lesser degree, the pathologic substrates predisposing to tachyarrhyth-
mias produce an additional dimension contributing to the pathophysiology.

Dysfunction of the RV myocardium, and the abnormalities of the TV contribute to the
impaired flow into the right heart and the pulmonary circulation. The dilated right atrium
and RVa decrease the right heart flow. There is no valvar tissue separating this area from the
true atrial chamber and the great veins. This results in increased venous pressure, which leads
to an elevation in resistance to forward flow. A larger volume of RA due to RA distension
results in right to left shunting at the atrial level in the presence of an ASD. When the aRV
relaxes, it will expand, and can even balloon outwards during true atrial contraction. This
creates a reservoir for venous blood and decreases the amount of effective forward flow that
crosses the abnormal TV. This to-and-fro flow pattern between the right atrium and the aRV
not only decreases effective output from the right heart but also provides an ongoing stimulus
for atrial dilatation and atrial arrhythmias. The degree of functional impairment has been
directly related to these anatomic and physiologic abnormalities. A small fRV and large aRV,
extreme displacement or absence of the septal leaflet, the degree of displacement or tethering
of the anterosuperior leaflet, and the aneurysmal dilation of the RVOT were all associated
with a reduced functional state of the New York Heart Association [40]. A small fRV and large
aRV, and extreme displacement of the septal leaflet is shown in https://mts.intechopen.com/
download/index/process/176/authkey/53ae2bbd4b7866a29632305139289c32.

Although the primary focus in patients with EA has been on right-sided structures, there
have been an increasing number of reports of left-sided abnormalities, especially in LV size,
shape, and function [35-37]. Radionuclide scans and cineangiograms have shown disturbed
LV function at rest in nonoperated patients. During formal exercise testing, these patients
show an appropriate increase in LV ejection fraction due to a reduced end-systolic volume
and unchanged end diastolic volume [37]. EA is related to the abnormal echocardiographic
appearance of the LV myocardium: myocardial noncompaction and hypertrabeculated seg-
ments. Most patients have satisfactory LV function; a small percentage show severe systolic
and diastolic dysfunction even if patients have LV myocardial abnormalities [41]. These left-
sided myocardial abnormalities, although seen in only a few patients, support the concept
that EA is actually a global myocardial disorder that primarily manifests itself within the RV
and TV. Pulmonary vascular resistance is always high immediately after birth and usually
decreases rapidly in the first days of life. It is highly difficult for the infant with severe EA to
deal with neonatal circulation due to the high pulmonary vascular resistance. The combination
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of RV myopathy, tricuspid regurgitation, and elevated pulmonary resistance can lead to poor
pulmonary perfusion when the arterial duct constricts or closes. Venous pressures rise, lead-
ing to right-heart failure and cyanosis due to right-to-left shunting across the foramen ovale.
Until the pulmonary resistance decreases, and the pulmonary flow increases, these infants
present a diagnostic and therapeutic dilemma. Patency of the pulmonary outflow tract and
valve must be confirmed [42]. This can be achieved by demonstrating the opening of the pul-
monary valvar leaflets by cross sectional echocardiographic scans, or by documenting either
forward or more commonly regurgitant flow across the valve using Doppler techniques.

8. Clinical presentation

The manifestations of EA are cyanosis, right-sided heart failure, arrhythmias, and sudden
cardiac death. The hemodynamic variations and clinical presentation depend on the age at
presentation, anatomic severity, hemodynamics, and the degree of right-to-left interatrial
shunting [38, 41].

Patients with EA may present at any age and the majority is diagnosed in infancy or child-
hood, but a small percentage with less severe malformations present in adulthood. The most
severe cases present prenatally or as newborns. Prenatal diagnosis is dependent upon ultra-
sonic screening examinations. The mortality rate is higher in the patients with severe EA. In
the severe forms of EA, cardiomegaly, hydrops, and tachyarrhythmias may be seen in the fetal
echocardiography. Marked cardiac enlargement may lead to pulmonary parenchymal hypo-
plasia in the most severe cases. Prenatal arrhythmia is not common. Neonates usually present
with cyanosis and heart failure and secondary TV regurgitation resulting from decreased
pulmonary blood flow, depressed RV function, and low cardiac output [42]. Murmurs and
arrhythmias are frequently encountered presenting complaints in children, adolescents and
adults. Adults also present with progressive cyanosis, decreasing exercise tolerance, fatigue,
or right-sided heart failure. Palpitations in a cyanotic child should raise the possibility of EA
[38, 41, 42]. In the presence of an interatrial communication, the risk of paradoxical embo-
lization, brain abscess, and sudden death increases. Exercise tolerance is dependent on the
cardiac function and oxygen saturation [43, 44].

9. Physical findings

Growth and development are generally normal. Physical signs vary depending on the severity
of pathology and magnitude of the right-to-left atrial shunt, which may lead to cyanosis and
digital clubbing in patients with interatrial communication. Cyanosis is typically pronounced
in the neonate and infants, whereas it is milder (sometimes only exertional) in older children.
Many have an unusual facial coloration, described as violaceous hue, red-cheeked, or malar
rush. Usually these patients have an associated mild polycythemia. Asymmetry of the chest is
a frequent finding secondary to the right heart dilatation. Arterial and venous pulsations are
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usually normal, even in the presence of tricuspid insuficiency. The jugular venous pulsations
may not have a large V wave because of poor transmission of the venous pulse wave in the
presence of a dilated and compliant right atrium [41, 42]. Jugular venous and hepatic distention
may be present in advanced cases. The praecordium is usually not overactive. After the neona-
tal period, it is auscultation that often alerts the physician to the diagnosis of EA. The systolic
murmur of tricuspid regurgitation is variable and its intensity depends on the degree to which
contractility of the fRV is preserved. Multiple first heart sounds are heard because the highly
mobile anterosuperior valvar leaflets and anterior leaflet mimic ejection clicks. Occasionally,
the heart sounds are soft, but usually they are of normal intensity. The first heart sound is
widely split because of the increased excursion of the anterosuperior leaflet and the subsequent
delayed closure of the abnormal TV. The second heart sound is often split owing to the late
closure of the pulmonary valve as a result of the conduction delay associated with severe RV
enlargement. A holosystolic murmur is found along the left sternal border in those with an
organized jet of tricuspid regurgitation. Diastolic murmurs are rare, unless there is coexist-
ing pulmonary regurgitation. Low-intensity diastolic murmurs can be auscultated in the same
location as a result of antero-grade flow across the TV [42]. Importantly, murmurs may be very
soft or absent if the coaptation gap is very large; the velocity of to-and-fro flow is low, and rapid
equalization of pressure across the functional TV does not result in blood flow turbulence.

10. Diagnosis

10.1. Electrocardiography

The electrocardiogram (ECG) is usually abnormal and helps to confirm the clinical diagnosis.
Sinus rhythm is usually present at the time of initial diagnosis. ECG may show tall and broad
P waves as a result of right atrial enlargement, as well as complete or incomplete right bundle-
branch block. Complete AV block is rare and first degree AV block is present in approximately
half the patients. The QRS axis in the frontal plane occasionally shows right-axis deviation. Most
patients have right bundle branch block and many have low-voltage QRS complexes in the right
precordial leads. Right ventricular hypertrophy criterion are extremely uncommon [41, 45].

The downward displacement of the septal leaflet of the TV is associated with discontinuity
of the central fibrous body and septal atrioventricular ring with direct muscular connections,
thus creating a potential substrate for accessory atrioventricular connections and preexcita-
tion. Occasionally, the pattern is transient or intermittent. Paroxysmal tachyarrhythmias in
EA are based on fast conducting atrioventricular accessory pathways with both antegrade
and retrograde conduction properties in most patients. In addition, wide QRS tachycardia
over a septal accessory atrioventricular pathway, ventricular tachycardia, or flutter, as well as
ectopic atrial tachycardia, atrial flutter, and atrial fibrillation can occur. Concealed accessory
pathways, without manifest delta waves, are also common. Absence of anterograde preexcita-
tion, therefore, neither indicates that the accessory connection is no longer present nor that the
patient is no longer susceptible to tachycardia. The patient may still have retrograde conduc-
tion, which allows for atrioventricular reciprocating tachycardia. The presence of left axis
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Figure 1. ECG of a patient with Ebstein’s anomaly and the wolf Parkinson white syndrome showing the typical changes,
with reduced PR interval, and preexcitation (delta wave) configuration of the QRS complex.

deviation in a patient with EA suggests the presence of the Mahaim variant of preexcitation,
produced by atriofascicular tracts.The patients with arrhythmias or symptoms compatible
with arrhythmia are significantly older than those without symptoms or arrhythmias [46-48].
Accessory conduction pathways [Wolff-Parkinson-White (WPW) syndrome] arrhythmias are
seen approximately 15-20%. Atrial fibrillation or flutter can occur with increasing frequency
with older age. ECG shows EA patients with WPW syndrome in Figure 1.

Even prior to the widespread application of complex surgical antiarrhythmic procedures,
surgical intervention appeared to decrease the frequency of arrhythmias, at least in early,
short-term follow-up. Despite the overall reduction in arrhythmias, when arrhythmias were
observed early during postoperative recovery, these patients had an increased risk of late
sudden death [15, 49].

10.2. Chest radiography

The cardiac silhouette may vary from nearly normal to extreme cardiomegaly. When the heart
is severely dilated, it takes a globular shape similar to that observed with large pericardial
effusions or severe dilated cardiomyopathy. The dilated right atrium is responsible for most
of the enlarged cardiac silhouette. In the frontal view, the right atrium produces a significant
convexity of the right heart border, and in the lateral view, the right atrium may fill the entire
retrosternal space. The convex left border is primarily due to dilation of the right ventricular
outflow tract. The convexities of both left and right heart borders produce the characteristic
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globular cardiac silhouette. In cyanotic patients with a right-to-left shunt, the pulmonary vas-
cularity is decreased. A cardiothoracic ratio of 0.65 carries a poor prognosis [14].

10.3. Echocardiography

Two-dimensional echocardiography is the diagnostic test used also in the long-term assess-
ment of patients with EA. More recently 3D echocardiography has been utilized as an adjunct
for the assessment of additional details about TV anatomy-leaflets and subvalvar apparatus,
the size and function of the cardiac chambers, and other associated cardiac defects. The single
most sensitive and specific diagnostic feature is the displacement of the annular hinge of the
septal leaflet. The distance between the valvar hinge points can easily be measured. Apical
displacement of the septal leaflet of the TV from the insertion of the mitral anterior leaflet
hinge point should be at least 8 mm/m? when evaluated in the apical four-chamber view [14].
An echocardiogram (four-chamber view) of a patient with severe Ebstein’s anomaly showing
a displaced septal leaflet, atrialized RV and small functional RV is shown in Figure 2.

Other echocardiographic features that help in diagnosis include: (1) elongation of the antero-
superior leaflet, (2) tethering of the leaflets to the underlying myocardium, (3) shortened
cordal support, (4) attachment of the leading edge of the anterosuperior leaflet to the right
ventricular myocardium, (5) displacement of the annular attachment of the anterosuperior
leaflet, (6) absence of the septal or mural leaflets, (7) congenital fenestration of the leaflets, and
(8) enlargement of the valvar annulus [24].

Echocardiography is also used to evaluate the suitability for valvar repair, associated car-
diovascular abnormalities, and myocardial function. The most important determinant of a
durable monoleaflet repair is a freely mobile anterosuperior leaflet, especially its leading
edge. The mobile leaflet tissue should be visualized within the right ventricular inflow tract,
and this assessment must be made in the apical four-chamber view. Extensive adherence of
more than half of the anterosuperior leaflet to the ventricular myocardium makes a successful
repair unlikely. A single central jet of regurgitation is more easily eliminated than multiple
regurgitant orifices. Even when there is a significant amount of leaflet tissue, direct muscular
insertions from the ventricular free wall into the body of the anterosuperior leaflet can make
repair impossible. The functional impact of the malformation of the RV and TV should be
determined. Anatomic and functional severities are usually similar, but they are not always
the same. For example, a patient can have a severe anatomic displacement with EA but only
mild functional impairment. This generally occurs if the interatrial communication is small,
the displaced valve is relatively competent, and the myocardium is only mildly dysfunctional.
Both aspects of severity play an important role in determining the functional state, prognosis,
and reparability of the TV. The degree of RA and RV enlargement and functional state of the
RV myocardium should also be defined. Other important features include the degree of dila-
tion of RVOT, the presence and size of any ASD, and the degree of transvalvar regurgitation.
The left ventricular myocardium has also been described as being abnormal in a significant
number of patients with EA. Therefore, quantitative evaluation of LV performance should
also be a routine component of the echocardiographic evaluation in EA patients. VSD and pul-
monary stenosis may also be associated with EA. Doppler and color flow echocardiographic
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Figure 2. (a) Echocardiographic view (four-chamber view, apex up) of a patient with Ebstein’s anomaly showing a
displaced septal leaflet (arrow). (b)The anterior leaflet is severely tethered and nearly immobile. The functional right
ventricle (RV) is small. aRV indicates atrialized right ventricle; LA, left atrium; LV, left ventricle; and RA, right atrium.

assessment can help determine hemodynamic alterations such as valvar regurgitation and
intracardiac shunting [13, 17, 24, 40]. An echocardiogram shows the displacement septal leaf-
let of TV and the anterosuperior leaflet which is the largest, redundant and contains fenestra-
tions that led to tricupid regurgitations Figure 3.
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Figure 3. An echocardiogram (four-chamber view, apex up)showing the displacement of septal leaflet(in the right hand
panel), anterior leaflet fenestrations, and tricuspid regurgitations (in the left hand panel). The hinge point of the normal
septal tricuspid leaflet is positioned slightly toward the cardiac apex relative to the septal hinge point of the anterior
mitral leaflet. This displacement is exaggerated in hearts with Ebstein’s malformation, as shown in the image (outlined
by the arrow, in the right hand panel) This can be quantitated by the displacement index, dividing the distance between
the valvar insertions divided by the body surface area. A value of greater than 8 mm/m? is diagnostic of Ebstein’s
malformation. It should be noted that the valvar leaflets are also abnormal in Ebstein’s malformation. LA, left atrium;
LV, left ventricle; RA, right atrium; RV, right ventricle.

Echocardiography also plays an important role in the intraoperative and postoperative assess-
ment of adequacy of TV repair or replacement. The most important use of intraoperative
echocardiography is the immediate evaluation of the repaired valve functions. The postop-
erative examination is used to assess prosthetic valvar function, the changes in right and left
ventricular functions and to exclude significant residual atrial level shunting. Postoperative
echocardiography is also important to evalute the adequacy of the surgical repair, presence of
pericardial or pleural effusion, mediastinal hematoma, intracardiac thrombus, and the degree
of residual tricuspid regurgitation or tricuspid stenosis. The flow can rarely be compromised
in the RCA because of its proximity to the plicated portion of the aRV [13, 41].

10.3.1. Prenatal detection of Ebstein’s malformation

Echocardiography can accurately define the EA features in the fetus. Characteristics related
with the early neonatal mortality include marked enlargement of the right heart, severe teth-
ering of the anterosuperior leaflet, left ventricular compression, and associated lesions as pul-
monary atresia [42). Pulmonary hypoplasia develops as a result of severe cardiomegaly and
hydrops with pleural and pericardial effusions. Detection of rhythm disturbances, such as
supraventricular tachycardia, should be attempted at the time of fetal echocardiography due
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to its contribution to the development of hydrops. If the ratio of the combined right atrial and
atrialized ventricular area compared to the combined area of the functional right ventricle and
left heart is greater than one, fetal or neonatal outcome is very poor. Other fetal or neonatal
findings associated with increased risk of mortality were a larger ASD, functional or anatomic
pulmonary atresia, or reduced LV function [40—42].

10.4. Cardiac catheterization and hemodynamics

Diagnostic cardiac catheterization is rarely necessary in EA patients, except for preoperative
coronary angiography or diagnosis of the associated cardiac anomalies. RV and pulmonary
artery pressures are usually normal, even if the RV end-diastolic pressure is increased. RA
pressure may be normal, despite severe TV regurgitation, especially if the right atrium is
markedly dilated. Oximetry may show systemic arterial desaturation in the presence of an
interatrial communication and right-to-left shunting [13, 14].

10.5. Cardiac magnetic resonance imaging

Cardiac magnetic resonance imaging (CMRI) is used for the quantitative measurement of right
atrial and ventricular size and systolic function in Ebstein’s patient. Axial imaging is a more
reliable analysis for defining the disease severity [41]. Cardiac magnetic resonance imaging of a
patient with severe Ebstein’s anomaly showing displacement of septal leaflet, atrialized right ven-
tricle (ARV) and small functional right ventricle is shown in Figure 4, septal bowing in Figure 5.

Tricuspid anterior leaflet

Functional RV

Tricuspid septal leaflet

Figure 4. Cardiac MRI of a patient with Ebstein’s anomaly showing displacement of septal leaflet, atrialized right
ventricle (ARV) and small functional right ventricle (fRV); LA, left atrium; LV, left ventricle; and RA, right atrium.
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Figure 5. An example of a cardiac MRI showing septal bowing in short axis views. (Used with permission of the
Sonomed Imaging Center).

11. Management

11.1. Medical treatment

Any patient with EA needs to be evaluated regularly by a cardiologist who has expertise in
congenital heart disease. Prophylaxis for endocarditis is recommended despite its low risk. In
neonates, congestive heart failure or profound cyanosis may be substantial. Medical therapy
is the initial and preferred line of treatment. However, failure in weaning from the ventilator
or persistent metabolic abnormalities often result in the need for operation. Patients with EA
and cardiac failure who are not candidates for surgery are treated with standard cardiac fail-
ure therapy, including diuretics and digoxin. The efficacy of angiotensin-converting enzyme
inhibitors in the patients with right-sided heart failure is unproved. Medical management
of arrhythmias should be individualized and combined with operative or catheter-based
intervention.

11.2. Catheter ablation

Electrophysiological evaluation and radiofrequency ablation of symptomatic accessory path-
ways should be performed when feasible in EA patients with tachyarrhythmias. Catheter
ablation has alower success rate in patients with an accompanying anomaly than in those with
structurally normal hearts, and the risk of recurrence is increased [45, 46]. Supraventricular
tachyarrhythmia associated with EA can also be ablated at the time of operative repair [45].

Tachycardia mediated via an accessory pathway is very common. Ten percent of the patients
have other mechanisms for their tachyarrhythmias. The pathways are right-sided or septal in
the majority of patients with reentrant arrhythmias, with only 4% being left-sided. Thirty per-
cent of the patients may have multiple pathways. Radio-frequency ablation is able to eliminate
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the tachycardia in almost 90% of cases, depending on its mechanism; however, recurrence is
common. Long-term success is achieved in only one-third of the cases [15, 46-48].

11.3. Surgical treatment
11.3.1. Indications for operation

Children who have survived infancy generally remain asymptomatic for several years. The
surgery can be postponed until symptoms appear, cyanosis becomes evident, or paradoxi-
cal emboli occur. Deliberations about an operation should begin if evidence of deteriora-
tion exists, such as progressive increase in right heart size, reduction in systolic function, or
appearance of ventricular or atrial tachyarrhythmias. Indications for operation in the symp-
tomatic neonates include severe cyanosis, GOSE of three or four with mild cyanosis, cardio-
thoracic ratio > 80% and severe TR. However, in older ages, operation is clearly indicated if
the symptoms progress to New York Heart Association functional class III or IV and medical
management has little to offer. A biventricular reconstruction is feasible if the LV is function-
ally normal, enough RV cavity is present and TV morphology is suitable. A 1.5 ventricle repair
can be applied to the patients with the RV failure. Heart transplantation is reserved for the
patients with severe biventricular dysfunction.

Some patients with cyanosis on exercise, who have a shunt at the atrial level but only mild or
moderate regurgitation of the TV, may benefit from device closure to alleviate cyanosis and
to prevent paradoxical emboli. Some centers commonly perform such procedures either as
a staged approach or for long-term palliation [50]. The degree of TV regurgitation must be
assessed carefully because closure of an ASD alone may worsen RV dysfunction.

11.3.2. Surgical options

A variety of surgical methods were introduced in the treatment of Ebstein’s anomaly. Those
treatments included a TV repair or replacement for the principle element in the treatment
of Ebstein’s anomaly and additional concomitant procedures for the correction of comorbid
anomalies such as ablation of accessory conduction pathways, resection or plication of the
atrialized right ventricle, application of 1.5-ventricular repair (bidirectional cavo-pulmonary
shunt), and single-ventricle repair for advanced right ventricular dysfunction. Heart trans-
plantation is suggested for the patients with severe left ventricular dysfunction. Neonatal
operation has high operative mortality, whereas operation performed beyond infancy and
into adulthood has low operative mortality. Late survival and quality of life for hospital sur-
vivors are excellent for the majority of patients in all age brackets [51-54].

12. Conclusion

Ebstein’s anomaly is a complex congenital anomaly with a wide anatomic and clinical spec-
trum. Management is complex and must be individual because of the different anatomic and
hemodynamic variables, and associated malformations, in Ebstein’s anomaly. These patients
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are evaluated by a cardiologist who has expertise in congenital heart disease. Developing better
management strategies and survival of patients with this anomaly will continue to improve.
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