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General introduction

General introduction

General introduction and outline of the thesis
Ebstein’s anomaly is a rare congenital heart defect accounting for < 1% of all congenital heart
diseases.1 It is characterised by abnormal myocardial development of the right ventricle and
embryonic delamination failure of the tricuspid valve leaflets. During normal cardiac embryo
genesis, multiple endocardial cushions grow into the lumen of the atrioventricular canal.
Subsequently, fenestrations start to develop in the underlying myocardial layer (Figure 1a).
Fusion of these fenestrations results in complete delamination of the tricuspid valve tissue
from the ventricular wall (Figure 1b). The valve tissue is now only attached at the cranial and
caudal edges.
In Ebstein’s anomaly, this delamination process fails. Fenestrations fail to develop, resulting
in incomplete detachment of the valve leaflets (Figure 1c). Consequently, the displaced hinge
points of the leaflets create an effective tricuspid valve orifice at the junction of the leaflets
(Figure 1d), in contrast to the original level of the atrioventricular orifice. The portion between
the original level of the atrioventricular orifice and the effective tricuspid valve orifice is
referred to as the atrialised portion of the right ventricle, whereas the remaining part of the
right ventricle is referred to as the functional portion of the right ventricle.
Normal

Ebstein’s anomaly

Figure 1. In normal cardiac embryogenesis (left), multiple fenestrations (+) develop in the myocardial
tissue underneath the endocardial cushions in the atrioventricular canal (a). Fusion of these fenestrations
(*) results in complete delamination of the tricuspid valve tissue from the ventricular wall (b). In Ebstein’s
anomaly (right), fenestrations (-) fail to develop (c), creating an effective tricuspid valve orifice (solid
arrow) below the original level (dotted arrow) of the atrioventricular orifice (d). aRV, atrialised portion of
the right ventricle; EC, endocardial cushions; fRV, functional portion of the right ventricle; RA, right atrium;
RV, right ventricle; TV, tricuspid valve
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Morphological features
In Ebstein’s anomaly, there is usually some degree of atrial dilatation. The original atrioven
tricular orifice shows circumferential enlargement. The wall of the atrialised portion of the
right ventricle is often thin and fibrotic, and it is occasionally completely devoid of muscular
tissue.2-6 The effective tricuspid valve orifice can be more than tripled in area compared to
normal. The plane of the annulus is often rotated > 30° anteriorly towards the right ventricular
outflow tract (Figure 2).7

Figure 2. Representation of the enlarged right atrium (RA) and the atrialised (aRV) and functional (fRV)
portion of the right ventricle. The dotted line represents the original atrioventricular (AV) orifice. The
solid line represents one of the wide variations in effective tricuspid valve (TV) orifices seen in Ebstein’s
anomaly.

The size of the functional portion of the right ventricle can be more than doubled at both end
diastole and end systole compared to the normal right ventricle.7,8 The base demonstrates
significant bulging, the apex is rounded and lengthening of the long axis occurs. Within the
functional portion, we can recognise the apical trabecular part and the infundibulum, but an
inlet portion is missing.4 Wall thickness of the functional portion of the right ventricle can be
normal, but is often reduced as well.5,6 The ventricle contains increased fibrous content.4,5 The
endocardium can demonstrate fibroelastosis.
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Haemodynamic features
Several haemodynamic alterations contribute to diminished right ventricular function in
Ebstein’s anomaly. The contraction capacity of the atrialised portion plays an essential role.
In case of sustained contraction capacity, the atrialised portion will contract simultaneously
with the functional portion. As a result, the atrialised portion will pump the blood against a
closed tricuspid valve, directing the blood towards the right atrium. When the contraction
capacity is reduced, the atrialised portion may expand during contraction of the functional
portion, especially in the case of severe tricuspid regurgitation. Eventually, the expanded
atrialised portion may hinder atrial emptying.
In the case of severe tricuspid regurgitation, the volume overload causes the functional
portion of the right ventricle to dilate. In addition, severe myocardial fibrosis of the functional
portion reduces ventricular compliance. This leads to impaired diastolic filling, an important
determinant of ventricular preload and function. It aggravates right atrial dilatation as well.

Part I Diagnosis and follow-up
Abnormalities of the tricuspid valve can be accurately defined prenatally, although there is
some overlap between Ebstein’s anomaly and tricuspid valve dysplasia. Due to the often
severe enlargement of the right atrium as the result of severe tricuspid regurgitation, the
condition can usually be well recognised during prenatal screening at 20 weeks of gestational
age. Other findings may include cardiomegaly, hydrops and arrhythmias. One of the
challenges in establishing severity of disease in utero is the fact that foetal haemodynamics
evolve during pregnancy. After diagnosis, the severity of the tricuspid regurgitation and the
original atrioventricular orifice diameter should be assessed regularly. Antegrade flow over
the pulmonary valve and pulmonary regurgitation should be carefully evaluated each time.
The flow direction over the patent duct, as well as the dimensions and systolic function of
both ventricles, should be considered.
Clinical presentation varies widely among paediatric patients and among age groups. In
neonates, the elevated pulmonary vascular resistance may attribute to severe tricuspid
regurgitation, resulting in severe cyanosis and right-sided heart failure. Older children might
suffer fatigue, decreased exercise tolerance and cyanosis.9,10 At increasing age, arrhythmias
are reported more regularly as the presenting symptom. Although the sinus node and the
13

1

Chapter 1

atrioventricular node are in the usual locations, the displacement of the effective tricuspid
valve orifice results in discontinuity of the central fibrous body. This allows direct muscular
connections between the right atrium and the right ventricle, providing an anatomic substrate
for ventricular pre-excitation. A variety of arrhythmias can occur. Supraventricular tachycardia
is often caused by accessory pathways with either concealed accessory pathways or WolffParkinson-White syndrome, but atrioventricular node re-entry tachycardia is also seen.11
Wolff-Parkinson-White syndrome is more frequently associated with Ebstein’s anomaly than
any other congenital heart defect, and is seen in 10-20% of patients.12 Patients usually have
multiple accessory pathways, which makes ablation more difficult than in patients with
structurally normal hearts. Ventricular tachycardia can also be seen, although more rarely.13 It
can be related to the atrialised portion of the right ventricle, or to postoperative scar tissue.
Ebstein’s anomaly is diagnosed by echocardiography. It is characterised by a displacement
≥ 8 mm per m2 body surface area of the hinge point of the septal leaflet towards the right
ventricular outflow tract (Figure 3).9
Due to its complex geometry, assessment of the right atrial and right ventricular function
is challenging in Ebstein’s anomaly. Echocardiography is the most commonly used imaging
modality for diagnosis and serial follow-up of patients, as it is widely available. It is real time,
inexpensive and applicable at every age, generally without the need for anaesthesia. How
ever, due to severe enlargement of the atrialised and functional portion of the right ventricle,
it can be difficult to obtain good views by echocardiography, hampering reliable functional
assessment.
Three-dimensional echocardiography may allow detailed viewing of each tricuspid valve
leaflet, along with precise morphology, functional characteristics and the mechanism of failure
of coaptation.14,15 It might provide a more accurate quantification of the regurgitation jets,
and the subchordal apparatus may be seen more clearly. It is suggested that surgical findings
correlate well with three-dimensional multiplanar findings.14 However, three-dimensional
echocardiography is highly dependent on transthoracic echocardiographic window, and might
not always be available. In addition, transoesophageal echocardiography might provide more
detailed information on morphology and function of the tricuspid valve leaflets in Ebstein’s
anomaly. However, children require anaesthesia, and probes for young children are not always
available. Both three-dimensional and transoesophageal echocardiography require a learning
curve and effort from dedicated professionals.

14
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Figure 3. Echocardiographic four-chamber view demonstrating the displacement of the hinge point of
the septal leaflet (*). Ebstein’s anomaly is characterised by a displacement (d) ≥ 8 mm per m2 body
surface area. aRV, atrialised portion of the right ventricle; fRV, functional portion of the right ventricle; LA,
left atrium; LV, left ventricle; MV, mitral valve; TV, tricuspid valve; RA, right atrium

Cardiac computed tomography allows for rapid acquisition of high-resolution images at the
cost of radiation. Dynamic imaging is limited however, and flow data cannot be assessed.
Cardiac magnetic resonance imaging has become a comprehensive tool for accurate and
reproducible assessment of right ventricular function and tissue characterisation in Ebstein’s
anomaly (Figure 4).16,17 It allows for quantitative ventriculography and dynamic and flow
assessment. However, cardiac magnetic resonance imaging has its limitations as well. The
complex geometry in Ebstein’s anomaly may be difficult to incorporate in standardised
imaging protocols. Moreover, children may find the relatively long imaging protocols in a
cardiac magnetic resonance scanner challenging, and some may require anaesthesia.

15
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Figure 4. Cardiac magnetic resonance imaging four-chamber view, demonstrating the original atrio
ventricular orifice (dotted line) and the displaced effective tricuspid valve orifice (arrows). aRV, atrialised
portion of the right ventricle; fRV, functional portion of the right ventricle; RA, right atrium

Part II Management and outcome
Management of paediatric patients with Ebstein’s anomaly depends on the patients’ age,
the severity of clinical symptoms and the haemodynamic consequences of the malformation.
Relatively stable neonates may be observed and might require medical management like
oxygen and prostaglandin infusions until pulmonary vascular resistance decreases. They
may survive the neonatal period without any surgical intervention. Unstable neonates might
require mechanical ventilation, with or without prostaglandin infusion, inhaled nitric oxide
and inotropic support. The main goal of this treatment is improvement of the antegrade
pulmonary flow by supporting the functional portion of the right ventricle.18
Proposed indications for neonatal surgery include: 1) congestive heart failure and severe tri
cuspid regurgitation or profound cyanosis despite appropriate medical therapy; 2) Celermajer
index scores (calculated area ratio of the sum of the right atrium and the atrialised portion of
the right ventricle, to the sum of the remaining chambers) of 3 or 4, independent of whether
the patient presents with symptoms or not; and 3) a cardiothoracic ratio of > 0.8.19

16
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Surgical options include a biventricular or 1.5 ventricular repair or univentricular palliation.
A biventricular repair pathway with valvuloplasty is preferred in the case of a favourable
tricuspid valve morphology with a large and mobile anterior leaflet and a reasonably sized
functional portion of the right ventricle. If this is not the case, a single ventricle pathway
might be necessary.
A modified Starnes procedure20 is one of the approaches that can be applied in neonates. It is
effective as early palliative treatment of neonates with severe heart failure and is appropriate
for any anatomical variation. With this technique, the original atrioventricular orifice is closed
with a fenestrated patch, leading to right ventricular exclusion. This results in immediate
decompression of the left ventricle. A systemic-to-pulmonary shunt is also placed. This
procedure was developed for univentricular palliation. However, recently, several cases were
presented in which a takedown of the Starnes procedure took place and a cone repair of the
tricuspid valve was performed, restoring the biventricular circulation. This can only be done
in the case of good right ventricular function and the presence of sufficient tricuspid valve
tissue, without too much rotation into the right ventricular outflow tract.
In 2018, Holst et al.21 performed a Society of Thoracic Surgeons Congenital Heart Surgery
Database analysis, including all operations performed during the first year of life between
2010 and 2016. In total, 255 neonates and 239 infants with Ebstein’s anomaly were included
in the study. Median age for neonates at surgery was seven days, and the primary operations
were: Ebstein’s repair 40% (n=101); systemic-to-pulmonary shunt 20% (n=52); closure of the
original atrioventricular orifice 9% (n=24); pulmonary artery banding 6% (n=12); and other 25%
(n=64). For infants, median age at surgery was 179 days, and the primary operations were:
superior cavopulmonary anastomosis 38% (n=91); Ebstein’s repair 16% (n=37); pulmonary
artery banding 8% (n=19); systemic-to-pulmonary shunt 5% (n=13); ventricular septal defect
repair 3% (n=6); and other 31% (n=73).
In older asymptomatic children, observation may be appropriate when there is no right-toleft shunting, when there is only mild cardiomegaly, and for those who have good exercise
tolerance. Proposed indications for surgery during childhood include: 1) symptoms of
cyanosis, fatigue, and shortness of breath; 2) decreased exercise tolerance; 3) progressive
right ventricular dilatation or reduced systolic function; and 4) presence of atrial or ventri
cular arrhythmias.19 In borderline situations, the echocardiographic determination of high pro
bability of tricuspid valve repair makes the decision to proceed with earlier operation easier.

17

1

Chapter 1

Ebstein’s anomaly has a broad spectrum of morphological variations. Many different surgical
repair techniques have been developed over the last years. At the beginning, tricuspid valve
repairs were based on the construction of a monocusp valve by using the anterior leaflet. This
brought the effective tricuspid valve orifice up to the original atrioventricular orifice. If the
tricuspid valve could not be reconstructed, the valve tissue adjacent to the right ventricular
outflow tract was excised and a prosthetic valve (bioprosthetic more often than mechanical)
was inserted.22 Frequently, a portion of the atrialised right ventricle was excised. Although
these monocusp repairs were effective in the short term, many patients eventually required
reoperation and tricuspid valve replacement.
In 2004, da Silva extended the concept of anterior leaflet monocusp repair and included septal
leaflet mobilisation, which allows for circumferential 360-degree leaflet cone-like re-attachment,
resulting in leaflet-to-leaflet-coaptation.23,24 Therefore, it is distinctly different from the earlier
monocusp repairs. This technique is intended to be a single strategy to approach the wide
variety of anatomical presentations of Ebstein’s anomaly. The main concepts include complete
mobilisation of tricuspid valve leaflet tissue by cutting all its abnormal attachments to the
right ventricle, leaving only a small area of attachment near the apex of the heart. Mobilised
leaflets (anterior, diminutive inferior and septal) are joined side to side. If necessary, some
fenestrations are made. Leaflet augmentation using the pericardium can be performed to
increase leaflet height or to increase the size of the tricuspid valve annulus. The valve tissue
is then re-anchored at the original atrioventricular annulus. For this, it is rotated clockwise to
be sutured to the septal border of the anterior leaflet, creating a cone. To prevent heart block,
the annulus of the new tricuspid valve is displaced as far as possible superior and away from
the conduction system. During the surgery, ablation of the abnormal conducting system and
of the tricuspid caval isthmus can be performed to prevent arrythmias.
The cone reconstruction can be performed in numerous anatomical variations of Ebstein’s
anomaly. Major clinical improvement is seen in the majority of the patients. This technique
restores right ventricular functional volume and may lead to reverse remodelling of the heart.25
However, in the case of severe morphological malformation, when the effective tricuspid
valve orifice is severely rotated into the right ventricular outflow tract, or when there is
severe damage to the right ventricular structure, a cone reconstruction can be challenging.
Furthermore, longitudinal plication of the atrialised portion of the right ventricle and plication
of the original atrioventricular orifice can result in tricuspid valve orifice stenosis, and
distortion, or at least compression, of the main right coronary artery.26 Consequently, right
ventricular function can deteriorate, and there is a greater incidence of ventricular arrhythmia
18
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after the operation. There are no long-term or midterm studies reporting on whether cone
reconstruction can avoid paediatric tricuspid valve replacement.

Figure 5. Principles of the cone reconstruction for patients with Ebstein’s anomaly. All abnormal attach
ments to the right ventricle are cut, leaving only a small area of attachment near the apex of the
heart (a). Mobilised leaflets are joined side to side. The valve tissue is now re-anchored at the original
atrioventricular annulus by rotating it clockwise, to be sutured to the septal border of the anterior leaflet,
creating a cone (b).

In the case of severe dysfunction of the right ventricle, a bidirectional cavopulmonary ana
stomosis may be added to the tricuspid valve repair.26 This procedure reduces right ventricular
preload, but increases left ventricular preload, which might improve biventricular function. The
right ventricular unloading might permit the borderline tricuspid valve annular size caused by a
cone reconstruction, and it might avoid the need for tricuspid valve replacement in the long term.
Patients diagnosed with Ebstein’s anomaly prenatally or in the neonatal period have the worst
outcome. Freud et al.27 followed 243 foetuses diagnosed with Ebstein’s anomaly or tricuspid
valve dysplasia. There were 11 lost to follow-up (5%), 15 terminations (6%) and 41 demises
(17%). In their live-born cohort of 176 patients, 56 (32%) died before discharge, yielding an
overall perinatal mortality rate of 45%. Diagnosis < 32 weeks of gestation, increased original
atrioventricular orifice z-scores, the presence of pulmonary regurgitation and pericardial
effusion were associated with poor outcomes. McElhinney et al.28 followed 33 foetuses with
Ebstein’s anomaly or tricuspid valve dysplasia. There were eight terminations (24%), nine
demises (27%) and 16 (49%) survivals to birth. To these 16 live-born patients, the researchers
added 33 patients diagnosed with Ebstein’s anomaly in the neonatal period. In this cohort
of 49 patients, 14 (29%) died before discharge. An important independent predictor of death
was the absence of anterograde flow across the pulmonary valve.
19
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Large outcome studies of paediatric patients after the new-born period are lacking. Oxenius
et al.29 retrospectively included 42 paediatric patients diagnosed with Ebstein’s anomaly at a
median age of five days (range one day to 11.7 years). Average follow-up was 9.5 ± 7.0 years.
The overall mortality rate was 14%. Of the six patients who died, three died postnatally
before treatment.
A large number of factors associated with death have been described, including co-morbidity
of atrial septal defects ≥ 4 mm, functional or anatomical pulmonary valve atresia and a
cardiothoracic ratio ≥ 0.65 on chest X-ray.30-32 One of the most important factors could be
Celermajer index grade 4. The Celermajer index9 is graded by calculating the ratio of the
combined area of the right atrium and the atrialised right ventricle to that of the combined
area of the functional right ventricle, left atrium, and left ventricle in a four-chamber view at
end diastole. The ratio is used to define four grades of increasing severity: grade 1, ratio < 0.5;
grade 2, 0.5–0.99; grade 3, 1–1.49, and grade 4 ≥ 1.5. A mortality of 100% has been described
for neonates presenting with Celemajer index grade 4.32,33

Part III Health-related quality of life
The concept of health-related quality of life and its determinants incorporate those aspects
of overall quality of life that affect either physical or mental health. Questionnaires are
generally considered valid indicators of unmet needs and intervention outcomes. Assessing
health-related quality of life in paediatric patients, however, can be challenging. Self-reports
are considered the gold standard. In the paediatric population, parents are the primary health
information source, especially when children are young or cognitively impaired. However, the
accuracy of parent-reports is not well known. It is suggested that moderate parent-child
correlations are found for physical, school, social and overall quality of life, but no significant
parent-child associations are found for emotional quality of life.34
Health-related quality of life is worse in congenital heart disease patients than in healthy
controls35,36, with the largest difference seen in physical and psychosocial functioning.37 How
ever, literature about health-related quality of life of children with congenital heart disease
remains controversial. Some report equal or even better health-related quality of life when
compared to healthy peers.38,39 Given the differences in functioning among patients with
congenital heart disease of varying severity, the individual’s health-related quality of life may
depend on disease severity.35 Cardiac related health-related quality of life is generally scored
20
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worse in complex congenital heart disease than in moderate and simple disease, especially in
the domains of symptoms and cognitive problems.35,37
Mental health problems in children and adolescents include several types of emotional and
behavioural disorders, characterised as either internalising or externalising behavioural
difficulties. The first are characterised by internally-focused or emotional problems such as
somatic complaints, anxiety, depression and social withdrawal. The latter include externallyfocused or behavioural problems such as hyperactivity, delinquency and aggressive behaviour.
Both types of problems can be assessed by means of self- or proxy-reports. The latter often
include the parents’ perception, but the schoolteachers’ perceptions are also relevant for
all-round evaluation of the child’s behaviour. Parent-child reports of externalising behaviour
problems are strongly correlated, whereas no significant parent-child association is found for
internalising problems.34 Schoolteachers tend to report fewer internalising or externalising
behavioural difficulties than patients report themselves.40 Parents-teacher reports tend to
correlate better than teacher-self reports.
Studies on emotional and behavioural problems in children with congenital heart disease
are limited. It is reported that no differences can be found in total problem, externalising
or internalising scores between boys with congenital heart defects and healthy peers.41 In
girls, even lower externalising and internalising scores were found in patients than in healthy
peers. This suggests that children with congenital heart disease experience fewer emotional
and behavioural problems than healthy peers. Children with congenital heart disease receive
more attention than others. Close parental involvement, resulting in close bonding between
children and parents, may contribute as well. Family interactions may be more important than
any medical or physiological factor in the prediction of emotional and behavioural outcomes
in children with congenital heart disease.42 Furthermore, patients acknowledge their physical
limitations, but do not seem to interpret those as affecting their lives negatively.
Parents of children with congenital heart disease are at high risk for mental health problems.43
Depending on the severity of disease, parents cope with medical appointments and cardiac
procedures, often accompanied by long hospital stays. They face financial and emotional
challenges. Psychosocial problems have been reported to manifest in depression (18%),
anxiety (16-18%), somatisation (31-38%) and hopelessness (16%).44 It is well established that
compromised mental health, if left untreated, can adversely affect a parent’s ability to care
for his or her child.43 Therefore, having insight into parental illness cognitions and parenting
stress is crucial to optimise care for these families.
21
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Outline of the thesis
The aim of this thesis is to improve various facets of care for young patients with Ebstein’s
anomaly. The thesis is divided into three parts: 1) Diagnosis and follow-up; 2) Management
and outcome; and 3) Health-related quality of life.
The aims and objectives of this thesis are:
Part I Diagnosis and follow-up
-

To provide a detailed overview of clinical presentation, diagnostics and treatment
options for patients diagnosed with Ebstein’s anomaly during childhood

-

To evaluate the clinical use of both echocardiography and cardiac magnetic resonance
imaging for assessment of biventricular function in young patients with Ebstein’s anomaly

-

To study the occurrence of left-sided anomalies in Ebstein’s anomaly

Part II Management and outcome
-

To study factors at time of diagnosis associated with death

-

To evaluate all types of surgical interventions in paediatric patients with Ebstein’s
anomaly, performed in the Netherlands since 1980

-

To evaluate long-term surgical outcomes of paediatric patients with Ebstein’s anomaly

Part III Health-related quality of life
-

To evaluate self-reported health-related quality of life in children and adolescents with
Ebstein’s anomaly

-

To study agreement between self-reported and parent proxy-reported health-related
quality of life, and to study agreement between mothers and fathers

-

To evaluate emotional and behavioural problems in children and adolescents with
Ebstein’s anomaly

-

To evaluate parental illness cognition and levels of parenting stress in parents of
children and adolescents with Ebstein’s anomaly

In chapter 2, we provide a detailed overview of Ebstein’s anomaly during childhood. We ex
plain pathological features, describe signs and symptoms at presentation, report required
diagnostics for establishing severity of disease and discuss surgical management for severely
ill neonates and children beyond infancy. In chapter 3, we evaluate the use of the two most
22

General introduction

commonly used imaging modalities in Ebstein’s anomaly for diagnosis, serial follow-up and
pre-operative preparation: echocardiography and cardiac magnetic reso
nance imaging.
We describe the challenges and pitfalls, evaluate the use of Ebstein’s anomaly severity
scores, and compare echocardiography- and cardiac magnetic resonance-derived functional
parameters with clinical markers of heart failure. In chapter 4, we report on neonates presen
ting with Ebstein’s anomaly and an aortic arch lesion. They all required neonatal cardiac
surgery, but not on account of their Ebstein’s anomaly. In chapter 5, we study factors at
the time of diagnosis associated with death during childhood. This supports the treating
physician in counselling the parents after their child is diagnosed with Ebstein’s anomaly. In
chapter 6, we review the outcome of paediatric patients who required cardiac surgery for
their Ebstein’s anomaly during childhood. We studied the intended treatment (biventricular
or 1.5 ventricle repair or univentricular palliation), freedom from unplanned reoperation and
survival. In chapter 7, we evaluate self- and proxy-reported health-related quality of life, and
assess emotional and behavioural problems in paediatric patients with Ebstein’s anomaly.
We compared scores of self-reported health-related quality of life to normative data, and
we compared scores of self- to proxy-reported health-related quality of life. Finally, we
evaluated emotional and behavioural problems as reported by the patients themselves, their
parents and their schoolteachers. In chapter 8, we concentrate on the parents of children and
adolescents with Ebstein’s anomaly. By means of questionnaires, we evaluated their illness
cognitions and the level of parenting stress they experience every day. Chapter 9 contains
a general discussion in which the results of these studies are critically appraised. Finally,
chapter 10 provides a summary of the studies performed as part of this thesis.
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Abstract
Ebstein’s anomaly is a complex congenital disorder of the tricuspid valve. Presentation in
neonatal life and (early) childhood is common. Disease severity and clinical features vary
widely and require a patient-tailored treatment. In this review we describe the natural history
of children and adolescents with Ebstein’s anomaly, including symptoms and signs presenting
at diagnosis. Current classification strategies of Ebstein’s anomaly are discussed. We report
on diagnostic methods for establishing the severity of disease that might enhance decision
on the timing of surgical intervention. Furthermore, we describe different surgical options
for severely ill neonates and multiple surgical interventions after infancy. Only with ample
knowledge and understanding of the above, this complex and diverse group of patients can
be correctly treated in order to improve not only duration, but also quality of life.
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Ebstein’s anomaly is a rare congenital heart disorder that occurs in about one to five per
200,000 live births, accounting for < 1% of all congenital heart diseases.1 The essence of
the originally described Ebstein’s anomaly is a displacement of the effective tricuspid valve
orifice downward into the right ventricle, dividing the right ventricle into an atrialised and a
functional portion. The severity of this malformation varies from mild, with few or no clinical
findings, to severe defects incompatible with life. Presentation within the first 12 months
of life is highly associated with poor prognosis, whereas in older children the long-term
prognosis is superior. In this review, we summarise the current management related to the
anatomical and electrophysiological comorbidities of Ebstein’s anomaly, as well as surgical
interventions and predictors of outcome in the first two decades of life.

Pathological features
In the normal heart, the tricuspid valve consists of the anterior, posterior, and septal leaflet. In
Ebstein’s anomaly, an abnormal development of the valvular components is seen. The leaflet
tissue of the valves extends from the ventricular walls into a process called ‘‘delamination’’.
Owing to incomplete delamination, the hinge points of the septal and posterior leaflet are
displaced. They are attached within the cavity of the ventricle itself, creating a functional
tricuspid annulus below the true anatomic annulus. Furthermore, a rotation between 10° and
90° from the level of the atrioventricular junction often accompanies this apical displacement
of the functional annulus (Figure 1).2
The leaflets have irregular shapes, are dysplastic and are tethered by short chordae and
papillary muscles or have direct myocardial insertions. In a subset of patients, complete
fusion makes it impossible to distinguish one leaflet from another. The malformed tricuspid
valve may be incompetent, stenotic, or, rarely, imperforated.
The intraventricular displaced functional tricuspid annulus divides the right ventricle into two
parts: the ‘‘atrialised’’ and the functional right ventricle. The atrialised right ventricle, which
can be seen as a continuation of the true right atrium, shows variable degrees of thinning of
the wall; it is grossly fibrotic and contains only sparse muscular fibres. The functional right
ventricle may be massively dilated, including the infundibulum. The wall may be thinned and
fibrotic.
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Celermajer et al.4 described an echocardiographic grading score for neonates with Ebstein’s
anomaly; the Glasgow Outcome Score Extended Score grade 1–4. Severity of Ebstein’s anomaly
was graded by calculating the ratio of the combined area of the right atrium and the atrialised
right ventricle to that of the combined area of the functional right ventricle, left atrium, and
left ventricle in a four-chamber view at end diastole. The ratio was used to define four grades
of increasing severity: grade 1, ratio < 0.5; grade 2, 0.5–0.99; grade 3, 1–1.49, and grade 4 ≥ 1.5.
Dearani et al.1 proposed a new classification according to two different approaches. The
first is based on echocardiographic appearance. Ebstein’s anomaly is categorised into mild,
moderate, or severe, similar to the classification used for echocardiographic quantification of
mitral regurgitation. However, they describe this classification as imprecise and subjective.
Their second approach considers the exact anatomy of all three leaflets of the tricuspid valve,
the right ventricle, and the right atrium, resulting in the classification of Ebstein’s anomaly
type I–IV. The latter limits classification of Ebstein’s anomaly to direct surgical observation.

Associated cardiac malformations
An interatrial communication is commonly present, either as a patent foramen ovale or as a
(secondary) atrial septal defect. This communication is usually associated with a right-to-left
shunt, although left-to-right shunt may be present in some young patients with mild forms of
Ebstein’s anomaly. A ventricular septal defect is often present, usually leading to right-to-left
shunting in the presence of neonatal anatomic or functional severe right ventricular outflow
tract obstruction. Furthermore, Ebstein’s anomaly is often associated with distal right ven
tricle anomalies including pulmonary valve stenosis or atresia. Miscellaneous cardiac defects
are reported as well.
Attenhofer et al.5 focused on the left side of the heart in Ebstein’s anomaly patients, finding
abnormalities involving the myocardium or valves in 39% of the patients, for example mitral
valve prolapse or dysplasia, bicuspid aortic valve, and non-compaction. Therefore, Ebstein’s
anomaly should not be regarded as a disease of the right side of the heart alone.
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Clinical presentation
Physical examination
Physical signs on examination vary markedly, but they are present in the majority of the patients. Growth, development, and body build of the patients are generally normal, although
Kapusta et al.6 found children with Ebstein’s anomaly to be slightly shorter than the population
average in addition to the mean body mass index standard deviation score being slightly decreased. Cyanosis is seen in all degrees along with various degrees of digital clubbing. A prominent
third or even a fourth heart sound is often heard. In the study by Celermajer et al.,4 out of 88
neonates, 65 (74%) presented with cyanosis, nine presented with heart failure, eight neonates
had an incidental murmur, five presented with arrhythmia, and one neonate was diagnosed
after cardiac screening, performed because of the clinical suspicion of having trisomy 18. In the
study of Arizmendi et al.,7 18 out of 21 (86%) neonates presented with cyanosis, six with heart
failure, and six with a murmur. No neonates were seen with arrhythmia. Older children are often
referred for further examination after a heart murmur is heard.4,7 Celermajer et al. described a
murmur as a presenting symptom in 33 out of 50 (66%) children aged up to 10 years; seven of
the 50 patients had cyanosis, six had arrhythmias, and four had heart failure. In adolescence, arrhythmias, but also heart failure, murmurs, and cyanosis are reported as presenting symptoms.4,7
Electrophysiology
Atrial and ventricular arrhythmias are common in patients with Ebstein’s anomaly. Owing to
the fact that the anatomic tricuspid annulus represents an incomplete fibrous ring, it may
allow direct muscular connections between the right atrium and right ventricle, providing the
anatomic substrate for ventricular pre-excitation. Pre-excitation and Wolff–Parkinson–White
syndrome are strongly associated with Ebstein’s anomaly.
Delhaas et al.8 studied 93 children with Ebstein’s anomaly for pre-excitation or arrhythmic
events. Rhythm disturbances were exhibited in 17%. The median age at diagnosis of this
subgroup (n = 16) was 0 days and the median age at first electrocardiogram abnormality was
three months. There were five patients who presented with supraventricular tachycardia,
three showed pre-excitation on routine electrocardiogram at initial diagnosis of Ebstein’s
anomaly, and seven presented later in life with rhythm disturbances. In all, two patients
died, one because of intractable supraventricular tachycardia and one probably due to an
arrhythmic event. All 14 surviving patients showed pre-excitations, in four intermittently. In
addition, atrial flutter, atrial fibrillation, and also ventricular tachyarrhythmia may occur in
young patients with Ebstein’s anomaly.
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Echocardiography
Two-dimensional echocardiography is the most important diagnostic tool for children with
congenital heart disease. It is portable, non-invasive, has no radiation risk, and provides
immediate high resolution anatomical and physiological information.
Prenatal echocardiography
Foetal echocardiography is an accurate predictor of congenital heart disease from the midtrimester of pregnancy.9 Abnormalities of the tricuspid valve can be accurately defined
prenatally, although there is much overlap between valvular dysplasia and Ebstein’s mal
formation. Sharland et al.9 diagnosed by echocardiography 38 foetuses with abnormalities
of the tricuspid valve. In all, 14 were diagnosed with Ebstein’s anomaly and diagnosis was
confirmed in 10 cases; three proved to have valve dysplasia only and one was lost to followup. Nevertheless, foetuses with severe Ebstein’s anomaly might suffer from early intrauterine
demise before the first ultrasound examination is made, resulting in underestimation of the
disease diagnosed prenatally.
Echocardiography in infants and children
In patients with Ebstein’s anomaly, the anatomy and function of the tricuspid and pulmonary
valve, the right atrium, and the atrialised portion of the right ventricle, as well as the size and
function of both ventricles, can be carefully evaluated by echocardiography (Figure 2).
An apical displacement of the septal tricuspid valve leaflet from the insertion of the anterior
leaflet of the mitral valve by more than 0.8 cm/m2 body surface area distinguishes Ebstein’s
anomaly from other malformations associated with tricuspid regurgitation.10 However, the
quality of images can be compromised in non-cooperative patients or when only poor acoustic
windows are available.
Real-time three-dimensional echocardiography (3DE) is a feasible method in addition to
conventional two-dimensional echocardiography to evaluate the anatomy and the dynamic
function of the abnormal tricuspid valve in young Ebstein’s anomaly patients. It also permits
clear differentiation from tricuspid valve dysplasia.11 It can show extension of tricuspid
regurgitation and adds information regarding septal leaflet insertion and right ventricle
volumes. Furthermore, the size, location, and shapes of septal defects can be visualised clearly.
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Even foetal hearts can be examined by 3DE. However, this modality is not yet widely used as
a bedside technique.

Figure 2. Echocardiographic feature of a patient with Ebstein’s anomaly demonstrating the apical
displacement of the tricuspid valve (TV), dividing the right ventricle in an atrialised (aRV) and a functional
portion (fRV). LA = left atrium; LV = left ventricle; MV = mitral valve; RA = right atrium.

Electrocardiogram
In most patients with Ebstein’s anomaly, electrocardiogram findings are abnormal, especially
in older patients, but they are not diagnostic. The rhythm is usually a normal sinus rhythm.
P waves can be increased in amplitude as a sign of right atrium enlargement. P waves and
the PR interval are often prolonged because of a delayed conduction in the enlarged right
atrium. Small initial q waves may be found, occasionally seen in leads as far as V4, and are
also considered to be due to right atrial enlargement. Signs of ventricular pre-excitation
may be present. The QRS might show right axis deviation. It is usually of low voltage and
prolonged, and it might exhibit a right bundle branch block pattern of various types in the
right precordial leads (Figure 3). The right bundle branch block might be caused by pressure
of the atrialised portion of the right ventricle onto the right septal surface. Left bundle branch
block and atrioventricular block are also common.
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Figure 3.
Figure 3. A 12-lead electrocardiogram of an 8-year-old girl with Ebstein’s anomaly. Signs of pre-excitation
A 12-lead electrocardiogram
of an 8-year-old girl with Ebstein’s anomaly. Signs of pre-excitation and repolarisation disorder are present.
and repolarisation disorder are present.

Exercise testing
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Exercise testing may assist in determining the severity of the disease. Children, adolescents,
and adults with Ebstein’s anomaly may have limited exercise tolerance, defined as maximal
oxygen consumption (VO2) at peak exercise.12–14 There is a strong negative correlation between
blood oxygen levels and exercise tolerance. Observed heart rate at maximum exercise is
lower than predicted.13 The cardiac output at rest is within the lower range of normal for age.
Driscoll et al.12 showed that surgical repair improves exercise tolerance mostly because of the
elimination of the right-to-left shunt in these patients. The exercise performance of patients
without atrial septal defect was significantly greater than that of pre-operative patients
with atrial septal defect, but was similar to that of patients who had atrial septal defect
closure. This suggests that the presence and size of intracardiac right-to-left shunt might
be a major contributing factor to exercise intolerance. The study of MacLellan-Tobert et al.13
supports this. By shunting, only a portion of the systemic venous return reaches the lung for
ventilator exchange of carbon dioxide. To maintain normal systemic arterial partial pressure
of carbon dioxide, the patient must compensate by increasing ventilator exchange to allow
for removal of carbon dioxide. Indeed, in Ebstein’s anomaly patients minute ventilation at rest
and ventilatory equivalent for oxygen (VE/VO2) at rest and during exercise are significantly
higher before surgical repair than after.12–14 In addition, improvements in tricuspid and
consecutive right heart function might be another substrate for the improvement in exercise
performance after surgery.14 However, it is difficult to establish from which age children can
safely participate in exercise tests. Furthermore, young children might be more difficult to
encourage to exercise to exhaustion. Interpretation of results should be performed carefully,
whereas sex and body surface area influence outcomes.15
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Chest radiography
The cardiac silhouette may vary from almost normal to a typical configuration of a box or
balloon-shaped heart with a narrow waist. The greatly enlarged right atrium is mainly respon
sible, but also the dilated right ventricular outflow tract can be displaced outward and
upward. The aorta cross-section is small, and the pulmonary trunk, which normally appears as
a discrete convex bulge, is absent. The cardiothoracic ratio is an important factor influencing
outcome of patients with Ebstein’s anomaly. Pulmonary vascularity may be normal or
decreased. When a newborn presents with systemic desaturation and the chest radiography
shows cardiomegaly and decreased pulmonary vascularity, the diagnosis of Ebstein’s anomaly
should be considered.
Cardiac magnetic resonance imaging
Cardiac magnetic resonance imaging is a powerful tool providing anatomic and haemodynamic
information that echocardiography alone cannot always provide. The extent of tricuspid re
gurgitation, the degree of right-to-left shunt, as well as the ventricular volumes and function
can be well assessed. Tobler et al.16 even conclude that the volume of the atrialised right
ventricle is a novel cardiac magnetic resonance imaging measure, which may express severity
of disease. To fully characterise right heart size and function, the atrialised right ventricle,
functional right ventricle, and total right ventricle volumes need to be measured by adequate
cine view of a four-chamber, axial and short-axis view. The axial view, however, appears to
provide the most reproducible data.17
Cardiac magnetic resonance imaging is also particularly helpful in cases with associated
cardiac malformation and allows accurate planning of the best surgical approach. Attenhofer
et al.18 compared the use of echocardiography and cardiac magnetic resonance imaging in
patients with Ebstein’s anomaly. They concluded that both provide complementary data. For
appropriate risk stratification in Ebstein’s anomaly, both examinations should be performed
before surgery. However, cardiac magnetic resonance imaging requires specific knowledge
of anatomical variations and functional implications of Ebstein’s anomaly, as well as highresolution imaging, and extended patient compliance. General anaesthesia is commonly
integrated into the examination protocol of younger children.
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Children with mild Ebstein’s anomaly might not need any interventions during infancy, child
hood, or adulthood. These patients, however, will need lifelong visits at the outpatient clinic.
The frequency of these visits depends on their clinical condition. Others with moderate to
severe types of Ebstein’s anomaly -with or without associated malformations- might require
medical treatment and/or intervention early in life.
Medical treatment
Little evidence is published about the use of medication in children with Ebstein’s anomaly.
In the large paediatric cohort of Kapusta et al.,6 41% of the children with Ebstein’s anomaly
(n = 38) required medication at presentation. Patients diagnosed during the first year of life
received significantly more medication as compared with children diagnosed later in life.
Prostaglandin was required in 23 of 93 patients, all in the neonatal period. Neonates often
require short-term prostaglandin therapy in case of severe tricuspid regurgitation and severe
cyanosis, due to the functional pulmonary valve atresia and the high pulmonary arteriolar
resistance. Other required medication at presentation included diuretics (n = 15), digitalis (n
= 14), and inotropics (n = 5). At the end of their study, 19% of their children were classified
as New York Heart Association class II for which only a few patients required -a combination
of- medication.6 Medication included diuretics (n = 5), angiotensinconverting enzyme blocker
(n = 1), digitalis (n = 1), beta-blocker (n = 4), and aspirin (n = 2).
Reemtsen et al.19 reported on 16 pre-operative neonates of whom 88% were in need of pros
taglandin and 56% required inotropics: dopamine, dobutamine, or epinephrine. Furthermore,
inhaled nitric oxide may play an important therapeutic role in neonates with Ebstein’s anomaly
after discontinuation of prostaglandin.20
Rhythm anomalies, including re-entrant tachycardias, are comorbidities requiring medical inter
vention at any age in patients with Ebstein’s anomaly. Supraventricular arrhythmias are the
most common rhythm disturbance in children and tend to be recurrent and drug resistant.
Currently, catheter ablation of accessory pathways is often performed and anti-arrhythmic
drugs are less often prescribed. Delhaas et al.8 found in 16 out of 93 patients of their paediatric
population rhythm disturbances of which nine out of 14 of the surviving patients underwent
ablation. Of these patients, four were still on antiarrhythmic drugs after a mean follow-up of
13 years and 3 months.
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Radiofrequency ablation procedures
Up to one-third of the Ebstein’s anomaly patients are presenting accessory pathways. These
are usually right sided and may even be multiple.8,21 Indications for radiofrequency ablation
include apparent life-threatening arrhythmias and drug-refractory tachycardia. Radiofrequency
ablation procedures in Ebstein’s anomaly patients are challenging because of the anatomical
and functional variations. The right atrium may be severely dilated, the atrioventricular junction might be less well demarcated, abnormal electrocardiograms can be recorded along the
atrialised right ventricle, and catheter stability may be impaired.21
Acute success rates for patients with Ebstein’s anomaly are similar to those of patients with
other congenital heart diseases, but Ebstein’s anomaly patients are more likely to have a re
currence.22 Supraventricular tachyarrhythmias can also be successfully ablated at the time of
operative repair.23
Surgical management
The customary objectives of surgical intervention in patients with Ebstein’s anomaly are: (1) to
reduce the severity and haemodynamic sequelae of tricuspid regurgitation and/or stenosis;
(2) to improve hypoxaemia; and (3) to assist in controlling intractable tachyarrhythmias.
The indications for operation in the first two decades of life are multiple and vary widely.
In neonates, they include overt heart failure, cyanosis, acidosis associated with tricuspid
regurgitation, depressed right ventricle function, severe cardiomegaly, persistent need for
inotropic support, ventilator dependency, and prostaglandin-dependent circulation.19,24 After
infancy, frequently reported indications for surgery include New York Heart Association class
III or IV, progressive exercise intolerance, tachyarrhythmias refractory to drug treatment or
not amenable to catheter-based intervention, recurrent palpitations or significant associated
anomalies. Furthermore, patients with a cardiothoracic ratio > 0.65 and persistent severe
cyanosis may need surgical intervention.25–28
Neonates
Symptomatic neonates with Ebstein’s anomaly can present with severe heart failure, cyanosis,
and acidosis, and without surgical intervention most of them will die.19,24,29 Surgical intervention
includes tricuspid valve repair, right ventricle exclusion, or transplantation. The first essential
surgical decision that needs to be made is whether a two-ventricle repair is feasible, valve
repair, or not, right ventricle exclusion.19,24 Right ventricle exclusion was first suggested by
Starnes and associates in 1991,29 but the technique has been modified over the last 10 years.
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If the functional portion of the right ventricle is inadequate or if there is right ventricle outflow
tract obstruction, one might choose for this right ventricle exclusion. This is performed by

2

patching the tricuspid valve, preferably with a fenestration of the patch (Figures 4 and
5).19,30 A reduction right atrioplasty is performed and possibly also a right ventricle plication.
Next, the right ventricle outflow tract is accessed. Finally, a Blalock–Taussig shunt provides
pulmonary blood flow.
A two-ventricle approach may include modifications in the anterior leaflet creating functionally
monocuspid tricuspid valve architecture. A reduction atrioplasty is performed with partial
closure of the atrial septal defect, leaving behind a small fenestration. Finally, other cardiac
defects are simultaneously repaired.24
The choice of surgical approach seems to be partially dependent on the clinic’s experience.
Reemtsen et al.19 in 2006 described 16 critically ill neonates undergoing surgery. There were
12 patients who underwent right ventricle exclusion as initial palliation; in three patients, the
tricuspid valve was repaired and one patient underwent heart transplantation. The overall
survival was 69% with no late deaths reported at a mean follow-up of 27 months. Knott-Craig
et al.24 described in 2007 surgical intervention in 22 neonates and five young infants. In all
but two patients, two-ventricle repair was performed. They reported a 74% survival rate with
results
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(AL) closer to the ventricular septum (VS), or septal leaflet, in order to optimise leaflet coaptation and
establish competence of the valve. The base of the intact major papillary muscle(s), which arises from
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this manoeuvre is completed. CS = coronary sinus; IL = inferior leaflet; LV = left ventricle; PFO = patent
foramen ovale; PV = pulmonary valve. Source: Dearani et al.32
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In 2004, another technique for valve repair was described by Wu et al.33 This repair restores
to near normal anatomical and physiological functioning of the tricuspid valve. The displaced
posterior and septal leaflets with some chordae tendinae and corresponding papillary muscle
are detached from the annulus and ventricular wall. The leaflets are then reattached to the
native posterior annulus with re-implantation of the papillary muscle. Most of the atrialised
portion of the ventricular wall is excised and the tricuspid annulus is plicated. In case of a
severely hypoplastic septal leaflet, autologous pericardial tissue is used to create a new
leaflet. In 2009, Malhotra et al.34 described a technique with reconstruction performed at the
functional rather than the anatomic orifice. Detachment and re-implantation of valve leaflets
is avoided and only limited plication is performed at the level of the displaced valve.
Da Silva et al.35 proposed a conic reconstruction of the tricuspid valve in 2004. This technique
consists of (almost) total detachment of the anterior tricuspid megaleaflet from the ventricular
wall and valvular ring. This leaflet is transformed into a cone rotating it clockwise. The vertex
remains fixed in the right ventricular tip. Then the atrialised right ventricle is plicated to
exclude its thin part. The true tricuspid annulus is plicated to make up the new annulus at the
anatomically correct level. After its plication, the base of the cone is sutured to the tricuspid
ring. The end result of this cone reconstruction includes 360° of leaflet tissue surrounding the
right atrioventricular junction.
In general, the ‘‘one and a half ventricle repair’’ using a bidirectional cavopulmonary shunt is
preserved for Ebstein’s anomaly patients with a severely enlarged and poorly functioning right
ventricle.32,33 This shunt reduces the preload of the right ventricle but optimises the preload
of the left ventricle. It therefore reduces both the risk of post-repair tricuspid stenosis and of
potential progression of residual tricuspid regurgitation.
Valve reconstruction is preferable to replacement given the attendant risks of thrombo
embolism and the need for re-intervention with patient’s growth. Tricuspid valve replacement
in adulthood is also a risk factor for 30-day mortality and for complications.36 However, in
case of extreme hypoplasia of the anterior leaflet and severe right ventricular dysfunction,
valve replacement may be the only option. The type of implanted prosthesis, mechanical or
biological, seems not to affect the outcome.37 When replacing the valve, the conduction tissue
and the right coronary artery should be protected. All leaflet tissue should be removed to
avoid obstruction.32 In case of severe dysfunction of the left ventricle, cardiac transplantation
should be considered.
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Outcome of surgical intervention

2

Surgical outcomes vary with an early survival rate of 86–96% and a 10-year survival rate up
to 96%.25,26,28 Studies included different surgical procedures and a subset of included patients
had prior surgical intervention. Although re-operations were associated with a trend towards
higher mortality, this did not reach significance level.26 No significant difference was found
between valve repair and valve replacement groups. Commonly reported post-operative
complications include atrial and ventricular arrhythmias, low cardiac output, and respiratory
insufficiency.25,26,28 In all, 77–82% are free from re-operation 10 years after surgery.25,28
Pre-operative risk factors for mortality include an increased pre-operative right ventricle size
with decreased systolic function, pre-operative decreased left ventricle systolic function,
cardiothoracic ratio ≥ 0.65, and variables associated with right ventricle outflow tract
obstruction or narrow pulmonary arteries.25 In addition, younger age and corresponding low
bodyweight and body surface area < 0.5 m2 is associated with higher mortality rates.26 Preoperative risk factors for re-operation are pulmonary valve stenosis, hypoplastic or stenotic
pulmonary arteries, prior cavopulmonary shunt, and younger age at the time of operation.25

Factors associated with poor prognosis of Ebstein’s anomaly
The prognosis of patients diagnosed in the neonatal period is generally poor. Survival rates
vary from 56–83% after 1 month to 55–71% after 1 year.7,38 In older children and adolescents,
the outcome is superior. Multiple factors associated with poor outcome have been described
over the last two decades. They include presentation in foetal or neonatal life, echocardio
graphic grade of severity 3 or 4 by Celermajer index, New York Heart Association class III or
IV, associated anomalies, and a cardiothoracic ratio of ≥ 0.65.4,7,39 Furthermore, male sex and
the absence of Wolff–Parkinson–White syndrome are reported as negative predictors of longterm survival, in contrast to what might be expected in a larger cohort.39
Kapusta et al.6 also found that young age at presentation (<12 months) is strongly associated
with death. The mortality rate in these children is 7.9 times the risk in the group of children ≥
12 months. In addition to hepatomegaly, the need for medication and mechanical ventilation
at presentation were associated with death. Furthermore, patients with a patent arterial
duct, ventricular septal defect, or pulmonary valve defects have a higher mortality rate.
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Conclusion
Ebstein’s anomaly is a rare and complex congenital disorder characterised by a rotational
displacement of at least one of the leaflets of the tricuspid valve. Clinical features vary widely
from mild symptoms presenting in adolescence to severe neonatal cyanosis and heart failure
resulting in death. New diagnostic methodologies are available for establishing severity of
disease. Many patients develop arrhythmias and may need recurrent radiofrequency ablation
procedures. Severely cyanotic neonates on mechanical ventilation with persistent need for
inotropic support often require immediate surgical treatment in order to survive, but these
interventions remain extremely challenging. Therapeutic options after infancy are more
promising. New surgical techniques have been developed over the last decade and they
seem to alter both prognosis and quality of life in the first two decades of life.
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Abstract
Background
With the trend towards childhood surgery in patients with Ebstein’s anomaly (EA), thorough
imaging is crucial for proper patient selection. This study aimed to assess biventricular function
by echocardiography and cardiac magnetic resonance (CMR), to compare EA severity, and to
compare functional and clinical parameters.
Methods
Twenty-three patients (aged 8-17 years old) with EA underwent medical history, physical
examination, cardiopulmonary exercise testing, echocardiography, and CMR. Echocardio
graphic parameters included tricuspid annular plane systolic excursions (TAPSE), fractional
area change of the functional right ventricle (fRV-FAC), fRV free wall peak myocardial velocity
(fRVs’) and tricuspid regurgitation (TR). End-diastolic and end-systolic volume (EDV resp.
ESV), fRV and LV ejection fraction (EF) and TR were obtained by CMR. Severity was classified
using the displacement index, Celermajer index (CI) and the total-right/left-volume index.
Results were correlated to exercise testing and functional status.
Results
Median fRV-FAC was 38% (33-42). TAPSE and fRV s’ were reduced in 39% and 75% of the
patients, respectively. Echocardiographic TR was visually graded as mild, moderate or severe
in nine, six and eight patients, respectively. By CMR, median fRVEF was 49% (36-58) and TR
was graded as mild, moderate or severe in nine, twelve and two patients, respectively. In
70% of cases, fRV-EDV was higher than LV-EDV. LVEF was (slightly) decreased in 17 cases
(74%). There was an excellent correlation between echocardiography-derived fRV-FAC and
CMR-derived fRVEF (rho = 0.812, p < 0.001). There was a good correlation between the CMRand echocardiography-derived displacement index and the VE/VCO2 slope (rho = 0.792 and
0.703, respectively).
Conclusion
While echocardiography is a versatile tool in the complex geometry of the Ebstein heart, it
has limitations. CMR offers a total overview and has the advantage of reliable volume assess
ment of both ventricles. Comprehensive evaluation of paediatric patients with EA therefore
requires both echocardiography and CMR.
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Evaluation of paediatric patients with Ebstein’s anomaly

3

Recommended parameters for comprehensive evaluation of Ebstein’s anomaly in paediatric patients.
*LVEF: left ventricular ejection fraction with TTE only in selected cases. CMR, cardiac magnetic reso
nance; EF, ejection fraction; MAPSE, maximal mitral annular plane systolic excursion; RVFAC, right
ventricular fractional area change; TR, tricuspid regurgitation; TAPSE, maximal tricuspid annular plane
systolic excursion, TTE, transthoracic echocardiography; total R/L index, total right/left volume index

Introduction
Ebstein’s anomaly (EA) is a rare congenital heart disease occurring in 1-5 per 200,000 live
births.1 It is characterised by abnormal myocardial development of the right ventricle (RV)
and embryonic delamination failure of the septal, inferior and anterior leaflets of the tricuspid
valve (TV). The displaced hinge points of the septal and/or inferior leaflet create a functional
annulus anteriorly towards the right ventricular outflow tract. The critical distinguishing
feature of EA is a displacement of the septal leaflet hinge point of ≥ 8 mm/m2 body surface
area.2 The orifice of the functional annulus can be more than tripled in area compared to
normal. The plane of the annulus is often rotated > 30°.3
The inlet portion of the RV is functionally integrated with the often dilated right atrium and is referred to as the atrialised RV (aRV). The anatomical atrioventricular orifice is usually significantly
enlarged. The trabecular and outlet portions of the RV constitute the functional RV (fRV). The
size of the fRV can be more than doubled at both end-diastole and end-systole compared to the
normal right ventricle.3,4 The base shows significant bulging and the apex is rounded. Lengthening of the long axis occurs. The function of the fRV is usually significantly decreased. Due to the
apical dilatation, the contribution of the apex to the fRV stroke volume is greater than normal.3
This complex geometry causes challenges in assessment of the right atrium and RV. None
theless, assessment of anatomical and functional parameters is important for prognosis
and planning of potential surgical interventions.5,6 Traditional indications for surgery include
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symptoms such as fatigue, cyanosis in case of interatrial shunting, shortness of breath, or
decreased exercise tolerance. Other indications for surgery include progressive fRV enlarge
ment or fRV dysfunction and the onset of tachyarrhythmias.7 The approach of the timing
of surgery has evolved over the last decades and is now believed to be during childhood.
As patient selection begins with thorough imaging, it is essential to study the use of echo
cardiography and cardiac magnetic resonance (CMR) imaging for anatomical and functional
assessment of children and adolescents with EA.
Echocardiography is the most commonly used modality for diagnosis and serial followup of patients with EA, as it is widely available by the bedside and applicable to every
age, generally without the need for anaesthesia. However, due to the generally severely
enlarged fRA and fRV, it can be difficult to obtain good views, which limits reliable functional
assessment. CMR has become a complementary and comprehensive tool for accurate and
reproducible assessment of fRV function and tissue characterisation in EA.8,9 However, CMR
is not a bedside imaging tool. The anomalous geometry of EA may be difficult to incorporate
in standardized imaging protocols. Moreover, children may find the relatively long imaging
protocols in a CMR scanner challenging, and may need sedation.
As both imaging techniques have unique limitations and strengths, combining the modalities
could be synergistic. The goal of the current study was threefold: 1) to assess biventricular
function by echocardiography and CMR in young patients with EA; 2) to compare EA severity
scores calculated by echocardiography and CMR; and 3) to compare imaging parameters with
clinical markers of heart failure.

Methods
Study participants
In this cross-sectional multicentre study, all consecutive paediatric patients (aged 8-17
years) with EA who underwent routine clinical assessment in one of the five participating
Dutch university hospitals between May 2017 and March 2019 were included. Patients with
univentricular palliation, excluding the RV from circulation, were excluded. Patients had a
medical history taken and underwent physical examination, electrocardiogram, cardiopul
monary exercise testing, echocardiography and CMR.
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In accordance with the ethical guidelines of the 1975 Declaration of Helsinki10 the study
protocol was assessed by the Medical Ethics Committee of the Erasmus Medical Centre
(protocol number MEC-2016-752) and by the institutional review boards of all participating
centres. Written informed consent was obtained from the legal guardian(s) of all participants
and from participants aged 12 or older.
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Echocardiography
All participants underwent transthoracic echocardiography, and standard subxiphoid, left
parasternal long and short axis, apical, suprasternal notch, and right parasternal views
were acquired. All studies were supervised by a senior paediatric cardiology member of the
research team. Each study was performed at rest on a locally available machine. Three to five
subsequent heart beats were recorded.
Echocardiographic parameters
The following echocardiographic parameters for assessment of biventricular dimensions
and function were included: maximum peak flow velocities in both outflow tracts, the great
arteries, and across the atrioventricular valves (Doppler E and A); maximal mitral and tricuspid
annular plane systolic excursions (MAPSE and TAPSE, respectively); fRV fractional area change
(fRV-FAC); left ventricle (LV) ejection fraction (LVEF) by modified Simpson method; tissue
Doppler peak systolic myocardial velocity (s’) of the fRV (fRVs’) and LV (LVs’) free wall and peak
systolic longitudinal strain (psLS) of the LV in four-, three- and two-chamber views and psLS
of the fRV free wall. The severity of the tricuspid regurgitation (TR) was determined using the
approach as recommended by the American Society of Echocardiography,11 including color jet
area, vena contracta width, density of continuous Doppler jet, and hepatic vein flow pattern.
TR severity was graded as followed: 0 (no regurgitation), 1 (mild), 2 (moderate) and 3 (severe).
Reference values of both MAPSE and TAPSE and fRVs’ and LVs’ in children are age- dependent.
Therefore, the results were compared to age-matched reference values.12,13 Values two or
more standard deviations (SDs) below or above the mean value were considered reduced
or increased, respectively. Feature tracking analysis was performed according to task force
recommendations14 using dedicated software (TTA2, TomTec Imaging Systems GmbH,
Unterschleissheim, Germany). As reference values for strain analysis in children are also agedependent, the results were compared to normal ranges in children.15
The displacement index was measured in unrepaired patients with EA using the end-diastolic
apical four-chamber view. The distance from the insertion of the anterior mitral valve leaflet
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to the displaced hinge point of the septal leaflet of the TV was measured (Figure 1A) and
indexed to the body surface area. The CI, the ratio of the combined right atrium (RA) and aRV
area to that of the combined fRV, left atrium (LA) and LV area, was calculated in unrepaired
patients in a four-chamber view at end-diastole (Figure 1B). The acquired values were
classified into four grades: grade 1 (CI < 0.5), grade 2 (CI 0.5 to 0.99), grade 3 (CI 1 to 1.49)
and grade 4 (CI > 1.5).16 Higher grades indicate more severe EA.

Figure 1. Measurement of the displacement index (A), Celermajer index by echocardiography (B) and
CMR (C), and total right/left volume ratio (D). aRV, atrialised portion of the right ventricle; CMR, cardiac
magnetic resonance; fRA, functional right atrium; fRV, functional portion of the right ventricle; d, distance;
LA, left atrium; LV, left ventricle; RA, right atrium

CMR imaging
All participants underwent a CMR study at rest, according to a standardized study protocol
on locally available machines. Studies were performed by experienced technicians; no
sedation was administered. All images were ECG-gated and obtained during a breath hold. A
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multiphase, multislice volumetric data set was acquired using a fast 2-dimensional SSFP cine
scan in short-axis orientation, covering the ventricles from base to apex. The following MRI
acquisition parameters were used: TR 3.4, TE 1.4, flip angle 45°, and slice thickness 8 mm. This
data set was used to measure LV and fRV function. Standard four-, three- and two-chamber
views with SSFP cine images were also obtained.
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CMR flow quantification was performed in the ascending aorta and the pulmonary trunk,
with 2D fast phase-contrast sequences. Standardized velocity-encoded (VENC) settings
were defined, although technicians were allowed to alter settings to reduce aliasing. TE was
minimized, with a flip angle of 20°. Flow in the outflow tracts was measured on a phasecontrast sequence in an imaging plane perpendicular to the arterial jet at 10 mm from the
valve’s orifice. The flow measurements with the most optimum VENC were used for analysis
in Qflow (Medis, Leiden, The Netherlands).
CMR parameters
The following CMR parameters for assessment of biventricular dimensions and function were
included on cine images: end-diastolic volume (EDV) and end-systolic volume (ESV) of the fRV
and LV; EF and stroke volume (SV) of the fRV and LV; LV psLS in four-, three- and two-chamber
view, and global fRV psLS and fRV free wall psLS in the four-chamber view. TR was determined
using the combination of visual assessment and the TV regurgitation fraction as determined
by Qflow measurements. TV regurgitation fraction (TV-RF) percent was calculated using the
fRV-SV and pulmonary artery (PA) forward and backward flow volume, using the following
equation: TV-RF %=[(fRV-SV - PA forward flow)/(fRV-SV - PA backflow)] x 100. The most severe
regurgitation determined by either TV regurgitation fraction or visual assessment was used
to define TR grades comparable to echocardiography: 0 (no regurgitation), 1 (mild), 2 (mode
rate) and 3 (severe).
Similar to echocardiography, reference values for ventricular volumes are age-dependent and
indexed to body surface area. Therefore, results were compared to published age-dependent
reference values.17 Segmentation of the slices was performed with QMass software (Medis,
Leiden, The Netherlands). Endocardial borders were manually traced. The aRV and fRV were
defined according to Fratz et al.4 Feature tracking analysis was performed offline using
Qstrain.
The displacement index was calculated as by echocardiography. The CI, was calculated as
previously described by Cieplucha et al.18 as the ratio of the combined end-diastolic volume of
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the RA and aRV to that of the summed end-diastolic volumes of the fRV, LA and LV (Figure 1C).
Disease severity was also calculated by total right/left-volume index as proposed by Hösch
et al.19 End-diastolic volumes derived from CMR SSFP cine stacks were used for calculation of
this index: (RA+aRV+fRV)/(LA+LV) (Figure 1D).
Cardiopulmonary exercise testing
Exercise tests were performed on a bicycle ergometer in the patient’s own outpatient
clinic. Breath-by-breath gas exchange analysis was performed continuously to measure the
respiratory parameters. Heart rate and rhythm were continuously monitored using 12-lead
electrocardiography. Blood pressure was measured every 2 min. Oxygen saturation was
measured using pulse oximetry. Patients were encouraged to exercise to exhaustion. A peak
respiratory exchange rate of 1.05 during testing was considered a maximally performed
test. Each test consisted of three phases: 1) a 1-min resting phase; 2) a phase with gradual
or stepwise increments of 10 to 15 W/min; and 3) a 3-min recovery phase. Peak workload,
oxygen pulse (O2-pulse) and maximal oxygen consumption (VO2max) were included as the
percentage of predicted value (%Pred) for gender and age. The minute ventilation to carbon
dioxide production slope (VE/VCO2 slope) was measured from the start of exercise until the
respiratory compensation point.
Statistical analysis
Statistical analysis was performed using SPSS statistics version 25 (IBM, Armonk, New York,
USA). Data is presented as mean ± standard deviation (SD) or median and interquartile
range (IQR), based on normality of data. Normality of data was verified using QQ-plots. For
correlation of echocardiography- and CMR-derived parameters and clinical parameters, the
Spearman rank (rho) or Pearson correlation coefficient (R) were used, depending on normality
of data. The CI grade and TR grade were compared using Cohen’s kappa. A Cohen’s kappa, R
or rho value of ≥ 0.8 was classified as excellent, 0.60 - 0.79 as good, 0.40 - 0.59 as moderate,
and < 0.40 as poor.

Results
Study participants
A total of 23 patients (8-17 years old), underwent both echocardiography and CMR (Figure 2).
The demographic characteristics and functional health status of all 23 patients is shown in
Table 1.
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eligible patients with
EA (8-17 years)
n=33

patient declined
n=5
excluded due to
univentricular palliation
n=2

3

lost to follow-up
n=2

premature ending CMR
n=1

included patients
with EA
n=23

Figure 2. Study inclusion diagram. Two patients were lost to follow-up because of incorrect contact data.
In one patient the CMR was ended prematurely due to anxiety

Table 1. Demographic characteristics and functional health status of all 23 participants
Biographical characteristics

n=23

Male

9 (39)

Age in years

14 (12-15)

Relevant right sided co-morbidity
Pulmonary atresia

2 (9)

Pulmonary stenosis

1 (4)

Relevant left sided co-morbidity
LVNC-cardiomyopathy

1 (4)

Mitral valve dysplasia

1 (4)

Aortic coarctation

1 (4)

Previous TV repaira

5 (20)

VO2max (% predicted)

74 (57-80)

NYHA I

20 (87)

NYHA II

3 (13)

one additional patient received surgical closure of an atrial septal defect type II, and one additional patient had
an end-to-end coarctectomy, both did not have tricuspid valve surgery.

a

LVNC, left-ventricular non-compaction; TV, tricuspid valve; VO2max, maximal oxygen uptake.
Data as number and percentage or interquartile range between brackets
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TAPSE was derived in all patients with echocardiography, fRV-FAC and fRVs’ were acquired
in 17 (74%) and 20 (87%) patients, respectively, and there was the fRV free wall psLS in 20
(87%) patients. The feasibility of the echocardiography-derived MAPSE was 100%. The LVEF
and the psLS LV strain were obtained in seven (30%) and six (26%) patients, respectively. The
feasibility of all predefined CMR-derived parameters was 100%. Echocardiography- and CMRderived parameters for assessment of biventricular function and EA severity scores for each
patient are shown in the Supplementary Table S1.
Assessment of biventricular function
Functional portion of the right ventricle
By echocardiography, it was often difficult to obtain good images of the fRV free wall due to
the balloon-shape of the dilated fRV. Especially in the four-chamber view, the rounded apical
part often bulged out of plane. Although the median fRV-FAC was 38% (33-42) (Table 2),
and within the normal range, TAPSE and fRVs’ were reduced in 39% and 75% of our patients
respectively. Median fRV free wall psLS was reduced with -23.5% (-20.9 to -28.9). TR was
visually graded as mild, moderate or severe in nine, six and eight patients, respectively. For
echocardiographic evaluation of fRV size, short axis views seemed to be more illustrative than
the standard four-chamber view. In the youngest patients, subxiphoid views were helpful.
Table 2. Functional parameters of all 23 participants
Echocardiography

CMR

n=23

n=23

fRV-FAC (%), n=17

38 (33-42)

-

fRVEDV (ml/m2)

-

82 (70-105)

fRVEF (%)

-

49 (36-58)

Mild

9 (39)

9 (39)

Moderate

6 (26)

12 (52)

Severe

TR (n, %)

8 (35)

2 (9)

LVEDV (ml/m2)

-

77 (70-83)

LVEF (%)

-

58 (49-63)

CMR, cardiac magnetic resonance; EDV, end-diastolic volume; EF, ejection fraction; FAC, fractional area change;
fRV, functional portion of the right ventricle; LV, left ventricle; TR, tricuspid valve regurgitation

By CMR, assessment of fRV volumes seemed feasible. The fRVEF was reduced in 15 patients
(65%), with a median of 49% (36-58). Both global and free wall fRV psLS were reduced with
-13.8% (-10.3 to -18.0) and -17.7% (-11.1 to -26.2), respectively. TR was graded as mild, moderate
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or severe in nine, 12 and two patients, respectively. Enlargement of the fRV was seen in 52%
of the patients. The fRV-EDV was even higher than the LV-EDV in 16 out of 23 patients (70%).
The median total right/left-volume index in unrepaired EA patients was 1.5.
Correlation between echocardiography- and CMR-derived parameters demonstrated an
excellent correlation (rho = 0.812, p < 0.001) between fRV-FAC and fRVEF. Both TAPSE
(rho = -0.336, p = 0.117) and fRVs’ (rho = -0.413, p = 0.07) showed a non-significant, but
inverse relation to fRVEF. Echocardiography-derived fRV free wall psLS showed no significant
correlation to fRVEF (r = -0.289, p = 0.217). Although CMR-derived fRV global psLS had a
moderate association with fRVEF (rho = -0.425, p= 0.043), fRV free wall psLS did not (rho =
-0.196, p = 0.369).
Left ventricle
LV function and size were often difficult to assess with echocardiography. The LV focused
four-chamber view was acquired in almost all patients, but the acquisition of a reliable threeor two-chamber view was more challenging. The LV appeared rather compressed and less
spherical, especially in the case of a high displacement index and abnormal interventricular
septal motion. This substantially hampered reliable calculation of the LVEF by the modified
Simpson method and adequate LV feature tracking. Therefore, MAPSE and LVs’ were assessed
for evaluation of the LV long-axis function. MAPSE and LVs’ were reduced in 52% and 71% of
the patients, respectively. In the left parasternal long-axis view, the LV outflow tract often
appeared narrow due to severe septal bulging towards the LV cavity. However, no turbulence
was seen by colour Doppler and peak velocities up to only 1.36 m/s were calculated in the
left ventricular outflow tract in the standard five-chamber view.
By CMR, short-axis cine images for measuring LV volumes were of good quality in almost all
(96%) cases. LVEF was (slightly) decreased in 17 cases (74%) and normal in the remaining
cases. The median LV psLS was reduced by -18.8%; psLS was -19.2% for four-chamber view,
-18.3% for three-chamber view and -19.0% for two-chamber view images. LV-EDV was reduced
in seven (30%) patients.
Correlation between echocardiography- and CMR-derived parameters showed a moderate
correlation (rho = 0.500, p= 0.015) between MAPSE and LVEF. There was no significant cor
relation between MAPSE and CMR-derived LV global psLS (rho = -0.280, p = 0.195), neither
between CMR-derived LV global psLS and LVEF (rho = 0.170, p = 0.438). There was no correlation
between echocardiography-derived LVs’ and CMR-derived LVEF either (rho = 0.148, p = 0.558).
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Comparison of severity scores
There was an excellent correlation (rho = 0.853, p < 0.001) between the displacement index
measured by echocardiography (20.9 mm/m2, 13.4-29.3) and CMR (20.1 mm/m2, 9.5-24.9)
(Figure 3A). Correlation between the CI by echocardiography (0.40, 0.32-0.59) and CMR
(0.41, 0.26-0.59) was excellent as well (rho = 0.837, p < 0.001) (Figure 3B). Translated to
grades, the CI showed similar agreement, according to Cohen’s kappa (0.753, p < 0.001). TR
severity was graded lower by CMR than echocardiography in five patients, and higher in two
patients (Figure 3C). Agreement between both parameters was moderate, as determined by
Cohen’s kappa (0.425, p < 0.001).

Figure 3. Correlations between echocardiography- and CMR-derived Ebstein’s anomaly severity scores:
A) Displacement index; B) Celermajer index and C) TR severity. CMR, cardiac magnetic resonance; TR,
tricuspid regurgitation; TTE, transthoracic echocardiography

Comparison of functional parameters with clinical markers of heart failure
Sixteen patients (70%) performed cardiopulmonary maximum exercise testing until exhaustion.
There was a good correlation between the echocardiography- or CMR-derived displacement
index and the VE/VCO2 slope (rho = 0.703 and rho = 0.792, respectively). There was no
significant correlation between echocardiography- or CMR-derived functional parameters
and results from cardiopulmonary exercise testing (Supplementary Table S2).
Most of the 23 patients (87%) were categorized as New York Heart Association (NYHA) func
tional class I, with only three patients being categorized as functional class II (13%). In the first
NYHA functional class II patient, higher EA severity scores were found, the TR was scored
moderate to severe by echocardiography and the CMR-derived RVEF was severely reduced at
31%. The second and third NYHA functional class II patients, however, showed low EA severity
scores, less TR and the RVEF was within normal range. There were no significant differences
between patients in NYHA functional class I or II regarding the obtained imaging parameters.
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Discussion
This study evaluates the clinical use of echocardiography and CMR in young patients with EA.
By echocardiography, it was often difficult to acquire images encompassing the entire fRV.
Especially in the four-chamber view, the rounded apical part often bulged out of plane. Left
ventricular functional assessment by echocardiography was challenging as well, as the LV
appeared rather compressed and less spherical, especially in the case of a severe displace
ment index and abnormal interventricular septal motion. By CMR, assessment of both fRV and
LV volumes and function was feasible. The correlation between echocardiography-derived
fRV-FAC and CMR-derived fRVEF was excellent. Echocardiography-derived MAPSE and CMRderived LVEF had a moderate correlation. The correlation between echocardiography- and
CMR-derived TR severity was only moderate. Correlation between the displacement index
and the CI as measured by both echocardiography and CMR was excellent. Finally, there was
a good correlation between the echocardiography- and CMR-derived displacement index and
the VE/VCO2 slope. There were no other significant correlations between echocardiographyor CMR-derived functional parameters and functional health status.
In general, the CMR-derived fRVEF is considered the gold standard for functional assessment
of the fRV. Nevertheless, CMR is not widely performed during serial follow-up and imple
mentation can be challenging, especially in younger patients. Echocardiography-derived fRVFAC showed a good correlation with fRVEF. However, echocardiographic acquisition of a
proper fRV view can be difficult in patients with EA. Alternative functional parameters, such
as TAPSE and RVs’ are often used for qualitative assessment of fRV longitudinal function.
TAPSE showed an inverse relation with fRVEF, contradictory to expected findings. It should
be considered that TAPSE is a volume-dependent parameter and thus can overestimate fRV
function in case of severe TR. CMR-derived fRV global psLS showed a significant association
with fRVEF. It would be of great interest to further investigate if reduced fRV global psLS can
predict deterioration of fRV function.
Abnormal interventricular septal motion made assessment of the LV by echocardiography
demanding. Below the hinge point of the TV septal leaflet, the septal wall showed leftward
diastolic displacement, altering LV geometry and reducing cavity size. This was not
counterbalanced by hyperactivity of the LV free wall; MAPSE and LVs’ were reduced in 52%
and 71% of patients, respectively.
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Grading TR severity by echocardiography is difficult. The current recommendations of the
American Society of Echocardiography include jet characteristics, vena contracta width,
hepatic venous backflow and signal density of the regurgitation jet, but these are hardly
applicable in patients with EA. Due to the anterior rotation of the functional TV annulus
towards the RVOT, the TR jet cannot be fully appreciated in a single plane. Furthermore,
the TR usually comprises a various number of jets originating from both coaptation defects
and leaflet fenestrations. This limits accurate assessment of the jet and may result in under
estimation of TR severity. The maximal TR jet velocity might be lower than expected due
to the enlarged right atrium and decreased RV function. Inferior caval vein enlargement
or hepatic vein systolic flow reversal is seen infrequently because of the presence of the
severely enlarged right atrium.
TR quantification by CMR velocity mapping can be challenging as well, as the multiple direc
tions of the regurgitation jets are difficult to encompass in one plane. Moreover, jets may
change direction throughout the cardiac cycle because of the systolic motion of the enlarged
aRV. An alternative method is the indirect quantification of regurgitant volume by subtraction
of the net forward volume determined with velocity mapping of the pulmonary valve from
the fRVSV determined on CINE images. The latter might be more reliable compared to
velocity mapping of the TV. Nevertheless, the measurement is indirect and may suffer from
difficulties in acquisition. In cases of suboptimal velocity encoding parameters or incorrect
positioning and/or angulation, flow characteristics will be misinterpreted. In future studies,
4D flow assessment of valves may offer a solution, providing datasets with multidimensional
possibilities, especially in complex multidirectional flow patterns of the TV in EA.20 Although
promising, studies on 4D flow in patients with EA are limited to case reports.21
Grading EA severity has always been challenging. Several echocardiographic severity
scores have been proposed, of which the Carpentier classification and the CI are the most
commonly used. The Carpentier classification, proposed in 198822, incorporates fRV size and
anatomic features of the TV anterior leaflet, and distinguishes four severity types. However,
this classification has its restrictions because the functional severity is determined by
various components. Furthermore, a combination of types can be seen as well. Therefore,
in 1994, Celermajer et al.16 described an alternative echocardiographic grading score,
initially for neonates, in which the area ratio between the sum of the RA and aRV and
the sum of fRV, LA and LV was calculated. Although this classification was developed for
echocardiography, its value in CMR has been subject to further studies. Cieplucha et al.18
compared the echocardiography- and CMR-derived CI and found a moderate agreement,
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as echocardiography usually overestimated but rarely underestimated EA severity. In our
population, the correlation of the CI between the two imaging modalities was excellent.
In two patients, the CI was higher by CMR as compared to echocardiography, although
the absolute difference was small and thereby one grade only. Calculation of the CI by
echocardiography requires acquisition of an excellent four-chamber view, in which the free
wall of the fRV is completely visible and both the LA and LV are fully appreciated. In our
experience, obtaining such four-chamber views can be problematic. Scoring EA severity by
CMR-derived CI overcomes this difficulty.
By CMR, the median total right/left-volume index in patients with unrepaired EA was 1.5,
with only six patients scoring >2.5. Hösch et al.19 were the first to propose this simplified CMR
measurement for scoring EA severity. They found a relatively high mean total right/left-volume
index of 2.6 ±1.7 (normal value 1.1 ± 0.1) in their EA population. This volume index correlated
with almost all clinically used biomarkers of heart failure and thus was considered to allow a
more accurate assessment of disease severity than previously described scoring systems. The
difference in severity scores between the current population and that of Hösch et al. might be
explained by the mean age of the study groups: 26 ± 14 years for Hösch et al. compared to 13
± 3 years in our cohort. Younger patients may have less severe TR with less dilatation of the
aRV, resulting in lower total right volumes and consequently lower severity scores.
There was a good correlation between the echocardiography- and CMR-derived displace
ment index and the VE/VCO2 slope. There were no other significant correlations between
echocardiography- or CMR-derived parameters and results from cardiopulmonary exercise
testing. This could be explained by the fact that the young EA population showed relatively
good biventricular function and mild EA severity scores. Hypothetically, in patients with
significantly reduced biventricular function and more severe EA, a better correlation with
the functional status might be seen. This emphasizes the relevance of additional paediatric
studies, in larger populations, to further explore the relations between imaging parameters,
functional status and other (hard) outcome measures.

Strengths and limitations
This is the first combined echocardiography and CMR study to specifically target young EA
patients (< 18 years old). The multicentre recruitment of consecutive patients, the broad
age range and the fact that both surgical and non-surgical patients were included, improve
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the generalisability of our results in the general paediatric EA population. Although the
sample size is relatively large for youngsters with EA, the number of patients limits extensive
statistical analysis and decreases statistical power.

Conclusion
With the approach of childhood surgery in patients with EA, thorough imaging has become
crucial for patient selection. Although echocardiography is the most commonly used imaging
modality, it has significant limitations. The complex geometry of the Ebstein heart hinders
reliable echocardiographic assessment of biventricular dimensions and function. CMR, on the
other hand, possesses the advantage of reliable volume assessment of both the left and right
ventricle. For this reason, comprehensive evaluation of paediatric patients with EA requires
both echocardiography and CMR.
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Supplementary Table S1. Echocardiography(e)- and CMR(c)-derived parameter for assessment of biven
tricular function, and Ebstein’s anomaly severity scores of all 23 participants
Pt

Gender

Age

DIe

CIe

Totalc

TRe

R/L

fRVe

fRVc

fRVc

LVc

LVc

FAC

EDV

EF

EDV

EF

M/F

(years)

mm/m2 grade

VI

grade

(%)

ml/m2

(%)

ml/m2

(%)

1

F

15

23.9

2

2.55

1

35

95

36

77

53

2

M

13

-

-

-

1

42

80

63

75

63

3

F

15

8.3

1

1.13

3

nf

70

64

66

58

4

F

12

-

-

-

3

47

99

58

82

49

5

M

9

16.7

1

.89

1

38

53

45

84

45

6

M

16

28.9

2

3.17

3

32

117

39

70

63

7

M

15

-

-

-

3

nf

209

25

71

69

8

M

16

35.1

2

2.20

2

nf

84

25

60

62

9

F

8

45.4

2

2.51

2

nf

80

51

74

46

10

F

17

18.7

1

1.04

1

38

89

39

81

50

11

F

14

21.1

1

1.49

2

41

67

57

59

65

12

F

12

31.7

1

2.77

3

28

108

22

45

40

13

F

10

15.7

1

1.73

3

40

44

55

48

41

14

F

16

30.4

1

1.46

2

41

72

63

75

66

15

M

12

14.3

2

2.95

3

34

134

31

81

55

16

F

13

-

-

-

2

11

137

32

83

61

17

F

15

8.0

1

1.45

2

58

82

64

90

56

18

M

11

-

-

-

1

nf

105

47

84

58

19

F

17

26.7

1

1.67

1

32

81

44

76

63

20

M

14

20.7

1

1.36

1

41

99

53

91

59

21

M

15

21.7

1

1.38

1

46

65

49

78

61

22

F

12

9.8

1

1.16

3

34

78

56

91

58

23

F

10

10.7

1

.80

1

35

44

59

78

48

3

CI, Celermajer index; DI, displacement index; EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic
volume; F, female; FAC, fractional area change; fRV, functional portion of the right ventricle; LV, left ventricle;
M, male; nf, not feasible; Pt, patient; Total R/L VI, total right/left volume index; TR, tricuspid regurgitation.
Displacement index and severity scores were only calculated in non-surgical patients
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Supplementary Table S2. Correlation between echocardiography- and CMR-derived functional para
meters, Ebstein’s anomaly severity scores and cardiopulmonary exercise testing results
Parameters

Peak Workload

O2-pulse

VO2max

VE/VCO2

(%Pred)

(%Pred)

(%Pred)

slope

rho

p

rho

p

rho

p

rho

CMR Displacement index

-0.077

0.812

-0.249

0.487

-0.166

0.607

0.792

p
0.011

TTE Displacement index

0.047

0.878

-0.009 0.980

-0.115

0.722

0.703

0.023

CMR Celermajer index

0.312

0.324

-0.292

0.413

-0.138

0.670

0.400

0.286

TTE Celermajer index

0.282

0.374

-0.028 0.938

0.075

0.817

0.519

0.152

TTE fRV-FAC

-0.196

0.501

0.013

0.968

-0.009 0.976

-0.341

0.304

CMR fRVEF

-0.176

0.515

0.092

0.764

-0.120

0.671

-0.323

0.306

CMR LVEF

-0.119

0.660

0.316

0.292

0.141

0.617

-0.319

0.312

O2-pulse, oxygen-pulse; rho, Spearman rank; TTE, transthoracic echocardiography; VCO2, carbon dioxide
production; VE, minute ventilation; %Pred, percentage of predicted value for gender and age. For other
abbreviations, see Table 1 and 2
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Ebstein’s anomaly and aortic arch lesions: When right meets left

Dear Editor,
Ebstein’s anomaly is generally considered as a right-sided heart lesion. Due to incomplete
delamination, the hinge points of the tricuspid valve leaflets are displaced towards the
outflow of the right ventricle, creating a functional tricuspid annulus below the true anatomic
annulus. The severity of this malformation varies from mild, with few or no clinical findings,
to a severe anomaly incompatible with life.1 We describe six patients that presented with
Ebstein’s anomaly and an aortic arch lesion. To the best of our knowledge, the combination of
this specific right- and left-sided heart lesion has not been previously described.

4

The first four patients presented in the neonatal period with cyanosis, hepatomegaly and
respiratory insufficiency. They were diagnosed with Ebstein’s anomaly and an aortic arch
lesion (Table 1).
In all four patients, a successful repair of the aortic arch was performed. However, one patient
died four weeks after surgery due to sepsis.
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Typ A Interruption

Coarctation

Coarctation

Coarctation

Coarctation

Coarctation

1

2

3

4

5

6

III

II

IV

IV

IV

IV

NYHA

Complete RBBB

P-pulmonale

Pre-excitation

N/A

Incomplete RBBB

P-pulmonale

N/A

P-pulmonalea

ECG

++

++

+

+++

+

+

TR

+

+

+

+

+

+

ASDII

PFO/

-

+

-

-

+

+

VSD

End-to-End Repair

Closure VSD

Partial closure ASD

End-to-Side Repair

Closure ASD

Patch reconstruction of aortic arch

End-to-Side Repair

End-to-End Repair

PA-Banding

Patch reconstruction of aortic arch

End-to-End Repair

Chylothorax

SVT

SVT

None

None

-

-

-

-

-

S. Aureus Sepsis

Closure ASD
None

+

Third-Degree AV-Block

Closure VSD

Death

after Surgery

Complications
End-to-Side Repair

Type of Surgery

aDefined as P wave ≥ 0.25mV in lead II

ASDII, atrial septal defect typ II; AV, atrioventricular; ECG, Electrocardiography; N/A, not available; NYHA, New York Heart Association Functional Classification; PA,
pulmonary artery; PFO, persistent foramen ovale; RBBB, right bundle branch block; SVT, supraventricular tachycardia; TR, tricuspid regurgitation; VSD, ventricular septal
defect

aortic arch lesion

Patient

Typ of

Table 1. Characteristics of six patients with Ebstein’s anomaly and aortic arch lesions
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Patient 5 was diagnosed in utero with Ebstein’s anomaly, a muscular ventricular septal defect
and a severe aortic coarctation (Figure 1).
570
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Fig. 1. ECG and echocardiography of a neonate with Ebstein's anomaly and an aortic coarctation. A and B. ECG showing pre-excitation before surgery and a supraventricular tachycardia
(SVT) after surgery (1, start SVT; 2, end SVT). C. 4-Chamber view (apex up) of the Ebstein's anomaly showing a grossly displaced septal leaﬂet (arrow). Furthermore, the midmuscular
ventricular septal defect can be seen (*). The functional right ventricle (fRV) is small. aRV indicates atrialized right ventricle; LA, left atrium; LV, left ventricle; RA, right atrium. D.
Suprasternal long axis view of the aortic arch showing the aortic coarctation (arrow). E. Doppler echocardiography demonstrating the coarctation gradient with a peak ﬂow velocity in
the descending aorta of 3.3 m/s, comparable to a gradient of 44 mm Hg.

Figure 1. ECG and echocardiography of a neonate with Ebstein’s anomaly and an aortic coarctation. A
and B. ECG showing pre-excitation before surgery and a supraventricular tachycardia (SVT) after surgery
(1, start SVT; 2, end SVT). C. 4-Chamber view (apex up) of the Ebstein’s anomaly showing a grossly
displaced septal leaflet (arrow). Furthermore, the midmuscular ventricular septal defect can be seen (*).
The functional right ventricle (fRV) is small. aRV indicates atrialised right ventricle; LA, left atrium; LV, left
ventricle; RA, right atrium. D. Suprasternal long axis view of the aortic arch showing the aortic coarctation
(arrow). E. Doppler echocardiography demonstrating the coarctation gradient with a peak flow velocity
in the descending aorta of 3.3 m/s, comparable to a gradient of 44 mmHg

As a new-born, the aortic arch was repaired, the ventricular septal defect was closed and the
atrial septal defect was partially closed. After surgery, the patient developed supraventricular
tachycardia. He was successfully treated with a betablocker.
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Part I | Chapter 4

Patient 6 was diagnosed as well in utero with Ebstein’s anomaly. She appeared in good clinical
condition and was discharged five days after birth. Follow up was performed at the outpatient
clinic. Two months later she experienced cyanosis, mild tachy-dyspnoea and difficulty feeding.
The echocardiogram revealed an aortic coarctation and impaired left ventricular function
(Shortening Fraction 20%), which were not shown earlier. The following day, an end-to-end
repair of the aortic arch was performed. After surgery she developed supraventricular tachycardia and a chylothorax. She was successfully treated with Digoxin and a medium-chain
triglyceride diet.
Aortic arch lesions are not the only left-sided heart lesions found in patients with Ebstein’s
anomaly. We created a unique ongoing cohort of paediatric patients with Ebstein’s anomaly
in the Netherlands. We collected data of all consecutive patients born after 1980 when
echocardiography became generally available in the Netherlands. Up until now we have
included 176 patients. In 19/176 (11%) of these patients left sided heart anomalies were seen.
These include the six patients with an aortic arch lesion (one with a bicuspid aortic valve), five
patients with non-compaction left ventricle (one with a mitral valve cleft), four with a bicuspid
aortic valve, three patients with mitral valve anomalies (two with a prolapse, one with a
hypoplastic mitral valve) and one patient with a congenital tricuspid aortic valve stenosis.
Little is published about Ebstein’s anomaly and left-sided heart lesions. In 2005, Attenhofer
Jost et al. described 106 patients with Ebstein’s anomaly.2 They found left ventricular
myocardial changes resembling non-compaction, mitral valve prolapse, bicuspid aortic valve
and mitral valve dysplasia in resp. 18%, 15%, 8% and 4% of their population. No aortic arch
lesion is described. Others have reported non-compaction of the left ventricle3–5, mitral valve
prolapse6–9, mitral valve cleft and bicuspid aortic valve.10
In conclusion, when diagnosing Ebstein’s anomaly, one should carefully search for left-sided
heart lesions as well as aortic arch lesions.
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Abstract
Background
Forecasting the prognosis of a child when diagnosed with Ebstein’s anomaly is difficult. We,
therefore, studied which factors at the time of diagnosis are associated with death during
childhood.
Methods
All consecutive patients (0-18 years) diagnosed with Ebstein’s anomaly in the Netherlands
between 1980 and 2014 were included. Survival curves were obtained using the Kaplan-Meier
method. By using the Cox proportional hazard model, we analysed the factors (at diagnosis)
that were associated with death.
Results
We included 176 patients. Thirty-one patients (18%) died before the age of 18 years. The
1-year survival was 84% and remained stable at 82% from 35 months after diagnosis and
onwards. Modified Ross Heart Failure class 4 at the time of diagnosis was the most important
risk factor for death during childhood (Hazard Ratio, HR 12.5; 95% Confidence Interval,
95% CI 4.4–35.9). Furthermore, diagnosis in the neonatal period (HR 4.2; 95% CI 1.5–12.0),
severe tricuspid regurgitation (HR 2.4, 95% CI 1.2–5.0), severe right ventricular outflow tract
obstruction (HR 3.7, 95% CI 1.8–7.7), and a patent ductus arteriosus (HR 2.8, 95% CI 1.3–
6.0) at the time of diagnosis were univariately associated with death. Multivariable analysis
showed that presentation with Heart Failure class 4 and a ventricular septal defect is the
strongest predictor of death in childhood and adolescence.
Conclusion
Ebstein’s anomaly patients presenting with Heart Failure class 4 and a ventricular septal
defect have a high risk of death during childhood.
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Introduction
Ebstein’s anomaly accounts for 1% of all congenital heart diseases and is characterised by
displacement of the effective tricuspid valve orifice towards the right ventricular outflow tract
(RVOT).1,2 The extent of this displacement varies from a minor malformation with no clinical
symptoms to major cardiac abnormalities resulting in early death.2 Forecasting the prognosis
of a child when diagnosed with Ebstein’s anomaly is difficult for the treating physician.
However, this is important for establishing treatment options and for counselling the parents.
Because of the rarity of the disease, up-to-date large studies of factors at the time of
diagnosis associated with death during childhood are scarce. Previously described predictive
factors include presentation in utero or at an age ≤ 12 months, male sex, hepatomegaly, New
York Heart Association (NYHA) class III or IV, need for medication or mechanical ventilation
at presentation, atrial septal defect ≥ 4mm, right atrial area index (ratio of right atrium to the
combined area of the functional right ventricle and left heart) > 1, the absence of antegrade
flow across the pulmonary valve (PV), pulmonary regurgitation (PR), presence of a patent
ductus arteriosus (PDA) or ventricular septal defect (VSD) and a cardiothoracic ratio ≥ 0.65.310

Most of these factors are associated with death during the course of disease, not at

presentation. Furthermore, they do not differentiate between death during childhood and
death during adulthood.
We have collected data of all paediatric patients (0–18 years) diagnosed with Ebstein’s
anomaly since 1980 in the Netherlands. In 2007, we described overall factors associated
with death in a cohort of 93 patients.4 We did not differentiate between risk factors at the
time of diagnosis and risk factors later in life. Furthermore, we did not differentiate between
neonates and older children. No functional classification was included. In the current study,
we analysed risk factors for death during childhood and adolescence at the time of diagnosis
of Ebstein’s anomaly.

Patients and methods
All consecutive patients between 0 and 18 years of age, diagnosed with Ebstein’s anomaly in
the Netherlands between 1980 and 2014, were included in our cohort. Diagnosis of Ebstein’s
anomaly relied on transthoracic echocardiography; the criterion was apical displacement of
the tricuspid valve from the atrioventricular ring ≥ 0.8 cm/m2 body surface area.11
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Demographic data, clinical symptoms and medical treatment at the time of diagnosis
were noted. Disease severity was classified according to the modified Ross Heart Failure
Classification for children.12,13 Data from chest X-rays, ECG and echocardiograms at the
time of diagnosis were included. Furthermore, we collected all available clinical data until
the patient reached 18 years of age. Patients with congenitally corrected transposition of
the great arteries were not included. Based on previous studies, the following risk factors
were studied: diagnosis in the neonatal period (0–30 days), modified Ross Heart Failure
Classification, severe tricuspid regurgitation (TR), severe RVOTO, PR and the presence of a
PDA or VSD. This study was evaluated by the institutional review board.
Statistical methods
Length of survival was defined as the time between diagnosis and death. Patients still alive
were censored at the date of last contact with each individual patient. Survival curves were
obtained using the Kaplan-Meier method. The Hazard Ratio (HR) for each risk factor, with a
95% Confidence Interval (CI), was obtained with the Cox proportional hazard model. The final
model was obtained by forward selection based on the p value of the likelihood ratio test.
All reported p values are two sided, and a p < 0.05 was considered to indicate statistical
significance. We used SPSS V.20 for data analysis.

Results
Data from 183 paediatric patients diagnosed with Ebstein’s anomaly were collected. Seven
patients were excluded: four patients were misdiagnosed, two patients had an incomplete
record and one patient was adopted and had no clinical information available at the time
of diagnosis. Finally, 176 patients were included in this multicentre study. Because prenatal
screening was not routinely performed in the first two decades of our study period, only 23
patients were antenatally detected, with confirmation of diagnosis after birth. Twenty-one
patients in this subgroup were diagnosed and born after the year 2000. Of the 176 patients,
112 were diagnosed in the neonatal period. Forty-eight patients were older than one year at
diagnosis, the oldest patient being 15 years old. Table 1 shows the patient characteristics at
the time of diagnosis.
The median time of follow-up after diagnosis was 89 months (range 0–216). The majority of
the patients (65/112) diagnosed in the neonatal period were severely ill, being classified as
Heart Failure Class 4 at the time of diagnosis. Remarkably, antenatally detected patients did
88
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not present in a worse condition than the patients diagnosed in the neonatal period (57%
presented in Heart Failure Class 4 vs 58% in the latter group).
Table 1. Characteristics at the time of diagnosis of 176 paediatric patients with Ebstein’s anomaly
Total

Diagnosis < 1 month

Diagnosis ≥ 1 month

n=176 (%)

n=112 (%)

n=64 (%)

89 (51)

60 (54)

29 (45)

Class 1

58 (33)

21 (19)

37 (58)

Class 2

46 (26)

25 (22)

21 (33)

Class 3

3 (2)

1 (1)

2 (3)

Class 4

69 (39)

65 (58)

4 (6)

Cyanosis

73 (42)

65 (58)

8 (13)

Dyspnoea

50 (28)

46 (41)

4 (6)

Tachypnoea

55 (31)

49 (44)

6 (9)

Hepatomegaly

28 (16)

24 (21)

4 (6)

Heart murmur

132 (75)

77 (69)

55 (86)

Arrhythmia

26 (15)

14 (13)

12 (19)

Beta-blocker

8 (5)

4 (4)

4 (6)

ACE-inhibitor

2 (1)

1 (1)

1 (2)

Diuretics

36 (21)

30 (27)

6 (9)

Digitalis

28 (16)

22 (20)

6 (9)

Prostaglandin E1

50 (28)

50 (45)

N/A

Inotropes

18 (10)

17 (15)

1 (2)

Otherb

38 (22)

33 (30)

5 (8)

47 (27)

46 (41)

1 (2)

Male
Heart Failure classificationa

Symptoms

5

Medication

Mechanical ventilation

ACE, Angiotensin-converting enzyme
Classified by the modified Ross Heart Failure Classification for Children

a

Other medication included adenosine, amiodarone, antibiotics, anticoagulants, benzodiazepins, carbasalaatcalcium, coffein, cytostatics (for treating leukaemia), doxapram hydrochloride, epoprostenol sodium, indomethacin,
isoprenaline, milrinone, morphin, nitric oxide, oxygen, pancuronium, propafenon, sodium bicarbonate, steroids,
and surfactant
b

A chest X-ray at the time of diagnosis was available for 127 of our patients. In 38 patients
(30%), the cardiothoracic ratio was ≥ 0.65. A decreased pulmonary vascularity was seen in 25
patients, and in 17 patients the pulmonary vascularity was increased. An ECG at the time of
diagnosis was available for 149 of our patients. Nine patients presented with supraventricular
tachycardia. In 44 patients, a peaked P-wave (> 2.5mm in lead II) was recorded and the PR interval was prolonged in 29 patients. Pre-excitation on the ECG was seen in 21 patients at presentation. We found an incomplete right bundle branch block in 36 patients and a complete right
bundle branch block in 12 patients. Two patients presented with a left bundle branch block.
89

Part II | Chapter 5

Cardiac comorbidity based on echocardiography is presented in Table 2. Seventy-nine patients
had a PDA, 40 patients showed severe TR, and 29 patients had severe RVOTO. Cardiac
comorbidity was not significantly different between the 23 patients diagnosed in utero and
the patients diagnosed in the neonatal period, for example, severe TR (18% vs 35%), severe
RVOTO (26% vs 20%) or the presence of a VSD (9% vs 20%).
Table 2. Cardiac comorbidity in 176 paediatric patients with Ebstein’s anomaly
Total
n=176 (%)
PFO/ASD

115 (65)

Ventricular septal defect

29 (17)

Patent ductus arteriosus

79 (45)

Tricuspid regurgitationa

155 (89)

Mild

50 (28)

Moderate

63 (36)

Severe

40 (23)

Tricuspid stenosis

6

Severe RVOTO

29 (17)

(3)

Pulmonary regurgitation

22 (13)

Hypoplastic/stenotic RPA/LPA

27 (15)

Pulmonary vein anomalyb

3

(2)

Mitral valve anomalyc

5

(3)

Non-compaction of the left ventricle

5

(3)

Aortic valve anomalyd

7

(4)

Aortic coarctation

7

(4)

Othere

2

(1)

ASD, atrial septal defect; LPA, left pulmonary artery; PFO, patent foramen ovale; RPA, right pulmonary artery;
RVOTO, right ventricular outflow tract obstruction
In two patients the severity of the tricuspid regurgitation at the time of diagnosis was unknown

a

Including partial anomalous pulmonary venous connection (n=1), total anomalous pulmonary venous

b

connection (n=1), and severe pulmonary vein stenosis (n=1)
c

Including mitral valve prolapse (n=2), hypoplasia (n=1), presence of a cleft (n=1), unspecified (n=1)
Including bicuspid aortic valve (n=6) and aortic valve stenosis (n=1)

d

Including double outlet right ventricle (n=1) and hypertrophic cardiomyopathy (n=1)

e

Death
Thirty-one patients (18%) died before the age of 18 years. Fifteen patients died before the
year 2000 (included n=86) and 16 patients died in or after the year 2000 (included n=90).
Five of the deceased patients were diagnosed in utero, while 22 were diagnosed in the
neonatal period. Almost half of the patients (n=14) died due to heart failure or low cardiac
output syndrome. The median age at death was less than 1 month (range 0–49 months).
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The 1-year survival was 84%. One patient died 35 months after diagnosis and then survival
remained stable at 82%. Patients diagnosed in the neonatal period had a worse survival
rate compared with patients diagnosed after the neonatal period (HR 4.2 with 95%CI 1.5 to
12.0), with a one-year survival rate of 78% and 95%, respectively (Figure 1). Twelve of the 16
patients who died during the first month of life were treated palliatively. Unfortunately, there
is no detailed information available about the arguments used to come to this decision.
Twenty-seven of the deceased patients (87%) presented with Heart Failure Class 4 at the
time of diagnosis. A cardiothoracic ratio of ≥ 0.65 was seen in 12 of the 28 deceased patients
with an available chest X-ray. Two patients presented with arrhythmias, and two patients
showed pre-excitation on the ECG. Twenty-one of the deceased patients had a PDA, 12
patients had severe RVOTO, 12 patients showed severe TR and nine patients had a VSD. One
patient was diagnosed with Saethre-Chotzen syndrome, one patient showed dysmorphic
features without a confirmed diagnosis and one patient had a mitochondrial disease. Eleven
patients who underwent cardiac catheterisation died, while three had an intervention: two
Rashkind procedures and one PV balloon valvuloplasty. All three patients died before cardiac
surgery was performed. Ten of the 64 patients who underwent cardiac surgery died.

Figure 1. Survival of paediatric patients diagnosed with Ebstein’s anomaly in the neonatal period versus
patients diagnosed after the neonatal period
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Factors at the time of diagnosis associated with death
For the overall population, Heart Failure Class 4 at the time of diagnosis was the most
important univariate factor associated with death (HR 12.5, 95%CI 4.4 to 35.9; Table 3)
Other significant factors included diagnosis in the neonatal period, severe TR, severe RVOTO
and the presence of a PDA. Cox regression with forward selection of risk factors revealed
that, accounting for Heart Failure Class 4, comorbidity of a VSD was an additional risk factor
for death (Table 3, Figure 2).

Figure 2. Survival after diagnosis in patients with or without heart failure (HF) class 4 and with or without
a ventricular septal defect (VSD)

Because diagnosis in the neonatal period was significantly associated with death, we
analysed risk factors for this subgroup separately. Presentation in Heart Failure Class 4 and
severe RVOTO were significantly associated with death, whereas severe TR, PR, the presence
of a PDA or a VSD were not (Table 3).
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12.5
2.4
3.7
1.5
2.8
2.1

Severe tricuspid regurgitation

Severe RVOTO

Pulmonary regurgitation

Patent ductus arteriosus

Ventricular septal defect

1.0–4.8

4.4–36.3

1.0–4.6

1.3–6.0

0.6-3.9

1.8–7.7

1.2–5.0

4.4–35.9

1.5–12.0

95% CI

n=176

0.049

<0.001

0.061

0.007

0.428

<0.001

0.018

<0.001

0.007

of Wald test

p-value

Total population

a

Classified by the modified Ross Heart Failure Classification for Children

CI, Confidence Interval; HR, Hazard Ratio; RVOTO, right ventricular outflow tract obstruction

12.7
2.2

Heart Failure Class 4

Ventricular septal defect

Multivariate

4.2

Heart Failure Class 4a

HR

Diagnosis < 1 month

Univariate

Variable

Table 3. Factors at the time of diagnosis of Ebstein’s anomaly associated with death

95% CI

2.5-45
1-4.5
1.1-5.4
0.6-4.2
0.8-8.5
0.7-3.8

HR

10.7
2.1
2.5
1.6
2.5
1.6

n=112

Neonates

0.290

0.130

0.355

0.024

0.06

0.001

of Wald test

p-value
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Discussion
Forecasting the prognosis of a child is difficult for treating physicians. This holds true es
pecially for rare diseases with various presentations as Ebstein’s anomaly. We, therefore,
focused on factors that are associated with death at the time of diagnosis and found that
modified Ross Heart Failure Class 4 at presentation was the most important risk factor for
death during childhood or adolescence.
We present the results of one of Europe’s largest cohorts of paediatric patients with Ebstein’s
anomaly. Most studies on the outcome of patients with Ebstein’s anomaly include a mixed
population of foetuses, neonates, children and adults. To create a more homogenous study
cohort, we only included patients diagnosed with Ebstein’s anomaly between 0 and 18 years
of age. Eighteen per cent of our patients died before they reached 18 years of age. The
one-year survival rate was 84%. One patient died 35 months after diagnosis and then survival
remained stable at 82%. It is difficult to compare our results with other studies for several
reasons. First, most large studies include patients diagnosed in adulthood as well.3,5,10 We
believe that patients diagnosed in adulthood with Ebstein’s anomaly might have different
outcomes from those patients diagnosed during the neonatal period or later in childhood.
Second, most studies include patients diagnosed before 1980,3,5,7,10 and one can question
whether Ebstein’s anomaly could be diagnosed correctly then.
The results of the current study are of clinical relevance for several reasons. First, when we
diagnose a child with Ebstein’s anomaly, we must consider the child’s age at the time of
diagnosis. Children with an Ebstein’s anomaly that are diagnosed within the first 30 days of
life only have a one-year survival of 78% compared with 95% for patients diagnosed after
the neonatal period. This confirms previous studies that describe unfavourable outcomes in
neonates with Ebstein’s anomaly. McElhinney et al.8 described 49 live-born neonates of whom
35 (71%) survived to hospital discharge and beyond one month of age. Yu et al.9 examined 59
neonates and showed a one- and five-year survival rate of 79% and 76%, respectively. More
recently, Freud et al.15 studied perinatal mortality in foetuses with Ebstein’s anomaly or tricuspid
valve dysplasia in the current era and found an overall perinatal mortality of 45%. In our previous
study of 2007, we found that presentation within the first 12 months of life was associated with
death. In the current study, this period appears to be limited to the neonatal period.
Second, when the child presents in an unstable clinical condition (modified Ross Heart
Failure Class 4), the risk of death during childhood is already high. Whereas, when the
94

How clinical presentation predicts mortality

child is perfectly stable at the time of diagnosis with Ebstein’s anomaly, the prognosis is
good. Previous studies have described NYHA class III or IV as a risk factor for death.5,6 This
classification, however, is less applicable to children, especially to neonates. In 1992, Ross et
al.12 suggested a new classification to provide a global assessment of heart failure severity in
infants. Subsequently, it has been modified to apply to all paediatric ages. The modified Ross
Heart Failure Classification incorporates feeding difficulties, growth problems and symptoms
of exercise intolerance into a numeric score comparable with the NYHA classification for
adults.13 It, therefore, better reflects the clinical condition of the child. In 2007, we did not
include functional classification in our study. However, we did find that hepatomegaly and the
need for medication and mechanical ventilation at presentation were all factors associated
with death. We believe that in the current study these factors are all well represented in
the modified Ross Heart Failure Classification. This provides a simpler way of classifying the
severity of heart failure.
Finally, when the child presents with Heart Failure Class 4, a VSD increases the risk of dying.
We speculate that in children, especially neonates, with suprasystemic right ventricular
pressure, this additional right to left shunting through the VSD leads to decreased filling of
the right ventricle and, therefore, decreases the forward flow through the PV. In 2007, we
found that the presence of a VSD was significantly associated with death. We, therefore,
reanalysed the presence of a VSD as a risk factor for death in this cohort of almost twice
the size. The importance of a VSD was confirmed. Other risk factors for death that we could
confirm by the current study were severe TR, severe RVOTO and the presence of a PDA. We
believe that the latter plays an important role in maintaining circular shunting as previously
described by Freud et al..15 A decreased forward flow over the PV may lead to retrograde
ductal flow increasing the afterload of the right ventricle.

Limitations
This is a retrospective multicentre study. We included all liveborn patients diagnosed with
Ebstein’s anomaly since 1980. In the first two decades of the study period, echocardiographic
studies were not often performed prenatally. Therefore, data on patients who died before birth
could not be included in the present study. Two classifications are often used for describing
disease severity: the Celermajer index and the Carpentier classification.3,16 Both of them were
not introduced yet in 1980. Consequently, both classifications could not be applied to our
entire cohort. Alternatively, we included more commonly used echocardiographic parameters
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for example, severity of the tricuspid regurgitation, the presence of severe RVOTO and the
presence of a PDA.
Although we present a large paediatric cohort with a rare disease, the number of casualties
is statistically still too small for analysing a large number of risk factors and performing an
extended multivariable analysis.

Conclusion
We present the results of one of Europe’s largest cohorts of paediatric patients with Ebstein’s
anomaly. Eighteen per cent of our patients died during childhood and adolescence. The 1-year
survival was 84%. One patient died 35 months after diagnosis, and then survival remained
stable at 82%. Heart Failure Class 4 at the time of diagnosis is the most important risk factor
for death during childhood. Comorbidity of a VSD appears to increase this risk.
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Abstract
Objective
Surgical outcomes of paediatric patients with Ebstein’s anomaly are often described as part
of all-age-inclusive series. Our objective is to focus on patients treated surgically in child
hood (0-18 years). We study the intended treatment (biventricular or 1.5 ventricle repair or
univentricular palliation), freedom from unplanned reoperation and survival of this specific
age group, in a nationwide study.
Design
Records of all Ebstein’s anomaly patients born between 1980 and 2013 were reviewed. Demo
graphic variables, intraoperative procedures and postoperative outcomes were analysed.
Results
Sixty-three patients underwent 109 operations. Median follow-up after diagnosis was 121
months (range 0-216 months). Twenty-nine (46%) patients required surgery in the first year
of life, including 21 who required neonatal surgery. The intended treatment was biventricular
(n=37, 59%) and 1.5 ventricle (n=5, 8%) repair or univentricular (n=21, 33%) palliation. The one-,
five-, and 10-year freedom from unplanned reoperation was 89%, 79%, and 75% respectively.
There were nine (14%) in hospital deaths (within 30 d after surgery). Causes of death were
low cardiac output syndrome, cardiac failure, hypoxemia, pulmonary hypertension or an
unknown cause. There were no late deaths.
Conclusions
Surgery in childhood represents the worse spectrum of disease, biventricular repair is often
not applied. Patients often face revision surgery. Mortality is limited to the immediate post
surgical period.
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Introduction
Ebstein’s anomaly is a complex, congenital disorder characterized by displacement of the effec
tive tricuspid valve (TV) orifice toward the right ventricular apex.1 Management depends on
the severity of clinical symptoms and the haemodynamic consequences of the malformation.
The objectives of surgical intervention are to reduce the severity and haemodynamic sequelae
of TV regurgitation; to reduce hypoxaemia and to tackle intractable tachyarrhythmias.2 A
number of biventricular repair methods including various modifications in technique have been
described.3-6 When TV reconstruction is considered impossible it may be necessary to implant a
prosthetic TV to achieve biventricular repair.5 A bidirectional cavopulmonary connection may be
added (1.5 ventricle repair) to unload a malfunctioning right ventricle (RV).5-7 When biventricular
or 1.5 ventricle repair is not possible, a (usually staged) univentricular palliation is performed.
The TV may be closed with a patch containing a small perforation to avoid excessive dilatation
of the RV, as in a Starnes operation.8,9 The interatrial communication is enlarged and a (modified)
Blalock-Taussig (BT) shunt is inserted. In some cases, right atrial reduction is performed.
Studies on surgical outcomes in patients with Ebstein’s anomaly often include a majority of
adults; consequently, long-term outcomes of usually biventricular repair are generally good.
Sarris et al.10 concluded that there was a negative association between mortality and age at
surgery, with higher mortality in neonates and infants. Reports on complete cohorts of young
patients are, however, scarce. Such studies rarely consider surgical outcomes of an overall
study group and inherently may contain a selection bias.
We therefore reviewed outcomes of a complete cohort of Dutch neonates, children and ado
lescents till 18 years of age with Ebstein’s anomaly treated with surgery. We studied cases
requiring neonatal surgery as a separate subgroup. We analysed freedom from unplanned
reoperation and survival during childhood.

Methods
All six Dutch paediatric heart centres included all patients diagnosed with Ebstein’s anomaly
born between 1980 and 2013. Diagnosis relied on transthoracic echocardiography; the
criterion was apical displacement of the TV from the atrioventricular ring ≥ 0.8 cm/m2 body
surface area.11 Diagnosis was confirmed during surgery. Some patients were analysed in our
group’s earlier study of factors associated with death.12 The present study included only those
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patients with an indication for surgery during childhood. Data on demographic variables,
intraoperative procedures and postoperative outcomes were collected retrospectively.
Disease severity was classified according to the modified Ross Heart Failure Classification
for children.13 We analysed all available follow-up data before the patient reached 18 years.
The intended surgical strategy could be either a biventricular or 1.5 ventricle repair or uni
ventricular palliation. The decision for the type of repair was based on the size of the RV,
the size of the TV annulus and the size of the pulmonary artery in addition to the severity
of the tricuspid regurgitation (TR). A biventricular repair was performed in patients with a
retained RV function and a favourable anatomy and function of the RV in the absence of
severe pulmonary valve stenosis (PS) or atresia (PA). In patients with extensive RV failure,
severe TR and/or the presence of other relevant cardiac comorbidity, e.g. PA, a univentricular
palliation was the intended surgical strategy. All operations have been analysed as separate
events. Operations which were not part of the original strategy for achieving the intended
biventricular or 1.5 ventricle repair or univentricular palliation were categorized as unplanned
reoperations. Patients requiring surgery within the neonatal period were analysed separately
as well. The survival curve was obtained using the Kaplan-Meier method.

Results
Patients
Figure 1 shows the enrolment of our 63 patients that underwent surgery for their Ebstein’s
anomaly and/or associated anomalies.
diagnosis of EA
n=184
exclusion:
- comorbidity of ccTGA, n=6
- incomplete documentation, n=2
inclusion
n=176

EA Surgery
n=63

no EA surgery
n=113

Figure 1. Enrolment of 63 paediatric patients diagnosed with Ebstein’s anomaly that underwent Ebstein’s
anomaly related cardiac surgery during childhood or adolescence
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The median age at diagnosis was zero months (range: 0–112 months). The median follow-up
duration was 121 months (range: 0–216 months). Patient characteristics are presented in
Table 1.
Table 1. Demographic data and clinical characteristics at presentation
Total,
n=63 (%)
Male

30 (48)

At Presentation
Median age in months [min; max]

0 [0; 112]

Age < 1month

45 (71)

Heart failure Class 4

34 (54)

Cyanosis

33 (52)

Mechanical ventilation

22 (35)

Type of associated anomaly
ASD/PFO

50 (79)

VSD

14 (22)

Severe PV anomalya

15 (24)

Aortic coarctation

5 (8)

Otherb

5 (8)

6

Severity of tricuspid regurgitation
Mild

13 (21)

Moderate

20 (32)

Severe

21 (33)

ASD, atrial septal defect; PFO, patent foramen ovale; PV, pulmonary valve; VSD, ventricular septal defect
Anomaly including severe pulmonary valve stenosis and functional and anatomic pulmonary valve atresia

a

Including noncompaction (n=2), bicuspid aortic valve (n=1), mitral valve hypoplasia (n=1), partial anomalous
pulmonary venous return (n=1)
b

In two patients the severity of TV regurgitation could not be classified at presentation

Cardiac catheterization
Sixteen patients underwent at least one interventional cardiac catheterization. In four patients
the atrial septal defect (ASD) was closed with a device; in one of them a balloon valvoplasty
of the PV was performed simultaneously. In two cases ASD closure was performed before
the first surgery and in two cases it was performed after the last surgery. In a fifth patient
a balloon valvoplasty of the PV was performed, but an unplanned surgical commissurotomy
of the PV was required the following day due to haemodynamic instability. A sixth and
seventh patients underwent a radiofrequency perforation of an atretic PV before any surgical
intervention. Both patients suffered perforation of the right ventricular outflow tract requiring
103

Part II | Chapter 6

emergency surgery. The remaining nine patients underwent an ablation during the cardiac
catheterization. None of the latter patients died.
Operations
The median age at first operation was 26 months (range: 0–203 months). Twenty-nine
patients (46%) were operated during the first year of life, including 21 requiring surgery
within the neonatal period (0–30 d). The surgical strategy was defined by the policy of the
local hospital and followed international practice as described in the methods. The intended
strategy was biventricular repair in 37 patients (59%), 1.5 ventricle repair in five patients (8%)
and univentricular palliation in 21 patients (33%); however, in nine patients (14%) the final
repair was a cross-over (Figure 2).

biventricular
repair, n=37

1.5 ventricular
repair, n=5

univentricular
palliation, n=21

Intended surgical strategy

1.5 ventricle repair, n=2
at 11 and 105 months
univentricular palliation, n=1
at 3 months
biventricular repair, n=1
at 16 months
biventricular repair, n=1
at 35 months
1.5 ventricle repair, n=4
at 14, 19, 33 and 146 months
Cross-over

Figure 2. Cross-over from the intended surgical strategy in 9/63 paediatric patients with Ebstein’s
anomaly, including the time period in which the surgical strategy was changed

Our 63 patients underwent a total of 109 operations; the average number of operations per
patients was 1.4 (53 on 37 patients), 1.8 (9/5) and 2.2 (47/21) in the biventricular, 1.5 ventricle
and univentricular subgroup, respectively. Twenty-seven patients required a reoperation of
whom 18 patients required at least one unplanned reoperation: eight, two and eight in the
biventricular, 1.5 ventricle and univentricular group respectively (Table 2).
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Table 2. Type and number of unplanned reoperations
biventricular

1.5 ventricle

univentricular

repair

repair

palliation

TV (re) reconstruction

4

TV replacement

2

RV size reduction

1

RA/RV size reduction and closure multiple VSD’s

1

TV reconstruction and PV homograft

1

1

2

Closure PV

1

AP/(M)BT Shunt (re) revision

4

Closure BT shunt, ASD and TV reconstruction

1

PCPC (± TV reconstruction)

3

TCPC

1

Fenestration TCPC

1

Conversion to extracardiac TCPC
Pacemaker

1
1

2

AP, aortopulmonary; ASD, atrial septal defect; (M)BT, modified Blalock Taussig shunt; PCPC, partial cavopulmonary
connection; PV, pulmonary valve; RA, right atrium; RV, right ventricle; TCPC, total cavopulmonary connection; TV,
tricuspid valve; VSD, ventricular septal defect

The one-, five- and 10-year freedom from unplanned reoperation was 89%, 79%, and 75%,
respectively, but not all patients did already reach the five- or 10-year follow-up at the time
the analysis was conducted.
Biventricular repair
A biventricular repair was intended in 37 patients. The decision for biventricular repair was
based on the severity of the disease, e.g. the retained function of the RV, the anatomy and
function of the TV and the absence of severe PV stenosis or atresia (Table 3).
The median age at first surgery was 70 months (range: 0–203 months). Six patients underwent
neonatal surgery, two of them required additional surgery later in life. The majority received a
TV reconstruction (n=25, 68%). A variety of surgical techniques were used for this reconstruction: 13 patients underwent a Carpentier-Chauvaud repair and in 10 patients a valvuloplasty
of the TV was done (in four an Alfieri repair, in five a monocusp repair with annuloplasty, in one
patient only an annuloplasty). In two patients the type of surgical reconstruction could not be
confirmed retrospectively. In four patients with a TV reconstruction (16%, two patients with a
Carpentier-Chauvaud and two other patients with an Alfieri repair) a revision was necessary.
Three of these patients received a mechanical valve and one patient got a biological valve.
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Table 3. Clinical and haemodynamic parameter for each intended type of surgery
All patients (n=63)

Neonates (n=21)

bi

1.5

uni

bi

uni

n=37 (%)

n=5 (%)

n=21 (%)

n=6 (%)

n=15 (%)

Modified Ross Classification class 4

11 (30)

1 (20)

19 (90)

6 (100)

15 (100)

At presentation
Severe PS/PA

2 (5)

0 (0)

13 (62)

2 (33)

9 (60)

Mild to moderate TR

25 (68)

3 (60)

12 (57)

5 (83)

8 (53)

Severe TR

11 (30)

2 (40)

8 (38)

1 (17)

6 (40)

a

bi, biventricular repair; PA, pulmonary valve atresia; PS, pulmonary valve stenosis; TR, tricuspid valve regurgitation;
uni, univentricular repair; 1.5, 1.5 ventricular repair
Anomaly including severe pulmonary valve stenosis and functional and anatomic pulmonary valve atresia

a

In two patients the severity of TV regurgitation could not be classified at presentation

Due to RV failure a partial cavopulmonary connection (PCPC) was eventually necessary in
two patients. The PCPC was performed nine and 105 months after the first surgery. In one
additional patient a PCPC was performed three months after a TV reconstruction. Forty-five
months later this patient had thrombosis of the mechanical TV which required a switch to
univentricular palliation including a total cavopulmonary connection (TCPC).
Five patients had comorbidity of an aortic coarctation. In three of these patients the ASD
and/or VSD was closed simultaneously with the aortic arch repair. In the fourth patient with
a large VSD the pulmonary artery was banded and ligation of the patent ductus arteriosus
(PDA) took place at the same time as the aortic arch reconstruction (as part of an intended
biventricular repair). The fifth patient received primarily a coarctation repair. The later was not
included in this study as an Ebstein’s anomaly associated surgery. However, almost nine years
later the patient required a TV reconstruction as his first Ebstein’s anomaly related surgery.
The 37 patients with an intended biventricular repair underwent a total of 53 operations, of
which 13 (involving eight patients) were unplanned reoperations (Table 2).
1.5 Ventricle repair
A 1.5 ventricle repair was intended in five patients. The decision for 1.5 ventricle repair was
made at the discretion of the attending surgeon. Clinical and haemodynamic parameters are
shown in Table 3. The median age at first surgery was 42 months (range: 17–112 months).
None of these patients underwent neonatal surgery. All patients received the PCPC at first
surgery. Three patients underwent simultaneously a RV/TV reconstruction (two Carpentier106
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Chauvaud repairs and one TV valvuloplasty) and ASD closure. In one patient a redirection of
the pulmonary veins was simultaneously performed. In one last patient the PV was additionally
replaced by a homograft. During a second operation however, the PCPC was taken down, a
revision of the TV reconstruction was performed and the PV homograft was replaced by a
new homograft. In this patient a biventricular repair was achieved as final repair.
The five patients with an intended 1.5 ventricle repair underwent a total of nine operations, of
which four (involving two patients) were unplanned reoperations (Table 2).
Univentricular palliation
Univentricular palliation was necessary in 21 patients due to extensive RV failure, the severity
of the TV regurgitation or the presence of significant other cardiac abnormalities, e.g. pulmo
nary atresia (Table 3). The median age at first surgery was less than one month (range: 0–47
months). Fifteen patients (71%) underwent neonatal surgery, 12 of them required additional
surgery later in life. At first operation 15 patients received a (modified) BT shunt, four patients
received a central aortopulmonary (AP) shunt and two patients a PCPC.
At second operation, three patients underwent a revision or enlargement of the BT shunt or
central AP shunt; in one of them the PDA was closed simultaneously. Another patient received
a second modified BT shunt to treat a hypoplastic left pulmonary artery. In seven patients a
PCPC was performed at second surgery, which took place at an average of 34 months (range:
1–146 months). One patient underwent closure of the PV because of extreme insufficiency
before receiving a PCPC during a third operation, at 30 months. Six patients eventually underwent a TCPC during a second, third or even fourth operation. The mean age at TCPC was 50
months (range: 38–55 months). One patient underwent a Carpentier-Chauvaud repair during
the second surgery achieving a final biventricular repair. In four other patients a 1.5 ventricle
repair turned out to be adequate. No indications for a TCPC were seen at their most recent
outpatient appointment anymore.
The 21 patients with an intended univentricular palliation underwent a total of 47 operations,
of which ten (involving eight patients) were unplanned reoperations (Table 2).
Neonatal surgery
Twenty-one patients underwent neonatal surgery, 14 of them required further surgery later
in life. A biventricular repair was started in six patients (29%), a univentricular palliation was
necessary in 15 patients (71%). At first surgery nine patients received a (modified) BT shunt;
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three received a central AP shunt. Only three patients received a Starnes procedure. Four
patients had an aortic coarctation repaired with simultaneously closure of an ASD and/or
VSD, one with contemporarily banding of the pulmonary artery One patient underwent a
commissurotomy of the PV and the last patient a valvotomy of the PV.
The 21 patients with neonatal surgery underwent a total of 44 operations, of which nine
(involving seven patients) were unplanned reoperations. In two of these patients the un
planned reoperation included a TV reconstruction and revision of TV reconstruction; one of
these patients also required a pulmonary homograft. Four patients required a revision or new
(M)BT or central AP shunt and in one patient the PV was closed due to severe insufficiency.
In total 7/21 patients died; four died in the neonatal period, the other three died after surgery
at one, three and 15 months of age.
Surgical complications
Postsurgical complications included arrhythmia (n=13, 21%), post-pericardiotomy syndrome
(n=8, 13%), chylothorax (n=8, 13%) and infection (n=7, 11%, no mediastinitis). Further
complications included pneumothorax (n=2), paralysis of the diaphragm (n=1), vocal cord
paralysis (n=1), haematothorax (n=1) and a hypoxic ischemic incident resulting in hemiplegia
(n=1).
Survival
There were nine (14%) in-hospital deaths (within 30 d after surgery). There were no late
deaths. Four patients died in the neonatal period, all but two patients died during the first
year of life. Eight of the deaths occurred in the univentricular palliation group. Table 4 shows
the characteristics and causes of death for all deceased patients.
The one-, five and 10-year survival rates from time of diagnosis were 89%, 86%, and 86%,
respectively. Figure 3 shows the survival of the patients that underwent cardiac surgery for
Ebstein’s anomaly during childhood (n=63) vs. the patients that did not undergo surgery for
Ebstein’s anomaly (n=113).
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26

1

1

4

0

0

2

5

1

0

5

0

43

3

15

0

0

0

uni

uni

uni

uni

uni

uni

uni

bi

Intended
treatment

Functional PA, ASD, PDA uni

PA

PA

PA, PDA

VSD

ASD, PS

ASD

ASD, VSD, PS

ASD, VSD CoA, PDA

Associated anomaly

1

2

1

2

3

2

1

1

1

LCOS
Reduced venous return after closure
sternum? Sepsis?
MBT failure due to PPHN and arrhythmias

MBT, closure PDA, right atrioplasty

LCOS/ cardiac failure

PCPC

Enlargement central AP shunt

Hypoxemia

No cause found at autopsy

LCOS

TV reconstruction, closure ASD and
closure BT shunt

Valvotomy PV, central AP shunt

Cardiac failure

BT shunt

MBT

LCOS, endocarditis

Starnes procedure

Cause of death

CoA repair, closure ASD and closure VSD

surgeries Type of (last) surgery

№ of

ASD, atrial septal defect; AP, aortopulmonary; bi, biventricular repair; BT, Blalock-Taussig shunt; CoA, aortic coarctation; LCOS, low cardiac output syndrome; MBT, modified
Blalock-Taussig shunt; PA, pulmonary valve atresia; PCPC, partial cavopulmonary connection; PDA, persistent ductus arteriosus; PPHN, persistent pulmonary hypertension
of the new-born; PS, pulmonary valve stenosis; PV, pulmonary valve; TV, tricuspid valve; uni, univentricular repair; VSD, ventricular septal defect

(days)

(months)

Age at (last) Time of death
after surgery
surgery

Table 4. Characteristics and causes of death in the study cohort
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Figure 3. Kaplan-Meier estimated survival curve of the patients that underwent Ebstein’s anomaly related
cardiac surgery during childhood (n=63) vs. the patients who did not undergo Ebstein’s anomaly related
cardiac surgery

We included 15 patients with severe PV stenosis or PV atresia. In only two of these patients
a biventricular repair was achieved successfully. In the other 13 patients a univentricular
palliation was necessary. Five of them died.

Discussion
This study reviews the long-term experience in a large all-inclusive cohort of children with
Ebstein’s anomaly treated surgically, including a high percentage of neonates and infants,
to overcome selection bias. Patients were treated with biventricular or 1.5 ventricle repair
or univentricular palliation. This study illustrates the extreme variability, complexity and
difficulty of this rare cardiac anomaly, especially in neonates. We included all consecutive
patients diagnosed with Ebstein’s anomaly nationwide, which results in a cohort without bias
of patients eligible for certain surgical strategies. Such bias cannot always be excluded in
other reports when patients with Ebstein’s anomaly are diagnosed elsewhere and are then
being transferred to another surgical centre for a specific operative correction.
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In our cohort a biventricular repair was performed in only half of our patients. These results
are difficult to compare to other large studies, because the latter usually include a large
number of adults. In one of the largest studies of 539 patients by Brown et al.14 an AP shunt
was created in only 12 patients (6.1% of the patients had received a AP shunt previously in
another hospital) and only four patients required a TCPC. However, the mean age of their
population at time of their initial surgery in the study group’s hospital was 24 years (range:
8 d to 79 y; only one new-born was included). We believe that the surgical outcome of
paediatric patients with Ebstein’s anomaly should be analysed separately from adult patients.
In 70% of our patients with neonatal surgery a univentricular palliation was performed. KnottCraig et al.3 reported surgical outcomes for a same size sample (n=26) of neonatal surgical
cases. Twenty-three (88%) neonates received a biventricular repair, one a Starnes palliation
and two a BT shunt with or without a pulmonary valvotomy. These results are in line with the
study by Boston et al.15 who reported that 29 of their 32 neonates and young infants had a
biventricular repair. In contrast, Reemtsen et al.16 reported on 16 neonates of which 13 patients
underwent right ventricular exclusion and one patient underwent heart transplantation as the
initial operation. We cannot rule out that the difference in management strategy among the
different studies was influenced by the severity of clinical symptoms and the haemodynamic
consequences of the malformation.
When describing freedom from reoperation in paediatric Ebstein’s anomaly it is essential to
differentiate between operations to achieve a biventricular, 1.5 ventricle repair or univentricular
palliation, and all unplanned reoperations. Brown et al.14 reported a one-, five- and 10-year
freedom from any reoperation of 97%, 91%, and 82%, respectively. However, almost all of their
patients underwent a biventricular repair and their figures do not differentiate between planned
and unplanned reoperations. In our cohort 18/63 patients required one or more unplanned
reoperations. The one-, five-, and 10-year freedom from unplanned reoperations was 89%, 79%,
and 75%, respectively. Caution is needed in estimating freedom from unplanned reoperation as
not all of our patients have already completed a follow-up period of 10 years after last surgery.
In 2013, Davies et al.17 described the results of The Society of Thoracic Surgeons Congenital
Heart Surgery Database. A total of 595 operations on 498 patients with Ebstein’s anomaly
were included of which 84% was performed during childhood. They concluded that mortality
was highest among neonates. Also in the current study seven of the deceased patients
underwent neonatal surgery. Indications for surgery so early in life included severe rightsided heart failure, severe cyanosis and significant associated cardiac anomalies. Therefore,
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patients requiring neonatal surgery were often in a very unstable clinical condition when
undergoing surgery. Patients requiring surgery early in life, especially in the neonatal period,
seem to represent the worse spectrum of disease.

Study limitations
This study is limited by its retrospective nature. It was not always possible to determine
details of the arguments for the intended treatment in each patient retrospectively. Further
more, over the 33-year period covered by this study there have been changes in treatment
strategies and surgical techniques which have influenced surgical outcomes; in particular,
advances in technique have improved survival rates for univentricular repair. However, this
was not the aim of our study. Carpentier’s classification was hardly used in the Netherlands
during the 33 years of follow-up and could therefore not be included. Due to the low
number of casualties with only nine deaths in the three subgroups, we could not perform
reliable analysis to identify risk factors for death. Because of the rarity of the disease a
multicentre study was necessary to create this large cohort. Our 63 patients were operated
in six university centres. The number of patients treated per centre varied between 3 and
15 patients. We cannot rule out that a limited number of operated cases per centre and per
technique might have influenced the outcome.

Conclusions
Patients with Ebstein’s anomaly requiring surgery in childhood represent the worse spectrum
of disease. Biventricular repair is often not applied. The patients frequently face revision
surgery. Mortality is limited to the immediate postsurgical period. To advice on the best type
of surgery (biventricular or 1.5 ventricle repair or univentricular palliation) for the individual
patient, larger studies are required. However, this is difficult to perform due to the rarity of
this disease.
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Abstract
Background
Due to the improved survival rates of children and adolescents with congenital heart disease
(CHD), more attention is now being directed towards their health-related quality of life
(HRQoL), emotional and behavioural problems. Ebstein’s anomaly (EA) is a rare CHD with a
broad clinical spectrum. The aim of the current study is to evaluate self- and proxy-reported
HRQoL and emotional and behavioural problems in children and adolescents with EA.
Methods
In this cross-sectional, multicentre study, we included EA patients (aged 8–17 years), who
underwent routine clinical assessments in Dutch university hospitals between May 2017 and
March 2019. The Generic Paediatric Quality of Life Inventory 4.0 (for ages 8–12/13–17 years)
was used to assess HRQoL. The Child Behaviour Checklist, Youth Self-Report and Teacher’s
Report Form were completed to measure emotional and behavioural problems.
Results
Questionnaires for thirty-eight patients (median age: 13 years; 48% male) were completed
by patients themselves, parents and teachers. Compared to normative data, self-reported
HRQoL was not significantly impaired, except for social functioning in children aged 8–12
years. Gender, severity of tricuspid regurgitation or previous surgery did not predict HRQoL.
Parents reported significantly more internalizing (anxiety/depression), attention and thought
problems in children with EA. These problems, however, were not reported by adolescents
themselves. School teachers reported significantly fewer externalizing problems compared
to the norm.
Conclusions
Overall, despite satisfactory HRQoL, children and adolescents show emotional and behaviou
ral problems. We recommend routine HRQoL and psychological assessment to screen for less
apparent internalizing and psychosocial problems.
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Introduction
Due to the improved survival rates of children and adolescents with congenital heart
disease (CHD), more attention is now being directed towards their health-related quality
of life (HRQoL). HRQoL includes the subjective perception of physical, social, emotional and
cognitive functioning.1 Children and adolescents with CHD are at increased risk of impaired
HRQoL.2-10 Moreover, children with CHD are about two times more likely to develop emotional
and behavioural problems than healthy children, independent of the type of CHD.11,12 These
problems can be separated into internalizing and externalizing behavioural difficulties.13
The first are characterized by internally-focused or emotional problems such as somatic
complaints, anxiety, depression and social withdrawal. The latter include externally-focused
or behavioural problems such as hyperactivity, delinquency and aggressive behaviour. HRQoL
and emotional and behavioural problems can be assessed by means of self- or proxy-reports.
The latter often include parents’ and schoolteachers’ perceptions.
If left unaddressed, these problems can persist into young adulthood. Increased likelihood
of social disadvantages, such as lower educational and occupational status, more unemploy
ment and being in a relationship less often have been reported for adult patients.14,15 These
poorer outcomes have been seen irrespective of cardiac diagnosis.
Ebstein’s anomaly (EA) is a rare CHD characterized by an apical displacement of the functional
tricuspid valve towards the right ventricular outflow tract. When diagnosed in childhood, it
can be a serious condition: almost one fifth of all patients die before reaching adulthood.16
Severity of disease is usually assessed by a short interview and physical examination at the
outpatient clinic, an electrocardiogram and an echocardiography. Children with EA might
suffer reduced exercise tolerance, which might hinder them in playing with healthy peers or
participation in team sports may be limited. They might miss school due to hospital stays or
visits at the outpatient clinic. They often require one or more surgical interventions, which
might produce high levels of emotional stress. Altogether, we are concerned that children
with EA experience reduced HRQoL.
Though a substantial amount of research has been conducted on the HRQoL and emotional
and behavioural problems in children with CHD, very little is known about those factors
in patients with EA specifically. Since EA is uncommon and patients present with a broad
clinical spectrum, study cohorts are relatively small and heterogenous with limited research.
Nevertheless, this should not hinder men from undertaking the effort to evaluate this
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population as good as possible. Even more, the uncertainties regarding the natural course of
disease and the patient’s future perspectives, might negatively influence the patient’s wellbeing. While encountering EA patients at the outpatient clinic for regular follow-up, we should
not only assess clinical parameters, but also be aware of the impact of this chronic disease
on the individual patient. Therefore, we were motivated to bridge this gap in knowledge by
means of multi-informant questionnaires completed by patients, parents and teachers.
The goals of the current study were to (1) evaluate self-reported HRQoL in children and
adolescents with EA and compare this to the general population; (2) identify biographical
or medical predictors of HRQoL; (3) study the relation between self-reported and proxyreported HRQoL; and (4) evaluate emotional and behavioural problems in children and
adolescents with EA and compare them to the general population.

Methods
This was a cross-sectional, multicentre study. We included children and adolescents with EA
(aged 8– 17 years) who underwent routine clinical assessments in one of six participating
Dutch university hospitals between May 2017 and March 2019. Children and parents unable
to speak Dutch, and thus unable to complete questionnaires, were excluded from this study.
Only proxy-reported questionnaires were included for patients functioning on an estimated
or documented cognitive level below eight years of age.
Before the hospital visit, we asked the patients and their parents to complete questionnaires
about general HRQoL and emotional and behavioural problems. If parents, teachers and/or
children required any assistance in filling out the questionnaires or had any questions, they
could contact the principal investigator (LMG) by mail or by telephone. During the hospital
visit, we took a clinical history and performed a physical examination, electrocardiogram and
echocardiography. As age- and gender-matched normative data are available, we did not
recruit a healthy control group.
Demographic variables on patients and parents were collected by telephone, during the
hospital visit or from medical files, and included the patients’ gender, age, medical history,
known mental disorders and type of education. The severity of the TR was determined by
the local experienced paediatric cardiologist and the principal investigator (LMG, who was
blinded to other reports), using the approach as recommended by the American Society of
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Echocardiography.17 This included colour jet area, vena contracta width, density of continuous
doppler jet and hepatic vein flow pattern. Evaluation of RV filling dynamics or annular diameter
and RA/RV size, were found to be too challenging in our EA patients. Demographic variables
from the parents included sex, marital and socioeconomic status. Socioeconomic status was
based on the highest of both parents’ occupations and categorized into low, low to middle,
middle, or high according to the international classification system.18
The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki19
and was approved by the Medical Ethics Committee of the Erasmus Medical Centre (protocol
number MEC-2016-752) and by the institutional review boards of all participating centres.
Written informed consent was obtained from legal guardians of all participants and from
participants aged 12 or older.
Instruments
All questionnaires used are (inter)nationally validated, with adequate psychometric proper
ties. The age ranges of the patients corresponded to those for the questionnaires used.
Health-related Quality of Life
To evaluate HRQoL in patients with EA, patients and parents completed the Generic
Paediatric Quality of Life Inventory (PedsQL) 4.0 (aged 8–12 or 13–17 years).20-22 This 23-item
questionnaire evaluates four domains of quality of life: physical (8 items), emotional (5 items),
social (5 items) and school functioning (5 items). Children and their parents score each item
on a five-point Likert scale: 0-Never a problem, 1-Almost never a problem, 2-Sometimes a
problem, 3-Often a problem, 4-Almost always a problem. Scores are converted to a 0-100
scale where 0 = 100, 1 = 75, 2 = 50, 3 = 25 and 4 = 0. Therefore, higher scores indicate
better HRQoL. Final results are reflected in summary scores: physical health (equals physical
functioning), psychosocial health (the sum of emotional, social and school functioning) and
total health score (sum of all domains). Dutch normative values are available for children aged
8 to 18 years.23
Emotional and Behavioural Problems
The Child Behaviour Checklist (CBCL), Youth Self-Report (YSR) and Teacher’s Report Form
(TRF) are standardized measures that assess child and adolescent emotional and behavioural
problems. The questionnaires are completed by parents, adolescents and teachers, respec
tively.24-29 Problems are rated on a 3-point Likert scale: 0-Not true, 1-Somewhat or sometimes
true, 2-Very true or often true. Higher scores indicate more problems. Besides a total problem
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score, broadband scale scores are calculated for internalizing problems (e.g., depression and
anxiety) and externalizing problems (e.g., aggression and delinquency). In addition, eight
empirical scales and six scales based on the fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) are calculated.30 Scores fall in the normal, borderline
or clinical range when compared to the available normative data from the Dutch general
population. Internal consistencies of the problem scales, as measured by Cronbach’s alpha,
ranged from 0.67 to 0.97.31
The CBCL/6-18 is a 120-item parent proxy-report for children aged 6-18 years. The YSR is
a 118-item adolescent (aged 11-17 years) self-report. Items that evaluate socially desirable
characteristics such as “I like to be fair to others” or “I try to help others when I can” differ
from the CBCL. The TRF/6-18 is a 118-item teacher proxy-report for children aged 6-18 years
that includes items scoring behavioural problems difficult for parents to judge, such as “does
the child have any difficulty in following instructions?”, “How does the child interact with
fellow students?” and “Does he or she cause agitation during class?”.
Statistical Analyses
Health-Related Quality of Life
The mean of the subscale scores for physical, emotional, social and school functioning, is
computed as the sum of the items divided by the number of completed items. At least 50%
of the items have to be accounted for. The mean Psychosocial Health Summary Score is
computed as the sum of the items divided by the number of items answered in the emotional,
social and school functioning subscales, whereas the Physical Health Summary Score equals
the physical functioning score. Finally, the Total Score of all four domains is calculated as
the sum of all items divided by the total number of items (i.e., 23). Due to a non-normal
distribution, the results are presented as median with the total range. Cronbach’s alpha is
calculated for the internal consistency of each subscale, the Health Summary Scores and the
Total Score. A value of 0.6 or higher is considered acceptable.
Our patients’ scores were compared to published normative data of age-matched groups
(8-12 years and 13-17 years) using the one-sample Wilcoxon test. Agreement between selfand proxy-reported HRQoL was studied using the Intraclass Correlation Coefficient (ICC).
Based on previous CHD and EA specific studies, we established multiple variables as possible
predictors of HRQoL. We included gender, TR severity and previous CHD surgery. With only
one patient in New York Heart Association (NYHA) functional classification III/IV, we had to
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exclude this important variable from our analysis. We used a linear regression model for these
categorical variables. For this analysis we combined child and adolescent HRQoL outcomes.
Emotional and Behavioural Problems
We used the Achenbach System of Empirically Based Assessment (ASEBA) software to
transform the raw scores from all three questionnaires into percentile scores. One-sample
binomial tests were conducted for each scale of the CBCL/6-18, YSR, and TRF/6-18 to
test whether the proportion of children with EA scoring in the non-clinical (i.e., not in the
psychopathological range) or in the borderline/clinical range was higher than the proportion
in the norm group. For this, percentile scores of 83 or lower on the internalizing, externalizing
and total problems broadband scales are considered non-clinical, whereas scores of 84 or
higher are considered borderline or clinical. Percentile scores of 92 or lower on the DSMoriented and the empirical scales are considered non-clinical, whereas scores of 93 or higher
fall into the borderline/clinical group. p-values < 0.05 were considered statistically significant.

Results
Fifty-three patients aged between eight and 18 years were eligible to participate and were
approached by their treating physician. Nine patients were excluded from the study because
the treating physician was unable to contact the parents before the child’s regular visit at
the outpatient clinic or because the patient did not show up at his/her visit. Two patients
did not want to participate due to several previous (other) study participations and one
patient because she was busy studying for her final exams at school. Only one patient was
not included because of the child’s condition; she was soon to receive cardiac surgery and
the parents had a lot on their mind. Finally, we had to exclude two more patients because
they had just turned 18. Finally, thirty-eight patients (median age: 13 years, 48% male) and/
or their parents filled out informed consent forms. Almost half the patients had previous CHD
surgery (Table 1).
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Table 1. Characteristics of participating paediatric patients with Ebstein’s anomaly and their parents
Total (%)
Patient characteristics n=38
Male

18 (47)

Mean age in years (range)

13 (8-17)

Tricuspid regurgitation severitya
Mild

11 (29)

Moderate

20 (53)

Severe

5 (13)

NYHA
I

33 (87)

II

4 (11)

III

1 (2)

IV

0

Previous ablation

7 (18)

Previous CHD surgery

18 (47)

Current circulation
Biventricular

33 (87)

1.5 Ventricular

3 (8)

Univentricular

2 (5)

Cardiac medicationb

8 (21)

Known behavioural disorders
ADHD

3 (8)

Autism spectrum disorder

3 (8)

Mental development disorderc

3 (8)

Attending special education

4 (11)

Parent characteristics n=71
Male

34 (48)

Marital status
Married/living together

56 (79)

Divorced

8 (11)

Widow (er)

2 (3)

Unknown

5 (7)

Socioeconomic status
Low

0

Low to middle

16 (23)

Middle

14 (20)

High

34 (48)

Unknown

7 (9)

ADHD, Attention Deficit Hyperactivity Disorder; CHD, Congenital Hearts Disease; NYHA, New York Heart
Association Functional Classification
Two patients had an univentricular circulation excluding the tricuspid valve

a

Including anticoagulants, antihypertensive drugs and antiarrhythmics

b
c

One trisomy 21, one 18q21.33 deletion and one unknown cause
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Previous CHD surgery included TV repair (± annuloplasty, n = 7), TV repair and pulmonary
homograft (n = 3), partial cavopulmonary connection (PCPC, n = 3), total cavopulmonary
connection (TCPC, n = 2), closure of atrial and ventricular septal defect (n = 1), only atrial
septal defect closure (China, n = 1) and one patient underwent a lateral coarctectomy for his
aortic coarctation. Tricuspid regurgitation (TR) was moderate in the majority of the patients.
Health-Related Quality of Life
Although self-reported HRQoL was scored lower than the general Dutch population in all but
one domain, these differences did not reach statistical significance, except for social func
tioning in children aged 8-12 years (score 65.0 vs. 86.1 resp., Z = –2.436, p = 0.015, Table 2).
In our sample, patients and their parents rated psychosocial health worse than physical
health. There were five patients with extreme low scores on self-reported psychosocial
health. In general, a PedsQL score of 70 is seen as a cut-off point for reduced HRQoL. These
five patients scored below 60 on at least two out of the three psychosocial subscales. The
parent-reports of all these five patients were within normal range.
No significant differences (p = 0.606) in self-reported HRQoL were found between boys and
girls. TR severity or history of previous CHD surgery did not predict self-reported HRQoL
either (p = 0.846 and p = 0.426 resp.). There was a poor agreement in HRQoL Total Scores
between the patients and their mothers (ICC 0.514, F (27) = 3.104, p = 0.002) as well as their
fathers (ICC 0.567, F (27) = 3.552, p = 0.01). Agreement between both parents was good
(ICC .858, F (27) = 15.948, p = 0.000). Internal consistency was adequate to good for all four
subscales of the PedsQL and all three summary scores (Cronbach’s α 0.71–0.94).
Emotional and Behavioural Problems
Parents of children with EA reported significantly more internalizing problems than parents
in the general population (Table 3). These were mainly anxiety/depressive (22.9% versus 8%,
p = 0.006), withdrawn/depressive (22.9% vs. 8%, p = 0.006), somatic (28.6% versus 8%, p =
0.000) and thought problems (28.6% vs. 8%, p = 0.000).
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40.2-96.7

77.1

82.1

78.7

86.1

.214

.790

.407

.015

.641

.109

32.6-92.4

40.0-100

33.3-91.7

Median

84.4

73.4

70.0

65.0

80.0

73.9

Subscale

Physical Functioning

Psychosocial Functioning

Emotional Functioning

Social Functioning

School Functioning

TOTAL score

38.0-100

25.0-100

35.0-100

40.0-100

35.0-100

43.8-100

Range

Father 8-12 years (n=17)

76.6

TOTAL score

25.0-100

77.5

77.5

Social Functioning

School functioning

30.0-100

75.0

65.0

Psychosocial Functioning

Emotional Functioning

Range
31.3-100

Median

76.6

Subscale

Physical Functioning

Range

48.9-100

50.0-100

45.0-100

35.0-100

46.7-100

53.1-100

82.6

70.0

85.0

80.0

76.7

87.5

Median

56.5-100

55.0-100

50.0-100

45.0-100

53.3-100

59.4-100

Range

Father 13-17 years (n=17)

80.4

70.0

85.0

60.0

75.0

84.4

Median

72.3

TOTAL score

30.0-100.0

84.9
80.6

p-value

Mother 13-17 years (n=19)

75.0

School Functioning

15.0-100.0
40.0-100.0

Norm
8-12 years

Mother 8-12 years (n=18)

67.5

65.0

Emotional Functioning

Social Functioning

35.0-100.0

43.8-100

82.8

72.5

Physical Functioning

Range

Child 8-12 years (n=16)

Median

Psychosocial Functioning

Subscale

62.0-100

45.0-100

55-100.0

55.0-100

61.7-100

53.1-100

Range

Range

32.6-100

40.0-100

25.0-100

30.0-100

33.3-100

31.3-100

78.3

77.5

77.5

72.5

73.3

87.5

Median

38.0-100

25.0-100

35.0-100

40-100

35.0-100

43.8-100

Range

Father Total (n=34)

77.0

75.0

85.0

65.0

75.0

78.1

Median

Mother Total (n=37)

79.3

65.0

85.0

80.0

76.7

78.1

Median

Child 13-17 years (n=17)

82.2

74.6

89.4

76.7

80.2

86.0

13-17 years

Norm

.308

.286

.243

.286

.492

.083

p-value

77.2

70.0

75.0

75.0

75.0

78.1

Median

40.2-100

30.0-100

40.0-100

15.0-100

35.0-100

43.8-100

Range

Child Total (n=33)

Table 2. Results of the Generic Paediatric Quality of Life Inventory 4.0 measuring health-related quality of life in paediatric patients with Ebstein’s anomaly
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32 (91.4%)
25 (71.4%)

Total problems

27 (77.1%)
25 (71.4%)
31 (88.6%)
25 (71.4%)
33 (68.6%)
32 (91.4%)
32 (91.4%)

Withdrawn/depressed

Somatic complaints

Social problems

Thought problems

Attention problems

Rule breaking behaviour

Aggressive behaviour

29 (82.9%)
27 (77.1%)
28 (80%)
34 (97.1%)
32 (91.4%)

Anxiety problems

Somatic problems

Attention deficit/hyperactivity problems

Oppositional defiant problems

Conduct problems

83%
83%
83%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%

12 (34.3%)
3 (8.6%)
10 (28.6%)
8 (22.9%)
8 (22.9%)
10 (28.6%)
4 (11.4%)
10 (28.6%)
2 (31.4%)
3 (8.6%)
3 (8.6%)
9 (25.7%)
6 (17.1%)
8 (22.9%)
7 (20%)
1 (2.9%)
3 (8.6%)

a

Reported by fathers (n = 5), mothers (n = 27), both parents (n = 2), unknown (n = 1)

CBCL, Child Behaviour Checklist; EA, Ebstein’s anomaly

26 (74.3%)

Depressive problems

DSM-oriented scales

27 (77.1%)

Anxious/depressed

Syndrome scales

23 (65.7%)

Externalizing problems

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

17%

17%

17%

Borderline/clinical %

General population
Non-clinical %

Borderline/clinical, N (%)

EA patients (n=35)a
Non-clinical, N (%)

Internalizing problems

Broadband scales

CBCL 6-18

Table 3. Distribution of non-clinical versus borderline/clinical emotional and behavioural problems by parents of patients with Ebstein’s anomaly

0.539

0.218

0.019

0.006

0.057

0.001

0.539

0.539

0.461

0.000

0.306

0.000

0.006

0.006

0.062

0.131

0.010

p-value
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Compared to the general population, a significantly larger proportion of children with EA
showed attention deficit/hyperactivity problems (20.0% vs. 8%, p = 0.019). These problems,
however, were not self-reported by adolescents. They did not report any internalizing
problems and even reported borderline significantly (p = 0.050) fewer externalizing problems
than the general population (3.8% vs. 17%) (Table 4).
Teachers of children with EA also reported significantly fewer externalizing problems com
pared to the general population (3.6% vs. 17%, p = 0.037) (Table 5).
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25 (96.2%)
24 (92.3%)

Total problems

23 (88.5%)
23 (88.5%)
24 (92.3%)
24 (92.3%)
23 (88.5%)
25 (96.2%)
25 (96.2%)

Withdrawn/depressed

Somatic complaints

Social problems

Thought problems

Attention problems

Rule breaking behaviour

Aggressive behaviour

24 (92.3%)
22 (84.6%)
23 (88.5%)
24 (92.3%)
25 (96.2%)

Anxiety problems

Somatic problems

Attention deficit/hyperactivity problems

Oppositional defiant problems

Conduct problems

EA, Ebstein’s anomaly; YSR, youth self-report

23 (88.5%)

Depressive problems

DSM-oriented scales

23 (88.5%)

Anxious/depressed

Syndrome scales

20 (76.9%)

Externalizing problems

83%
83%
83%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%
92%

6 (23.1%)
1 (3.8%)
2 (7.7%)
3 (11.5%)
3 (11.5%)
3 (11.5%)
2 (7.7%)
2 (7.7%)
3 (11.5%)
1 (3.8%)
1 (3.8%)
3 (11.5%)
2 (7.7%)
4 (15.4%)
3 (11.5%)
2 (7.7%)
1 (3.8%)

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

17%

17%

17%

Borderline/clinical %

General population
Non-clinical %

Borderline/clinical, N (%)

EA patients (n=26)
Non-clinical, N (%)

Internalizing problems

Broadband scales

YSR 11-18

0.373

0.654

0.346

0.150

0.654

0.346

0.373

0.373

0.346

0.654

0.654

0.346

0.346

0.346

0.157

0.050

0.273

p-value

Table 4. Distribution of non-clinical versus borderline/clinical emotional and behavioural problems by adolescents with Ebstein’s anomaly (age 11-18 years)
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27 (96.4%)
24 (85.7%)

Total problems

24 (85.7%)
27 (96.4%)
26 (92.9%)
26 (92.9%)
25 (89.3%)
28 (100%)
28 (100%)

Withdrawn/depressed

Somatic complaints

Social problems

Thought problems

Attention problems

Rule breaking behaviour

Aggressive behaviour

25 (89.3%)
27 (96.4%)
25 (89.3%)
27 (96.4%)
26 (92.9%)
28 (100%)
28 (100%)
26 (92.9%)
25 (89.3%)

Hyperactivity impulsivity problem subscale

Depressive problems

Anxiety problems

Somatic problems

Attention deficit/hyperactivity problems

Oppositional defiant problems

Conduct problems

Inattention problems subscale

Hyperactivity impulsivity problems subscale

EA, Ebstein’s anomaly; TRF, Teacher’s Report Form

27 (96.4%)

Inattention problem subscale

DSM-oriented scales

25 (89.3%)

Anxious/depressed

Syndrome scales

20 (71.4%)

Externalizing problems

3 (10.7%)

2 (7.1%)

0

0

2 (7.1%)

1 (3.6%)

3 (10.7%)

1 (3.6%)

3 (10.7%)

1 (3.6%)

0

0

3 (10.7%)

2 (7.1%)

2 (7.1%)

1 (3.6%)

4 (14.3%)

3 (10.7%)

4 (14.3%)

1 (3.6%)

8 (28.6%)

Borderline/clinical, N (%)

EA patients (n=28)
Non-clinical, N (%)

Internalizing problems

Broadband scales

TRF 6-18

92%

92%

92%

92%

92%

92%

92%

92%

92%

92%

92%

92%

92%

92%

92%

92%

92%

92%

83%

83%

83%

Non-clinical %

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

8%

17%

17%

17%

Borderline/clinical %

General population

0.391

0.609

0.097

0.097

0.609

0.333

0.391

0.333

0.391

0.333

0.097

0.097

0.391

0.609

0.609

0.333

0.182

0.391

0.471

0.037

0.089

p-value

Table 5. Distribution of non-clinical versus borderline/clinical emotional and behavioural problems by school teachers of children with Ebstein’s anomaly (age
8-18 years)
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Discussion
The present study shows that self-reported health-related quality of life is not significantly
reduced in children and adolescents with EA, except for social functioning in children 8-12
years of age. Mellion et al.10 of the Paediatric Cardiac Quality of Life Inventory Testing
Study Consortium, compared HRQoL in a large group of paediatric patients (625 children,
513 adolescents) with CHD and healthy controls using the same PedsQL 4.0 instrument.
The Total, Physical and Psychosocial Health Summary Scores were lower in the CHD group
as compared with healthy controls. However, their patient cohort was divided into three
severity categories; mild (no surgical or catheter-based intervention), biventricular CHD and
single ventricle CHD. When looking at these subgroups, they found no significant differences
between children and adolescents with mild CHD and healthy controls. In our EA cohort
20/38 patients did not have previous CHD surgery. Furthermore, the majority was classified
as NYHA class I or II. Therefore, the majority of our cohort could be classified as mild and
thus, overall, would align with the results from the Mellion group.
Literature about HRQoL of children with CHD, however, remains inconsistent. Reiner et al.32
enrolled 514 patients (aged 7-17 years) with CHD who underwent regular outpatient visits.
The age adapted KINDL questionnaire was used for evaluation of HRQoL. After adjusting
for age and sex, the HRQoL of the patients was significantly higher than healthy peers for
the total HRQoL score, for self-esteem, family and everyday functioning. No differences
between severity classes were seen. They concluded that young patients can cope well with
their disease burden. Possible positively contributing factors include family environment,
peers, social support, school and community. Furthermore, the authors emphasize that
these patients do not know a life without cardiac disease and have learnt to develop coping
strategies from the beginning of their life. It is well recognized that HRQoL is dependent
upon finding a balance between body, mind and spirit and on establishing and maintaining a
harmonious set of relationships within the person’s social context and external environment.33
Therefore, even young patients with serious physical limitations can experience good or even
excellent quality of life, whereas to most external observers these individuals seem to live a
less desirable daily life.
One of the biggest limitations of most studies on HRQoL in CHD patients is their inclusion of
heterogeneous groups of patients including left and right heart obstructions, isolated shunt
defects, transposition of the great arteries, univentricular hearts and other heart defects. We
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consider our focus on EA a surplus value of this study, since results can now be better applied
to this particular cardiac group, providing insight into disease-specific screening.
The only significant difference between young patients with EA and healthy peers was on their
self-report as to social functioning. Several studies suggest that for children and adolescents
with CHD, the identification of other children’s emotions, is impaired, although this could
not be ascertained by statistical analyses.34-36 We speculate this might negatively influence
the children’s capability to making and keeping friendships. Furthermore, we speculate that
feeling different and missing out on school makes them feel isolated from peers. Moreover,
overprotection by parents and/or reduced exercise tolerance can result in less sports or
leisured time activities/clubs with friends, and by consequence in reduced social skills due
to limited social experiences. Adolescents might have developed coping strategies, while
younger patients might not have been able to do so yet. Also, CHD patients are at risk
for neurodevelopmental morbidity caused by biological risk factors as underlying syndromes
or genetic/ developmental disorders, the circulatory abnormalities specific to the heart
defect and the medical and surgical therapies required.37 These risk factors are modified
by environmental risk and protective factors at home, school and work. Only a few studies
have investigated the impact of neurodevelopmental outcome on HRQoL in the paediatric
population. For children with a D-transposition of the great arteries and for children with
Fontan palliation for hypoplastic left heart syndrome, a lower parent-reported psychosocial
quality of life has been reported.38,39 These findings suggest a role for neurodevelopmental
impairment as cause for reduced psychosocial health.
It is concerning that in our population, five children self-reported distressingly low scores
for psychosocial functioning. We examined their medical files carefully. In three patients, no
concerns about the child’s psychosocial wellbeing were reported in their files. We contacted
their treating physicians. They did not have any indication for concern before. Therefore,
none of these patients underwent psychosocial screening or assessment by an experienced
mental health professional up to now. The treating physician is now informed and this matter
will be discussed with the patient and its parents. The other two patients faced surgery later
that year. Undergoing cardiac surgery is a stressful event that may negatively influence the
patients’ or parents’ perception on HRQoL.3,40-44 Remarkably, in our study, a history of previous
CHD surgery was not related to impaired HRQoL when compared to a non-surgical group or
when compared to healthy controls. Due to the small subgroups, we did not take time since
last surgery or the number of surgeries into account. To our knowledge, no previous studies
have been conducted on HRQoL in post-surgical patients with EA.
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An important parameter for severity of disease in EA is the severity of TR. Increased TR
aggravates enlargement of both the right atrium and the atrialised and functional right
ventricle and worsens right ventricular function. This could eventually lead to reduced
functional class and impaired HRQoL. However, in this study, TR severity did not predict
HRQoL. A possible explanation could be that in only five patients, severe TR was observed.
Other patients with severe TR underwent previous TV repair, resulting in less regurgitation
at last visit. Furthermore, our patients are young and often show maintained right ventricular
function. In adult patients with EA and severe TR, the right ventricle starts failing more rapidly.
We found a poor agreement in HRQoL scores between children and parents. In paediatric
health care, doctors often convey and obtain information primarily from parents during
outpatient visits. This study emphasizes the need to listen carefully to both patients
and parents. These results are consistent with the study of Patel et al.45 who examined
agreements and discrepancies between child- and parent-reports on quality of life in the
paediatric cardiology population using the PedsQL 4.0 instrument as well.45 Child scores
were consistently 2-3 points lower than parent scores for all domains. Parent and child scores
were moderately to poorly correlated for school functioning, psychosocial and total summary
scores. Emotional quality of life had the lowest agreement. In our study, we found the lowest
correlation in physical functioning. Physical health is easier to observe than psychosocial
health and, therefore, we would have expected a better agreement between child- and
parent-reports in this domain. In fact, other studies showed the greatest agreement for
physical quality of life.8,46,47 However, studies on agreement between self- and parent-reports
on HRQoL are inconclusive.48 All stress the importance of taking both child- and proxy-reports
into account, a conclusion our study confirms.
Parents of children with EA reported significantly more internalizing problems than parents
from the general population. A protective parenting style, which is recognizable to most
paediatricians, may be an important risk factor. Other studies have also reported more
emotional and behavioural problems in children with CHD.2,5,12,49-52 Most of these, however,
included patients with more common types of CHD, such as tetralogy of Fallot or transposition
of the great arteries. To our knowledge, no specific studies on behavioural problems in EA
exist.
Although parents report behavioural problems, these problems are not self-reported by
children and adolescents. Spijkerboer et al.2 examined long-term behavioural and emotional
problems in four cardiac diagnostic groups of children and adolescents after invasive
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treatment for congenital heart disease. They came to the same conclusion. Overall, parents
of patients with CHD reported higher levels of problems compared to parents of healthy
children, whereas patients themselves reported no long-term impairment compared to samesex reference peers.
Teachers of children and adolescents with EA report fewer externalizing problems in class than
teachers of healthy peers. We hypothesize that, due to a protective parenting style, children
might enter adolescence later. Because of their medical history, patients might just want to
be normal and, therefore, try not to stand out in class. They may lack the cardiorespiratory
reserves to spend their energy on externalizing behaviour. Anxiety might play a role as well.

Clinical Implications
For the practicing paediatric cardiologist, there needs to be recognition that children and
adolescents with EA, despite an overall adequate HRQoL, are at a higher risk for emotional
and behavioural problems than their healthy peers. Considering our results, we recommend
that HRQoL and psychological assessment should be made a routine part of clinical visits
in order to screen for less apparent psychosocial problems. Completing a self- and proxyHRQoL questionnaire as the Generic Paediatric Quality of Life Inventory 4.0 can be helpful.
Questionnaires could be sent by email to parents before routine clinical visits. Results should
be uploaded to the patients’ medical files, and scores discussed with patients and their
parents. If required, treatment strategies can be optimized, additional examination can be
performed or further support can be offered by experienced health care workers such as
psychologists or physiotherapists.
We are currently working hard on protocols to arrange systematic screening. The present
situation is that before visiting the outpatient clinic, patients are asked to complete online
HRQoL questionnaires. Results are evaluated by a dedicated team. In case of concerning
results, the dedicated team informs the treating physician by mail and makes a note in the
patient’s medical file about the results and their interpretation. Next, it is up to the treating
physician to discuss these results during the patients’ visit. Based on these findings the treating
physician might refer the patient to e.g., the psychologist. First results are positive: patients
and parents appreciate the attention paid to this important part of health care. However, we
are aware of the fact that a treating physician is neither educated nor experienced enough
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to discuss and interpret results of HRQoL questionnaires. Further adjustments to this system
are being made.
We also believe that continuous assessment of the patients’ development in order to
recognize impairment as soon as possible, is crucial. In our centre, a dedicated team
(including neonatologists, paediatric cardiologists, psychologists, paediatric physiotherapists
and exercise physiologists) evaluates all severe CHD patients at a special CHD Lifespan
dedicated outpatient clinic. Follow-up is performed just before reaching important milestones
in their neurodevelopment, until the patient turns 18 years of age. Thereafter, age-attuned
assessment for adults and elderly should be specified. Our final goals are improving the
current treatment strategies and optimizing neurodevelopmental and health-related quality
of life in our patients with CHD and their families.

Strengths and Limitations
This is the first psychosocial study to specifically target young EA patients. We acquired
a substantial sample size, considering the prevalence of this rare CHD. The multicentre
recruitment and the broad age range improved the generalizability of our results in the
paediatric EA population. We also included a large group of fathers, which is fairly rare for
psychosocial research.53,54
Although the sample size is relatively large for EA, the number of patients limits extensive
statistical analysis and decreases statistical power. Generally known problems with
questionnaire studies are, that patients are sometimes not willing to show the truth or they
prefer strategic behaviour. An emotional resistance to evaluate oneself could exist and lack
of motivation could lead to falsified results. To avoid such bias a big sample size is required.
A cardiac module of the PedsQL is available for evaluation of HRQoL, which we did not
include in our study. This cardiac module would compare the results of our patients with EA
to patients with other types of CHD, whereas the aim of the current study was to compare
our results to healthy peers.
In this study we evaluated the impact of clinical factors on HRQoL. We did not look into
environmental factors, which are known to exert strong influence on HRQoL, such as
psychological distress, problematic family conditions and limited social support.
135

7

Part III | Chapter 7

Conclusion
Overall, despite satisfactory HRQoL, children and adolescents with EA show emotional
and behavioural problems. We recommend routine HRQoL and psychological assessment
to screen for less apparent internalizing and psychosocial difficulties. In addition, during
visits, the treating physician should carefully listen to both patients and parents, as their
perspectives might differ substantially.
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Introduction
Due to improved survival rates, more attention is now being directed towards the psycho
logical outcome of children with congenital heart disease (CHD) and their parents. Parents
of children with CHD are at risk of psychological distress, anxiety, depression, somatization
and hopelessness.1-3 Ebstein’s anomaly is characterized by displacement of the effective
tricuspid valve towards the right ventricular outflow tract. This is the first study to report on
parental illness cognition and parenting stress in parents of children with Ebstein’s anomaly
specifically.

Methods
In this cross-sectional multicentre study, all parents of children (aged 8-17 years) with
Ebstein’s anomaly who underwent routine clinical assessment in Dutch university hospitals
completed two questionnaires regarding parental illness cognition and parenting stress.
Exclusion criteria was insufficient knowledge of the Dutch language. The study protocol
(MEC-2016-752) was approved by the Medical Ethics Committee of all participating centres.
Written informed consent was obtained from all participants.
Parents completed the Illness Cognition Questionnaire-parent version,4 developed to eva
luate both positive and negative cognitions related to disease. It includes three subscales:
Helplessness, Acceptance and Perceived Benefits. Perceived Benefits are the benefits of
the child’s disease that parents might experience. Lower scores on Helplessness and higher
scores on Acceptance and Perceived Benefits reflect favourable findings. This questionnaire
is most frequently used among parents of children with childhood cancer. One sample t-tests
were performed to compare our results with these parents.
Furthermore, the validated Dutch short version of the Parenting Stress Index,5 designed to
measure the level of parenting stress was compilated. Higher scores indicate higher levels
of parenting stress. Total scores were compared to normative data of Dutch mothers and
fathers. Mann-Whitney U-test was used to compare results of parents of younger (8-12
years) children with results from parents of older (13-17 years) children. Cronbach’s alpha was
calculated to determine internal consistency.
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Results
Thirty-eight parents participated (Table 1).
Table 1. Characteristics of parents and their children with Ebstein’s anomaly
n (%)
Parental characteristics (n=38)
Male

5 (13)

Marital status
Married/living together

28 (73)

Divorced

4 (11)

Widow (er)

2 (5)

Unknown

4 (11)

Socioeconomic status
Low

0

Low to middle

8 (21)

Middle

7 (18)

High

17 (45)

Unknown

6 (16)

Characteristics of their children (n=38)
Male

18 (47)

Mean age in years (SD)

13 (2.8)

Age group
8-12 years

18 (47)

13-17 years

20 (53)

Previous CHD surgery

16 (42)

NYHA Functional Classification
Class I

33 (87)

Class II

4 (11)

Class III

1 (2)

Class IV

0

CHD, congenital heart disease; NYHA, New York Heart Association Functional Classification

All parents reported normal levels of acceptance of their children’s disease. Only one
parent (3%) reported enhanced levels of cognitions of helplessness (score of >12). Twentyfour percent of parents reported below-cut-off scores (<12) on Perceived Benefits. Internal

consistency was good (Cronbach’s α of 0.74-0.91). Compared to parents in child oncology,
our parents showed significantly better acceptance of their children’s disease (21.6 vs. 16.2,

p = <0.001) and they reported significantly less cognitions of helplessness (7.7 vs. 13.1, p =
<0.001). Reported scores for Perceived Benefits did not differ significantly between both
groups (15.6 vs. 16.2, p = 0.441).
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The median score of the Parenting Stress Index short version was average (median 43.0,
range: 25-107) when compared to parents of healthy peers. Internal consistency was excellent
(Cronbach’s α of 0.94). Four parents (10%) reported high levels of parenting stress (mothers
≥74, fathers ≥64). In total, 16/38 children underwent surgical intervention. Time between last

surgery and study participation ranged from 15 years to less than one year. Three out of four
parents with high levels of parenting stress had children with prior surgery. Time between last
surgery and participation was three, seven and 10 years.
Although parents of young (aged 8-12) children reported higher levels of parenting stress
(median 48.5, range 25-107) than parents of older (aged 13-17) children (median 42.0, range
25-96), this difference was not statistically significant (p = 0.447).

Discussion
Parents reported normal acceptance of their children’s disease and reported few cognitions
of helplessness. Kolaitis et al.2 reported parental distress in 30-80% of parents, but in the
long term, the majority of parents adapted successfully to living with a child with CHD. We
included only parents of children aged eight years and older. Patients are often diagnosed
within the first year of life, therefore, parents might have adapted successfully to the situation
over time.
Twenty-four percent of parents obtained low scores for Perceived Benefits. This means, that
parents did not report having experienced some benefits as the result of their child’s disease.
Contrary to helplessness and acceptance however, Perceived Benefits are not significantly
associated with parental psychological distress.6 Benefits have been found to be more
associated with positive constructs, such as trait optimism, positive mood, and positive
reframing as coping mechanism instead of stress.7
Ten percent of parents reported high levels of parenting stress. Woolf-King et al.3 report that
up to 30% of parents of children with CHD have symptoms consistent with posttraumatic
stress disorder, with over 80% presenting with significant symptoms of trauma; 25%-50%
reported elevated symptoms of depression and/or anxiety and 30-80% reported experiencing
severe psychological distress. When compared to these studies, parents of children with
Ebstein’s anomaly specifically seem to cope relatively well with their child’s illness.
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It is well recognized that parents experience significant stress at time of cardiac surgery.
This seems to resolve after 12 months or later.8 Although in our cohort 3/4 parents with high
levels of parenting stress had children with prior surgery, one would expect the time between
last surgery and participation (three, seven and 10 years) to be long enough for these stress
levels to normalize.
When timely recognized, parents may benefit from early psychosocial interventions, involving
dedicated teams of psychologists and social workers. The psychosocial working group of
the Association for European Paediatric and congenital Cardiology9 recommends multidisciplinary psychosocial care for families of patients with CHD. Ideally, parental mental health
screening would be incorporated into ongoing paediatric cardiac care.

Conclusion
There is an urgent need for additional research on parental health and a family-based
approach to provide psychological support also to the parents of children with CHD.
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Ebstein’s anomaly is a rare congenital heart defect. Of the nearly 170,000 babies that are born
annually in the Netherlands, about 0.8% are born with a congenital heart defect, resulting in
approximately 1400 new-borns with a congenital heart defect a year. Of these new-borns,
< 1% are born with Ebstein’s anomaly, resulting in only a handful of new patients each year.
Care of these patients is divided over at least seven university medical centres. With 55
registered and actively working paediatric cardiologists in this country, the number of
patients per physician is limited. This emphasises the need for national collaboration through
multi-centre studies to survey this specific group of young patients. Thanks to the great
cooperation of all Dutch university medical centres, we have been able to create one of
Europe’s largest cohorts of paediatric patients with Ebstein’s anomaly. This multicentre
recruitment and the inclusion of patients with a broad age range improve the generalisability
of our results in the paediatric Ebstein’s anomaly population.

Part I Diagnosis and follow-up
In chapter 2, we describe all facets of Ebstein’s anomaly during childhood. Among others,
severity classifications are described. One of the most widely known classifications is
the Celermajer index, in which the ratio of the combined area of the right atrium and the
atrialised portion of the right ventricle to that of the combined area of the functional portion
of the right ventricle, left atrium and left ventricle is calculated.1 However, echocardiographic
assessment of the right ventricle in patients with Ebstein’s anomaly is challenging. During the
last decades, cardiac magnetic resonance (CMR) imaging has emerged as a complementary
tool for accurate and reproducible assessment of the right ventricular function in Ebstein’s
anomaly. Consequently, more recent severity classifications involve CMR. Cieplucha et al.2
adjusted the Celermajer index, originally designed for echocardiography, to CMR. Instead of
surface area, the ratio is calculated using the volumes of all four heart chambers. Hösch et al.3
proposed a new and simplified CMR measure to evaluate the severity of Ebstein’s anomaly:
the end-diastolic total right/left volume index, derived from CMR SSFP Cine stacks.
In chapter 3, we evaluate the clinical use of both echocardiography and CMR for assessment
of biventricular function in young patients with Ebstein’s anomaly. The feasibility of the most
common echocardiography-derived parameters for right ventricular functional assessment
was 74% for the fractional area change of the functional portion of the right ventricle, 100%
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for the tricuspid annular plane systolic excursions, and 87% for the free wall peak myocardial
velocity. Functional assessment of the left ventricle by echocardiography, however, was more
challenging. A good four- and two-chamber view of the left ventricle for reliable calculation
of the ejection fraction could only be obtained in 30% of patients. Left ventricular shape
was affected, most likely due to the convex shape of the interventricular septum. Goleski
et al.4 studied the shape of the left ventricle in Ebstein’s anomaly. On CMR-derived shortaxis slices generated between the mitral valve annulus and the left ventricular apex, the
septal-lateral wall distance and the anterior-posterior distance were measured as a surrogate
for sphericity. In patients with Ebstein’s anomaly, the slice area and the septal-lateral short
axis distances were significantly smaller at the base and mid-ventricle. The anterior-posterior
short axis distances were larger near the apex. This confirms a less spherical shape of the
left ventricle in Ebstein’s anomaly. Left ventricle long axis length, measured as the distance
between the mitral valve centroid and the left ventricular apex, was significantly increased in
Ebstein’s anomaly patients. The changed shape of the left ventricle did not hinder functional
assessment by CMR. The feasibility of all predefined left ventricle parameter was 100%.
Besides changes in left ventricular shape, left ventricular function is also affected in Ebstein’s
anomaly. The echocardiography-derived mitral annular plane systolic excursions and the left
ventricular free wall peak myocardial velocity were reduced in 52% and 71% of patients,
respectively. Left ventricle ejection fraction calculated by CMR was, often slightly, decreased
in 74%. Left ventricular dyssynchrony may be an important contributing factor to the
impaired left ventricular function in Ebstein’s anomaly. Steinmetz et al.5 studied the role of
left ventricular dyssynchrony in Ebstein’s anomaly patients by CMR feature tracking on apical,
midventricular and basal short-axis slices. One of the defined dyssynchrony parameters was
the Circumferential Uniformity Ratio Estimate (CURE), which represents the spatial uniformity
of strain over all time points and across all slices. The perfect synchronous heart will exhibit
similar strain directions in all segments at a given point in time, whereas the completely
dyssynchronous heart will exhibit opposing strain directions in opposing walls. The authors
found significantly higher left ventricular dyssynchrony in patients with Ebstein’s anomaly
compared to controls. In addition, CURE showed significant correlations with heart failure
parameters such as New York Heart Failure functional classification and brain natriuretic
peptide. In our study, left ventricular CMR feature tracking was applied as well. However, only
longitudinal strain in the four-, three- and two-chamber views was calculated. It would be of
great interest to study the role of dyssynchrony in short-axis slices as well.
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Severity classification is important in Ebstein’s anomaly for prognosis and treatment strategy.
We compared the echocardiography-derived Celermajer index to the previously described
CMR-modified Celermajer index in our population. The correlation between the both was
excellent. A big advantage of CMR-derived Celermajer index is its acquisition. While by
echocardiography it remains difficult to obtain good four-chamber views, including both
ventricular free walls and both atria, volumetric studies by CMR might be more accurate. It
could be of great value to further study the correlation of the CMR-derived Celermajer index
to clinical parameters such as functional health status, interoperative findings and outcome.
Ebstein’s anomaly is generally considered a right-sided congenital heart defect. Attenhofer
Jost et al.6 were among the first to report on left-sided lesions in patients with Ebstein’s
anomaly. They studied 106 consecutive patients and reported left-sided abnormalities
involving the myocardium or valves in 39% of patients. In chapter 4, we studied left-sided
anomalies in our cohort of 176 paediatric patients and found left-sided anomalies in 11%.
Remarkably, six patients presented with critical aortic arch lesions; five patients with an aortic
coarctation and one patient with an interrupted arch. As far as we know, the combination
of Ebstein’s anomaly with aortic arch lesions has not been previously described. Altogether,
left-sided anomalies should not be overlooked in patients with Ebstein’s anomaly.

Part II Management and outcome
In chapter 5, we report on factors at time of diagnosis associated with death. Patients
diagnosed in utero or within the first 30 days of life have a worse survival rate compared to
patients diagnosed after the neonatal period (HR 4.2 with 95% CI 1.5–12.0), with one-year
survival rates of 78% and 95%, respectively. This might be related to the presence of a patent
ductus arteriosus at the time of diagnosis. In the case of pulmonary and tricuspid valve
regurgitation, ‘circular shunts’ may develop (Figure 1). The reduced antegrade flow across
the pulmonary valve may increase left-to-right shunting across the patent duct, thereby
increasing the afterload on the functional portion of the right ventricle. Furthermore, the
chronic volume overload of the atrialised portion of the right ventricle as a result of the
severe tricuspid valve regurgitation leads to immense dilatation of the right atrium. Right-toleft shunting over the interatrial defect follows. Inadequate filling of the functional portion of
the right ventricle occurs, and so the chamber fails to generate adequate pressure as a result
of diminished preload, reduced contractile reserve and increased afterload.
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Figure 1. Neonatal Ebstein’s anomaly with patent ductus arteriosus (1), pulmonary regurgitation (2)
severe tricuspid regurgitation (3) and atrial septal defect (4) resulting in decreased preload and increased
afterload of the functional portion of the right ventricle (fRV).

Over the last decade, there has been increasing interest in the principle of ‘circular shun
ting’, as it greatly influences treatment strategies for neonates with a patent ductus
arteriosus in the absence of anatomic outflow tract obstructions. Ligation or constriction of
the ductus arteriosus may result in haemodynamic improvement, and it may contribute to
improved survival in neonates with Ebstein’s anomaly.7 We should therefore carefully con
sider ductal closure in clinically unstable neonates with Ebstein’s anomaly without outflow
tract obstruction. It is even suggested that foetal circular shunting should be controlled by
transplacental treatment with non-steroidal anti-inflammatory drugs in order to avoid inutero death and to prolongate the pregnancy to a more advanced gestational age, thereby
potentially increasing the chances of neonatal survival.8
In chapter 6, we discuss surgical outcomes of 63 paediatric patients with Ebstein’s anomaly.
The median age at first operation was 25 months (range: 0-203 months), and almost half
of the patients (47%) were operated during the first year of life. Surgical strategy was
defined by the policy of the local institute. Twenty-eight patients received a tricuspid
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valve reconstruction. In three patients the reconstruction was combined with a superior
cavopulmonary connection. A variety of surgical techniques was used for the tricuspid
valve reconstruction. The majority of the patients underwent a Carpentier-Chauvaud repair,
valvuloplasty by Alfieri, monocusp repair with annuloplasty or a single annuloplasty. Only a
few patients underwent cone reconstruction.
Cardiac surgery is an evolving discipline, and new surgical strategies develop continuously.
A learning curve for better results of new techniques is required. The cone reconstruction
has revolutionised the surgical approach to Ebstein’s anomaly patients. In case there is
sufficient valve tissue, this technique promotes full coaptation of valve leaflets, creating a
central bloodstream through the new tricuspid valve.9 Encouraging results are reported in
the paediatric population as well. The Mayo Clinic published its results on 84 young patients
(< 21 years) who initially underwent a cone reconstruction (54% male, mean age 10.1 ± 5.9
years).10 Preoperative echocardiography showed severe tricuspid regurgitation in 91% of
patients. Eighty-two patients (98%) had successful cone reconstruction at the time of hospital
discharge. There was one early death and three early breakdowns (two re-repair, one tricuspid
valve replacement). There have been no early breakdowns since 2010. Follow-up information
was available for 77 patients (longest follow-up 6.5 years; mean 0.8 ± 0.2 years). The most
recent postoperative echocardiography demonstrated mild or no tricuspid regurgitation in
83%. Tricuspid stenosis (mean gradient > 5 mmHg) was present in six patients. The authors
concluded that cone reconstruction in children and young adults with Ebstein’s anomaly can
be performed with low early mortality and excellent durability at short-term follow-up.
Evaluation of surgical management in our cohort illustrates that cone reconstruction is
not regularly performed in the Netherlands. Based on the promising international results,
an enhanced centralisation of surgical care of patients with Ebstein’s anomaly should be
considered. This would increase the institution’s exposure to youngsters with Ebstein’s ano
maly, and increase patient volumes per surgeon. This could improve the surgeon’s skills and
the patient’s outcome.
Timing of surgical intervention is crucial for optimal surgical results. Surgery should be
considered prior to the deleterious effects of chronic right ventricular volume overload and
the development of right ventricular dysfunction. Presently, right ventricular function remains
impaired even years after tricuspid valve reconstruction.11-13 Too much delay in surgical
intervention for adequate right ventricular remodelling to occur might contribute to this
problem. Although the patients’ clinical status improves significantly after surgery11,14,15, this
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might predominantly be due to the effect surgery has on the left ventricle. By reducing right
atrial and right ventricular size and volume overload, the left ventricle regains the possibility
to fill freely during diastole, improving its stroke volume. In addition, improvement of the basal
and midseptal strain may contribute to improved synchronous left ventricular contraction. In
conclusion, we should consider referral of young Ebstein’s anomaly patients to specialised
centres for surgical evaluation before the development of right ventricle dysfunction.

Part III Health-related quality of life
In chapter 7, we evaluate health-related quality of life and emotional and behavioural problems
in our paediatric cohort. As far as we know, this is the first psychosocial study to specifically
target young patients with Ebstein’s anomaly. For evaluation of health-related quality of life,
patients and parents completed the internationally validated Generic Paediatric Quality of
Life Inventory (PedsQL) 4.0.16-18 The items selected for the PedsQL reflect those that are of
universal concern across age groups. The questionnaire emphasises the child’s perception.
The proxy-report scales were constructed to directly parallel the self-report items.
Although the present study showed that self-reported health-related quality of life is not
significantly reduced in most children and adolescents with Ebstein’s anomaly, except for social
functioning in children 8-12 years of age, evaluation of the patient’s health-related quality of
life should be part of serial follow-up. Five patients reported seriously reduced quality of life,
with severe feelings of sadness, troubles sleeping, and/or troubles getting along with peers.
The parents of these children did not report any of these problems, suggesting they were
unaware of their children’s feelings. Consequently, these patients were not offered support
by experienced health care workers such as psychologists or physiotherapists. The PedsQL
appears to be an uncomplicated and brief screening instrument. Routine completion of this
questionnaire by both patients and parents, might result in timely referral of those patients
at risk. We suggest online compilation of health-related quality of life questionnaires before
a patient’s regular visit at the outpatient clinic. Results should be automatically uploaded to
the patient’s medical file and if necessary, the need for referral to other health care workers
should be discussed by the patient’s treating physician.
In European studies, it is uncommon to include socioeconomic status as a risk factor for
reduced health-related quality of life. Socioeconomic status is a composite measure in
cluding income, education and employment status. It is indicative of a family’s social position.
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In congenital heart disease, it is demonstrated that socioeconomic disadvantage could
compromise survival after open-heart surgery, as measured by higher post-discharge mor
tality and more unplanned readmission events in children from families with low status.19 In
addition, an inverse relationship between families’ socioeconomic status and health-related
quality of life for paediatric patients after cardiac surgery is seen.20 Compared with children
from families with the lowest status, those with middle to high status report higher scores
across almost all dimensions of health-related quality of life, indicating better physical and
psychosocial health. The socioeconomic status of our families was categorised according
to the (2012) ISCO-08 International Standard Classification of Occupations, and was sub
divided as follows: low to middle (n = 16, 23%), middle (n = 14, 20%), high (n = 34, 48%) and
unknown (n = 7, 9%). None of our families had a low socioeconomic status. Our results might
therefore not be representative for families with low socioeconomic status.
In 2021, one out of 13 children in the Netherlands lives in poverty (Centraal Bureau voor de
Statistiek, 2020). These children may be at higher risk of reduced health-related quality of life
because of numerous familial and environmental issues. Children may have reduced access
to physical and social activities. The shame of their familial situation may result in social
withdrawal, and their future prospects may be uncertain. These children may benefit from
extra-careful psychosocial screening.
For evaluation of emotional and behavioural problems in our study cohort, patients, parents
and teachers completed the internationally validated Child Behaviour Checklist, Youth SelfReport and Teacher’s Report Form. Parents of children with Ebstein’s anomaly reported signi
ficantly more emotional problems in their children than parents in the general population.
Anxiety and depressive problems were reported by the parents in almost 23% of children.
Multiple factors may contribute to these problems. Uncertainty regarding prognosis, course
of disease or upcoming surgical interventions may increase a child’s anxiety level. Regular
hospital visits and examinations may play an important role. But parental overprotectiveness
can also promote anxiety and depressive symptoms in children with a chronic illness.21,22 When
compared to the general population, parents also reported a significantly larger proportion of
children with attention deficit/hyperactivity behavioural problems (20.0% vs. 8%, p = 0.019).
Emotional and behavioural problems were not, however, self-reported by the children and
adolescents. They did not report any emotional problems and even reported borderline
significantly (p = 0.050) fewer behavioural problems than the general population (3.8% vs.
17%). The same discrepancy in self- and proxy-reported results was seen in the evaluation of
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health-related quality of life. This underscores the fact that, although parents are the primary
health information source, the physician should carefully include the child’s perspective in his
or her evaluation and decision making.
In chapter 8, our attention is directed towards the parents of children and adolescents with
Ebstein’s anomaly. All parents reported a good acceptance of their children’s disease, and
only a few feelings of helplessness. Children are often diagnosed early in life. As we included
only parents of patients aged eight years or older, the parents in our cohort have had several
years to adapt to the their situation. It would be of interest to enlarge the cohort with
parents of younger patients.
Parenting stress can be defined as the amount of stress associated with the parent-child
relationship. Ten percent of parents reported high levels of parenting stress. Parents cope with
medical appointments, cardiac procedures and hospitalisations, but also uncertainties about
their child’s future prospects. It is suggested that parenting stress symptoms are highest
around surgical interventions, and may afterwards decrease over time. However, studies on
this topic are controversial. Overall, in line with the recommendations of the psychosocial
working group of the Association for European Paediatric and Congenital Cardiology23, we
recommend multidisciplinary psychosocial care for families of patients with Ebstein’s anomaly,
or more generally CHD, involving dedicated teams of psychologists and social workers who
screen for psychosocial problems in both children and their parents.

Future perspectives
In the current thesis, we present the results of our national paediatric cohort of all consecutive
patients diagnosed with Ebstein’s anomaly since 1980. Due to improved antenatal screening
programs for congenital heart diseases, Ebstein’s anomaly is diagnosed more accurately in
utero nowadays. Studies on outcomes and predictors of outcomes in these foetuses are
scarce. It would be of great interest to study foetuses as well. By evaluation of their natural
course, we could improve antenatal counselling of the future parents.
Although multiple case reports have been published, a consistent association between
Ebstein’s anomaly and a distinct genetic condition has not been revealed yet. Only a handful
of potential candidates have been postulated to cause Ebstein’s anomaly, e.g. different
mutations in Myosin Heavy Chain 7, explaining only a small fraction of all cases. We are
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assessing possibilities to initiate a well-structured, multi-disciplinary and multi-centre study
to understand the causal DNA variant(s) responsible for the inheritance of Ebstein’s anomaly
in order to initiate genetic counselling of parents of children with Ebstein’s anomaly and
young adults with Ebstein’s anomaly who want to start a family.
Follow-up data in our cohort is only available for patients until they turn 18 years of age. Clini
cal symptoms may change and aggravate during adulthood. Therefore, life-long follow-up
would be favourable. This can be achieved by collaboration with cardiologists for adults with
congenital heart disease. For expansion of our cohort with adult data, a national registry would
be advantageous. This registry would facilitate exchange of institutions’ experiences within the
Netherlands and abroad. The first steps towards such a registry are currently being explored.

General conclusions
The central aim of this thesis is to improve various facets of care for young patients with
Ebstein’s anomaly. During the last decades, CMR imaging has emerged as a complementary
tool for assessment of the right ventricular function in Ebstein’s anomaly. CMR has the
advantage of reliable volume assessment of both ventricles, providing more accurate
information on biventricular function. Nowadays, echocardiography and CMR are both
required for comprehensive evaluation of paediatric patients with Ebstein’s anomaly. In
patients with Ebstein’s anomaly, left-sided anomalies should not be overlooked. Patients
diagnosed with Ebstein’s anomaly in utero or within the first 30 days of life have a worse
survival rate than those diagnosed later in life. In the case of a patent ductus arteriosus
without ventricular outflow tract obstruction, closure of the ductus arteriosus should be
considered to achieve haemodynamic improvement. Complex surgical care of patients with
Ebstein’s anomaly should be centralised to increase institutions’ exposure and to improve
surgeons’ technical skills and thereby outcome of these patients. We should consider referral
for surgical evaluation before right ventricle dysfunction develops. Online compilation of the
self- and proxy-reported Generic Paediatric Quality of Life Inventory 4.0 health-related quality
of life questionnaire before regular hospital visits might result in timely referral of at-risk
patients to other experienced health care workers such as psychologists or physiotherapists.
Attention should also be directed towards the parents of paediatric patients with Ebstein’s
anomaly, as they may suffer high levels of parenting stress. Although parents are the primary
health information source, the physician should carefully include the child’s perspective in his
or her decision making.
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The central aim of this thesis is to improve various facets of care for young patients with
Ebstein’s anomaly. Retrospectively, we assembled paediatric patient data since 1980 to study
factors at time of diagnosis associated with death during childhood. We assessed left-sided
anomalies and studied long-term surgical outcomes in a subgroup of this cohort. In addition,
we approached patients 8-17 years of age to evaluate the clinical use of echocardiography
and cardiac magnetic resonance (CMR) imaging for diagnosis, severity classifications and
serial follow-up. We assessed self- and proxy-reported health-related quality of life and
studied emotional and behavioural problems. At last, we evaluated parental mental health.
The main findings of each chapter will be summarised below.
In chapter 1, we introduce the rare congenital heart defect Ebstein’s anomaly. We describe
how the defect develops and explain its morphological and haemodynamic features.
During normal cardiac embryogenesis, multiple endocardial cushions grow into the lumen
of the atrioventricular canal. Subsequently, fenestrations start to develop in the underlying
myocardial layer, resulting in complete delamination of the tricuspid valve tissue from the
ventricular wall. In Ebstein’s anomaly, this delamination process fails. Fenestrations fail to
develop, resulting in incomplete detachment of the valve leaflets. However, Ebstein’s anomaly
is not only a delamination defect. Ebstein’s anomaly affects both the tricuspid valve and the
right ventricle. In addition, the marked dilatation of the right ventricle can affect the structure
and function of the interventricular septum and left ventricle as well.
The thesis is divided into three parts: 1) Diagnosis and follow-up; 2) Management and
outcome; and 3) Health-related quality of life.
In chapter 2, we provide a detailed overview of Ebstein’s anomaly during childhood. Clinical
presentation varies widely, from mild symptoms to severe heart failure resulting in death. Echocardiography is the most important diagnostic tool for children with Ebstein’s anomaly. A displacement of the hinge point of the septal leaflet of the tricuspid valve from the insertion of the
anterior leaflet of the mitral valve towards the right ventricular outflow tract of ≥ 8 mm/m2 body
surface area distinguishes Ebstein’s anomaly from other malformations associated with tricuspid
regurgitation. In most patients with Ebstein’s anomaly, electrocardiogram findings are abnormal,
especially in older patients, but they are not diagnostic. Exercise testing may assist in determining the severity of the disease. The cardiac silhouette on chest radiography may vary from
almost normal to a typical configuration of a box or balloon-shaped heart with a narrow waist.
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Neonates on mechanical ventilation with persistent need for inotropic support, often require
immediate surgical intervention to survive. These interventions, however, remain extremely
challenging. Therapeutic options after infancy are more promising. New surgical techniques
have been developed over the last decades, which might alter both prognosis and quality of
life during childhood and later in life.
In chapter 3, we carefully evaluate the clinical use of echocardiography and CMR. A total
of 23 paediatric patients aged 8-17 years underwent medical history, physical examination,
electrocardiogram, cardiopulmonary exercise testing, echocardiography and CMR. By echo
cardiography, it was often difficult to acquire images encompassing the entire functional right
ventricle (fRV). The median fRV fractional area change (FAC) was 38%. The tricuspid annular
plane systolic excursions and functional right ventricle free wall peak systolic myocardial
velocity were reduced in 39% and 75% of patients, respectively. Echocardiographic tricuspid
regurgitation was visually graded as mild, moderate or severe in nine, six and eight patients,
respectively. Left ventricular functional assessment by echocardiography was challenging as
well, as the left ventricle appeared rather compressed and less spherical. By CMR, volume and
functional assessment of both right and left ventricle was well feasible. The median ejection
fraction of the functional right ventricle (fRVEF) was 49% and tricuspid regurgitation was
graded as mild, moderate or severe in nine, 12 and two patients, respectively. Left ventricular
ejection fraction was often slightly, decreased in 70% of cases.
The correlation between echocardiography-derived fRV-FAC and CMR-derived fRVEF was
excellent. The correlation between echocardiography- and CMR-derived tricuspid regur
gitation severity was only moderate. Correlation between the displacement index and the
Celermajer index as measured by both echocardiography and CMR was excellent as well.
There was a good correlation between the echocardiography- and CMR-derived displacement
index and the minute ventilation/carbon dioxide production (VE/VCO2) slope.
We conclude that although echocardiography is a versatile tool in the complex geometry of
the Ebstein heart, it has limitations. CMR has the advantage of reliable volume assessment
of both ventricles. Comprehensive evaluation of paediatric patients with Ebstein’s anomaly
therefore requires both echocardiography and CMR.
In chapter 4, we emphasise that Ebstein’s anomaly is not a right-sided heart defect alone.
We describe six patients who presented with Ebstein’s anomaly and a severe aortic arch
lesion. Four presented in the neonatal period with cyanosis, hepatomegaly and respiratory
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insufficiency. In all four patients, a successful repair of the aortic arch was performed.
Nevertheless, one patient died four weeks after surgery due to sepsis. The fifth patient was
diagnosed in utero with Ebstein’s anomaly, a muscular ventricular septal defect and a severe
aortic coarctation. As a new-born, the aortic arch was repaired, the ventricular septal defect
was closed entirely, and the atrial septal defect was partially closed. The sixth patient was
diagnosed as well in utero with Ebstein’s anomaly. She appeared in good clinical condition
and was discharged five days after birth. Two months later she experienced cyanosis, mild
tachy-dyspnoea and difficulty feeding. The echocardiogram revealed an aortic coarctation
and the following day an end-to-end repair of the aortic arch was performed.
Aortic arch lesions are not the only left-sided anomaly found in patients with Ebstein’s anomaly.
In our national cohort, 19/176 (11%) patients show left-sided anomalies. These include the six
patients with an aortic arch lesion (one with a bicuspid aortic valve), five patients with noncompaction left ventricle (one with a mitral valve cleft), four with a bicuspid aortic valve,
three patients with mitral valve anomalies (two with a prolapse, one with a hypoplastic mitral
valve) and one patient with a congenital tricuspid aortic valve stenosis. In conclusion, leftsided anomalies should not be overlooked in patients with Ebstein’s anomaly.
In chapter 5, we study factors at the time of diagnosis, associated with death during
childhood. Eighteen percent (31/176) of our patients died during childhood. The one-year
survival after diagnosis is 84% and remains stable at 82% from 35 months after diagnosis and
onwards. Modified Ross Heart Failure Class 4 at the time of diagnosis, is the most important
risk factor for death during childhood (Hazard Ratio, HR 12.5; 95% Confidence Interval, CI
4.4 to 35.9). Furthermore, diagnosis within the neonatal period (HR 4.2; 95%CI 1.5 to 12.0),
severe tricuspid regurgitation (HR 2.4; 95%CI 1.2 to 5.0), severe right ventricular outflow
tract obstruction (HR 3.7; 95%CI 1.8 to 7.7) and a patent ductus arteriosus (HR 2.8; 95%CI
1.3 to 6.0) at the time of diagnosis are univariately associated with death. Multivariable
analysis shows that presentation with severe heart failure and a ventricular septal defect is
the strongest predictor of death during childhood and adolescence.
We discuss the clinical relevance of these results. First, when we diagnose a child with
Ebstein’s anomaly, we must consider the child’s age at the time of diagnosis. Children
diagnosed within the first 30 days of life only have a one-year survival of 78% compared with
95% for patients diagnosed after the neonatal period. Second, when the child presents with
severe heart failure, the risk of death during childhood is high. When the child is perfectly
stable at the time of diagnosis, the prognosis is excellent. Third, when the child presents
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with severe heart failure, we should search for an additional ventricular septal defect, as this
increases mortality risk.
In chapter 6, we study the intended treatment (biventricular or 1.5 ventricle repair or uni
ventricular palliation), freedom from unplanned reoperations and survival of paediatric
patients with Ebstein’s anomaly who required childhood surgery. Sixty-three patients under
went a total of 109 operations. Median follow-up after diagnosis was 121 months (range 0-216
months). Twenty-nine (46%) patients required surgery within the first year of life, including
21 who required neonatal surgery. The intended treatment was biventricular (n=37, 59%)
and 1.5 ventricle (n=5, 8%) repair or univentricular (n=21, 33%) palliation. However, in nine
patients the final repair was a cross-over. The one-, five-, and 10-year freedom from unplanned
reoperation was 89%, 79%, and 75% respectively. There were nine (14%) in hospital deaths
(within 30 days after surgery). Causes of death were low cardiac output syndrome, cardiac
failure, hypoxaemia, pulmonary hypertension or unknown cause. There were no late deaths.
We conclude that surgery during childhood represents the worst spectrum of disease; often
a biventricular repair cannot be applied and patients frequently face revision surgery.
In chapter 7, we evaluate self- and proxy-reported health-related quality of life and emotional
and behavioural problems in children and adolescents with Ebstein’s anomaly by means
of the following questionnaires: Generic Paediatric Quality of Life Inventory 4.0 (for ages
8-12/13-17 years), Child Behaviour Checklist, Youth Self-Report and the Teacher’s Report
Form. Questionnaires for 38 patients (median age: 13 years; 48% male) were completed by
patients themselves, parents and schoolteachers. Compared to normative data, self-reported
health-related quality of life is not significantly impaired, except for social functioning in
children aged 8-12 years. We speculate that these young children might feel different be
cause of their cardiac condition and missing out on school makes them feel isolated from
peers. Moreover, overprotection by parents and/or reduced exercise tolerance can result
in less sports or leisured time activities/clubs with friends, and by consequence in reduced
social skills due to limited social experiences. Adolescents might have developed coping
strategies, while younger patients might not have been able to do so yet.
Gender, severity of tricuspid regurgitation or previous surgery do not predict healthrelated quality of life. There is a poor agreement in scores between patients and parents. In
paediatric health care, doctors often convey and obtain information primarily from parents
during hospital visits. This study emphasises the need to listen carefully to both patients and
parents.
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Parents report significantly more internalising (anxiety/depression), attention and thought
problems in their children. A protective parenting style, which is recognisable to most
paediatricians, may be an important risk factor. These problems are not, however, recognised
by patients themselves. Schoolteachers report significantly fewer externalising problems
compared to the norm. To summarise, despite an overall satisfactory health-related quality of
life, parents do report more behavioural and emotional problems in their children. Therefore,
we recommend routine health-related quality of life and psychological assessment to screen
for less apparent internalising and psychosocial problems in young patients with Ebstein’s
anomaly.
In chapter 8, we focus on the parents of children with Ebstein’s anomaly. We assess both
parental illness cognitions and parenting stress, as they both contribute to mental health
problems in parents of children with congenital heart disease. Overall, parents reported good
acceptance of their children’s disease and few feelings of helplessness. Four parents (10%)
reported alarmingly high levels of parenting stress. To identify high levels of parenting stress
and to provide early intervention, we recommend timely screening for psychosocial problems
not only in children with Ebstein’s anomaly, but in their parents as well.
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Nederlandse samenvatting
Het doel van dit proefschrift is diverse facetten van de zorg voor jonge patiënten met een
Ebsteinse anomalie te verbeteren. We hebben retrospectief data verzameld van alle kinderen
die in Nederland sinds 1980 met een Ebsteinse anomalie zijn gediagnosticeerd. We hebben
onderzocht welke factoren op het moment van diagnosestelling, gepaard gingen met een
verhoogd risico op overlijden op kinderleeftijd. We benadrukken hoe belangrijk het is om
ook naar linkszijdige hartafwijkingen te kijken bij deze aandoening. Ook hebben we de
resultaten van hartchirurgie in een subpopulatie bekeken. Daarnaast hebben we kinderen
van 8-17 jaar benaderd en gekeken naar de klinische toepassing van echocardiografie en
kernspintomografie (in het Engels magnetic resonance imaging, MRI) voor het stellen van de
diagnose, bepalen van de ernst van de ziekte en voor de reguliere follow-up. Ook hebben we
onderzocht hoe deze kinderen hun kwaliteit-van-leven beoordelen en of ze meer emotionele
en/of gedragsproblemen vertonen dan gezonde leeftijdsgenoten. Als laatste hebben we ons
gericht op het welzijn van de ouders van onze patiënten. We evalueerden hun ziektecognitie
en het niveau van stress dat ze ervaren tijdens het opvoeden van hun kind. Dit omdat beide
parameters geassocieerd zijn met het mentaal welbevinden van ouders van kinderen met een
aangeboren hartafwijking. De belangrijkste onderzoeksresultaten zullen we per hoofdstuk
samenvatten.
In hoofdstuk 1 introduceren we de zeldzame aangeboren hartafwijking Ebsteinse anomalie.
We beschrijven hoe dit ziektebeeld ontstaat en we besteden aandacht aan de belangrijkste
morfologische en hemodynamische aspecten. Tijdens de cardiogenese groeien er endocardiale
kussens in het lumen van het atrioventriculaire kanaal. Onder deze endocardiale kussens, in
de wand van de rechterkamer, ontstaan fenestaties welke steeds groter worden. Hierdoor
komt het weefsel van de endocardiale kussens, de uiteindelijke tricuspidaalklep, vrijwel
helemaal los van de wand. In een Ebsteinse anomalie worden deze fenestaties onvoldoende
gevormd, waardoor het weefsel van de tricuspidaalklep grotendeels vast blijft zitten aan de
wand van de rechterkamer. Bij een Ebsteinse anomalie is echter de rechterkamer zelf ook
afwijkend. En wanneer deze rechterkamer enorm vergroot is, verandert ook de structuur en
de functie van het kamertussenschot en de linkerkamer. Kortom, een Ebsteinse anomalie is
een aandoening die het gehele hart betreft.
Het proefschrift is onderverdeeld in drie delen: 1) Diagnose en follow-up; 2) Behandeling en
uitkomsten; en 3) Kwaliteit-van-leven.
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In hoofdstuk 2 geven we een uitgebreid overzicht van Ebsteinse anomalie op kinderleeftijd.
Het klinisch beeld van deze ziekte varieert enorm. Sommige kinderen ervaren nauwelijks
klachten of symptomen tot aan de volwassen leeftijd, terwijl andere kinderen al spoedig
na de geboorte overlijden door ernstig hartfalen. De diagnose Ebsteinse anomalie wordt
gesteld middels echocardiografie. Een verplaatsing van de insertie van het septale klepblad
van de tricuspidaalklep richting de rechterkamer uitstroombaan ten opzichte van de
insertie van het anterieure klepblad van de mitraalklep van > 8 mm/m2 lichaamsoppervlak,
onderscheid een Ebsteinse anomalie van andere ziektebeelden met een ernstige lekkage van
de tricuspidaalklep. Ook het hartfilmpje is vaak afwijkend in patiënten met een Ebsteinse
anomalie, vooral naarmate ze ouder worden. Inspanningstesten kunnen verricht worden om
de ernst van de afwijking in kaart te brengen. Op een röntgen thoraxfoto kan een typische
hartfiguur worden waargenomen, vaak in de vorm van een vierkante doos of een ballon met
een slanke taille.
Neonaten die beademd moeten worden en intropica nodig hebben, behoeven vaak chirurgisch
ingrijpen om te overleven. Kinderen die al op zo een jonge leeftijd geopereerd moeten worden,
hebben over het algemeen een veel minder gunstige prognose, dan kinderen die pas later in
hun leven geopereerd hoeven te worden. Wel zijn er afgelopen decennia nieuwe chirurgische
technieken ontwikkeld, die zowel de morbiditeit als de mortaliteit lijken te verbeteren.
In hoofdstuk 3 evalueren we het gebruik van echocardiografie en MRI in de dagelijkse
praktijk. Bij 23 patiënten werd een anamnese afgenomen en zij ondergingen een lichamelijk
onderzoek, hartfilmpje, inspanningstest, echocardiografie en MRI. Middels echocardiografie
is het vaak moeilijk om vierkamerbeelden te verkrijgen waar de gehele rechter kamer op
wordt afgebeeld. De mediane ‘fractional area change’ (FAC) van het functionele gedeelte
van de rechter kamer (fRV) was 38%. De ‘tricuspid annular plane systolic excursions’ en
de ‘peak myocardial velocity’ van de vrije wand van de fRV waren verlaagd in 39% en 75%
van de patiënten, respectievelijk. De ernst van de tricuspidaalklepinsufficiëntie was mild,
matig danwel ernstig in negen, zes en acht patiënten, respectievelijk. Beoordeling van de
linkerkamerfunctie middels echocardiografie is uitdagend, omdat de linkerkamer vaak ge
comprimeerd wordt door het kamertussenschot. Middels MRI is het kamervolume en de
kamerfunctie goed te meten. De mediane ejectiefractie van de fRV (fRVEF) was 49%. De ernst
van de tricuspidaalklepinsufficiëntie was mild, matig danwel ernstig in negen, twaalf en twee
patiënten, respectievelijk. De ejectiefractie van de linkerkamer (LVEF) was, meestal gering,
afgenomen in 70% van de patiënten.
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De correlatie tussen de fRV-FAC en fRVEF was uitstekend. De correlatie tussen de echo
cardiografie en MRI gemeten ernst van de tricuspidaalklepinsufficiëntie was matig. De
correlatie tussen de displacement index en de Celermajer index was ook uitstekend. Er was
ook een goede correlatie tussen de displacement index en de slope van de relatie tussen de
minuutventilatie en koolstofdioxideproductie (VE/VCO2).
We concluderen dat echocardiografie in het complexe Ebstein hart beperkingen kent. De MRI
heeft het grote voordeel dat het betrouwbaar volumina kan meten die belangrijk zijn voor
het accuraat beoordelen van de kamerfuncties. Voor een goede klinische evaluatie van jonge
patiënten met een Ebsteinse anomalie is het advies zowel een echocardiografie als een MRI
te verrichten.
In hoofdstuk 4 benadrukken we dat Ebsteinse anomalie niet alleen een ziekte van de rechter
harthelft is. We beschrijven zes patiënten met een Ebsteinse anomalie die daarnaast ook
een ernstige afwijking van de aortaboog hadden. Vier patiënten presenteerden zich met
cyanose, hepatomegalie, en respiratoire insufficiëntie. Alle vier ondergingen ze een succes
volle reconstructie van de aortaboog. Echter, een patiënt overleed vier weken later aan
een sepsis. De vijfde patiënt was reeds antenataal gediagnosticeerd met een Ebsteinse
anomalie, een musculeus ventrikelseptumdefect en een coarctatio aortae. Na de geboorte
werd de boog gecorrigeerd, het ventrikelseptum defect volledig gesloten en het aanwezige
atriumseptumdefect werd partieel gesloten. De zesde patiënt was ook in utero gediagnos
ticeerd met een Ebsteinse anomalie. Na vijf dagen observatie mocht zij in goede conditie het
ziekenhuis verlaten. Twee maanden later presenteerde zij zich met cyanose, tachydyspnoe
en voedingsproblemen. Echocardiografisch werd een coarctatio aortae vastgesteld, welke de
volgende dag werd gecorrigeerd.
Afwijkingen van de aortaboog zijn niet de enige linkszijdige hartafwijkingen in patiënten
met een Ebsteinse anomalie. In ons nationale cohort toonde 11% (19/176) van de patiënten
linkszijdige anomalieën. Hieronder vallen de zes patiënten met de afwijkingen aan de aortaboog
(een met bicuspide aortaklep), vijf patiënten met een non-compactie van de linkerkamer (een
met een cleft van de mitraalklep), vier patiënten met een bicuspide aortaklep, drie patiënten
met een afwijkende mitraalklep (twee met prolaps, een met hypoplasie) en een patiënt met
een aortaklepstenose bij een tricuspide klep. Samengevat, is het van groot belang om bij het
stellen van de diagnose Ebsteinse anomalie, ook de linker harthelft kritisch te screenen op
relevante afwijkingen.
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In hoofdstuk 5 bestuderen we welke factoren op het moment van diagnose gepaard gaan
met een verhoogd risico op overlijden op kinderleeftijd. In ons cohort overleed 18% (31/176)
van de patiënten voor het 18e levensjaar. De een-jaars overleving na diagnose was 84% en
deze bleef stabiel op 82% vanaf 35 maanden na diagnose. Ernstig hartfalen, geclassificeerd
als klasse 4 volgens de Modified Ross Heart Failure criteria, op het moment van diagnose
is de belangrijkste risicofactor voor overlijden op de kinderleeftijd (Hazard Ratio, HR 12.5;
95% Confidence Interval, CI 4.4-35.9). Daarnaast waren ook diagnose binnen de eerste
30 levensdagen (HR 4.2; 95%CI 1.5-12.0), ernstige tricuspidaalklepinsufficiëntie (HR 2.4;
95%CI 1.2-5.0), ernstige rechterkamer uitstroombaanobstructie (HR 3.7; 95%CI 1.8-7.7) en
een persisterende ductus arteriosus (HR 2.8; 95%CI 1.3-6.0) op het moment van diagnose
geassocieerd met overlijden voor het 18e levensjaar. Multivariabele analyse toont dat
presentatie met ernstig hartfalen in aanwezigheid van een ventrikelseptumdefect de sterkste
voorspeller van overlijden op kinderleeftijd is.
Deze onderzoeksresultaten zijn klinisch relevant om diverse redenen. Ten eerste, ten tijde van
de diagnose, moeten we de leeftijd van het kind in acht nemen. Kinderen die gediagnosticeerd
worden binnen de eerste 30 levensdagen hebben een een-jaars overleving van slechts 78%
ten opzichte van 95% voor kinderen die na de eerste 30 levensdagen worden gediagnos
ticeerd. Ten tweede, als een kind zich presenteert met ernstig hartfalen, is het risico op
overlijden hoog. Daarentegen, wanneer we de diagnose Ebsteinse anomalie stellen bij een
kind dat klinisch in uitstekende conditie is, is de prognose van dit kind op kinderleeftijd
uitstekend. Als laatste, is het van belang om bij een kind dat zich presenteert met ernstig
hartfalen, op zoek te gaan naar de aanwezigheid van een ventrikelseptumdefect, omdat deze
combinatie gepaard gaat met een hogere mortaliteit.
In hoofdstuk 6 onderzoeken we chirurgische interventies (biventriculaire of 1.5 ventriculaire
correctie danwel univentriculaire palliatie), het uitblijven van ongeplande re-operaties en de
overleving van kinderen met een Ebsteinse anomalie die op kinderleeftijd geopereerd zijn.
Drieënzestig patiënten ondergingen in totaal 109 operaties. Mediane follow-up na diagnose
was 121 maanden (0-216 maanden). Negenentwintig (46%) patiënten werden gedurende het
eerste levensjaar geopereerd, 21 hiervan reeds binnen de eerste 30 levensdagen. De beoogde chirurgische interventie was biventriculaire (n = 37, 59%) of 1.5 ventriculaire (n = 5,
8%) correctie, danwel univentriculaire (n = 21, 33%) palliatie. Echter, in negen patiënten vond
een cross-over plaats, zodat zij uiteindelijk een ander type correctie hebben gekregen. Het
uitblijven van ongeplande re-operaties na een, vijf, en 10 jaar werd gezien in 89%, 79%, en
75% van de patiënten, respectievelijk. Negen patiënten (14%) zijn binnen 30 dagen na de
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operatie overleden. Doodsoorzaken waren lage cardiale output syndroom, ernstig hartfalen,
hypoxie, pulmonale hypertensie of onbekende oorzaak. Er overleden geen patiënten later dan
30 dagen postoperatief. We concluderen, dat patiënten die reeds op jonge leeftijd geopereerd moeten worden, aan de ongunstige kant van het klinische spectrum staan. Vaak is een
biventriculaire correctie dan niet mogelijk. Bovendien moeten deze jonge kinderen frequent,
ongepland, opnieuw geopereerd worden.
In hoofdstuk 7 evalueren we de kwaliteit-van-leven in onze populatie, beoordeeld door zowel
patiënten als beide ouders. Daarnaast onderzoeken we het voorkomen van emotionele en
gedragsproblemen. Hiervoor werden een viertal kwaliteit-van-leven vragenlijsten gebruikt:
Generic Paediatric Quality of Life Inventory 4.0 (leeftijd 8-12/13-17 jaar), Child Behaviour
Checklist, Youth Self-Report en de Teacher’s Report Form. Achtendertig patiënten (mediane
leeftijd 13 jaar, 48% man), ouders en leraren hebben de vragenlijsten ingevuld. Ten opzichte
van gezonde leeftijdsgenootjes, beoordeelden onze patiënten hun kwaliteit-van-leven als
gemiddeld. Alleen het sociale functioneren van patiënten tussen 8-12 jaar werd lager dan
gemiddeld gescoord. We speculeren dat deze jonge kinderen zich toch anders voelen dan
kinderen zonder hartafwijking. Door schoolverzuim voelen ze zich misschien meer afgesloten.
Eventuele overbescherming van ouders en/of verminderde inspanningstolerantie kan leiden
tot minder deelname aan sport- of vrijetijdsactiviteiten met vrienden, wat weer kan resulteren
in verminderde sociale vaardigheden. Adolescenten hebben hier misschien reeds mee leren
omgaan, jonge kinderen nog niet.
Geslacht, ernst van de tricuspidaalklepinsufficiëntie of eerdere chirurgische interventie hebben
geen invloed op de ervaren kwaliteit-van-leven. We zien een slechte correlatie tussen scores
van patiënten en die van hun ouders. Binnen de kindergeneeskunde laten artsen zich in hun
behandeling toch vaak leiden door uitspraken van ouders. Deze studie benadrukt dat het
essentieel is om, indien mogelijk, ook het kind zoveel mogelijk te betrekken bij het consult.
Ouders van kinderen met Ebsteinse anomalie, rapporteerden meer emotionele en gedrags
problemen, zoals angst en depressie, bij hun kinderen dan ouders van gezonde leeftijdsgenoten.
Ouderlijke overbescherming speelt hierbij mogelijk een rol. De kinderen zelf rapporteerden deze
problemen echter niet. Schoolleraren beoordelen het gedrag van onze patiënten op school juist
beter dan het gedrag van gezonde leeftijdsgenoten. Samengevat, ondanks dat de kwaliteit-vanleven over het algemeen als gemiddeld wordt gescoord, rapporteren ouders meer emotionele
en gedragsproblemen in hun kinderen. We adviseren daarom routinematige screening op onder
liggende psychosociale problematiek in onze jonge patiënten met een Ebsteinse anomalie.
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In hoofdstuk 8 richten we ons op de ouders van onze patiënten met een Ebsteinse anomalie.
We evalueerden zowel hun ziektecognitie als de door hun ervaren opvoedingsstress. Dit
omdat beiden bijdragen aan mentale gezondheidsproblemen van ouders van kinderen met een
aangeboren hartafwijking. Over het algemeen rapporteerden ouders een goede acceptatie
van de ziekte van hun kind en ze rapporteerden weinig gevoelens van hulpeloosheid. Toch
ervaart 10% van de ouders een buitengewoon hoog niveau van opvoedingsstress. Behoudens
routinematige screening op onderliggende psychosociale problematiek in onze jonge patiën
ten met een Ebsteinse anomalie, adviseren we ook aandacht te besteden aan het welbevinden
van beide ouders, en daarmee de rest van het gezin.
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Research Data Management
This thesis is based on the results of human studies, which were conducted in accordance
with the principles of the Declaration of Helsinki. Research data presented in this thesis were
archived according the Findable, Accessible, Interoperable and Reusable (FAIR) principles.
The medical and ethical review board Committee on Research Involving Human Subjects
of the Erasmus Medical Centre reviewed our research proposal. While we only collected
patient data of regularly performed examinations and answers of health-related quality of life
questionnaires, the Committee informed us, that the rules laid down in the Medical Research
Involving Human Subjects Act (also known by its Dutch abbreviation WMO), do not apply
to this research proposal (MEC-2016-752). This was agreed upon by the medical and ethical
review board Committees of all collaborating Medical Centres: The University Medical Centre
Nijmegen, University Medical Centre Groningen, Maastricht University Medical Centre Plus,
University Medical Centre Utrecht, Leiden University Medical Centre, Amsterdam University
Medical Centre and Máxima Medical Centre, location Veldhoven.
In our studies, patients were first contacted by their treating physician. Permission of the
patients was asked to be contacted by the principal investigator. After permission was
granted, the principal investigator contacted the patients to inform them about the study.
Permission was asked to send the parents and patients age-appropriate patient information
forms and questionnaire booklets containing the written informed consent and health-related
quality of life questionnaires.
Questions concerning the study could be asked directly to the principle investigator by phone,
email or face-to-face during their regular visit at the outpatient clinic. The informed consent
was signed by the parents, patients (in case > 12 years of age) and principal investigator.
The privacy of the participants in this study is warranted by use of encrypted and unique
individual subject codes. The code was stored separately from the study data.
Original results of the physical examination, electrocardiogram, echocardiography, exercise
testing and cardiac magnetic resonance were stored at the local institution. Required
information was collected on well-structured, all-compassing, paper Case Report Forms
(CRF). Patients were identified by their individual subject codes, the CRF did not contain any
personal data. Health-related quality of life questionnaires were supplied with the individual
subject codes as well, and did not contain personal data either. The paper data were stored
in the department archive (UMC Nijmegen, room M999.04.424, closet number 9).
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All study data (CRF and questionnaires) was inserted in the Castor Electronic Data Capture
(EDC) at www.castoredc.com. Again, patients were identified by their individual subject
codes, Castor EDC did not contain any personal data. Only the data manager of the Amalia
Children’s Hospital and the principle investigator have access to this database. All study data
was converged from Castor EDC to SPSS (SPSS Inc., Chicago, Illinois, USA) files. These SPSS
files, are stored on the UMC Nijmegen department server: (H:)DEPTdata$(\\umcfs083) under
DEPT ARCHIEF.
For the study in chapter 3, the original DICOM images of the echocardiography and CMR
were required for further analysis at the core lab at the UMC Nijmegen. Raw data was
assigned the individual subject codes and saved on a CD. These CD’s are collected at the
UMC Nijmegen and stored in a locked cabinet in the UMC Nijmegen (room M330.02.016).
The patient data for the analyses of the studies as presented in all other chapters (4, 5, 6,
7 and 8) is stored on the departments’ H-drive (H:\Dept\Research\ProjectLG\Investigators
file\Database lock) in SPSS format. The data will be saved for 15 years after termination of
the study (October 2020). Using these patient data in future research, is only possible after
a renewed permission by the patient as recorded in the informed consent. The datasets
analysed during these studies are available from the corresponding author on reasonable
request.
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dank aan Prof. dr. P.H. Schoof, Prof. dr. W.P. de Boode, Prof. dr. T. Leiner en Dr. R. Bökenkamp
voor het plaatsnemen in de oppositie.
Prof. dr. N.C.A.J. van de Kar, beste Nicole, jij hebt de basis gelegd voor mijn enthousiasme
voor het wetenschappelijk onderzoek. Ik heb enorm veel waardering voor hoe jij gezin, werk
en succes met elkaar weet te verbinden. Ondanks dat ik van nieren niet veel af wist, heb jij
me enthousiast gemaakt voor het aHUS. Je hebt me laten inzien hoe mooi het is je ergens
in te verdiepen, en een beetje bij te kunnen dragen aan de kennis en wetenschap. Jouw
enthousiasme werkt aanstekelijk. Ik hoop dat ik mijn hele loopbaan hieraan vast kan houden.
Heel veel dank aan het Ebstein team:, Zina Fejzic, Lieke Rozendaal, Tammo Delhaas en later
Stefan Frerich, Gideon du Marchie Sarvaas, Irene Kuipers, Henriëtte ter Heide en Wim Helbing.
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Zonder jullie inzet, ondersteuning en feedback zou dit proefschrift hier niet liggen. Ik hoop
van harte dat we ook toekomstig nog fijn mogen samenwerken.
Daarnaast natuurlijk veel dank aan alle andere co-auteurs die aan dit proefschrift hebben
bijgedragen, waaronder kindercardiothoracaal chirurg Prof. dr. A.J.J.C. Bogers, dank Ad voor
jouw enorme bijdrage aan hoofdstuk 6, en Prof. dr. E.M.W.J. Utens, dank Lisbeth voor jouw
waardevolle bijdrage aan hoofdstuk 7.
Als onderzoeker mocht ik deel uitmaken van het MUSIC team, waarvoor heel veel dank aan
jullie allemaal. Ik heb altijd veel waarde gehecht aan onze koffiemomentjes op de gang,
waarbij jullie altijd een luisterend oor hadden, of het nu ging over nieuwe banen, verhui
zingen of vreselijke verbouwingen. Een bijzonder dank aan Gert Weijers, jij hebt me vanaf
dag een ondersteund met het ordenen van data, interpreteren en kritisch beoordelen van
strainanalyses en meer.
Wanneer je naast een drukke baan werkt aan onderzoek, is het hebben van fijne collegae op
de werkvloer heel waardevol. Ik heb het genoegen gehad met heel veel fantastische collegae
samen te werken in diverse ziekenhuizen, teveel om allemaal bij naam te noemen. Bijzonder
dank aan Zina, Floris, Ronald, Annette, Ewout, Berry, Nelly, Imke, Nina, Marianne, Ilse, Ramona
en de rest van het ACAHA team. Het was heel fijn thuiskomen bij jullie toen ik uit Duitsland
terug kwam, dank daarvoor.
Ook veel dank aan mijn huidige collegae uit het Wilhelmina Kinderziekenhuis, Trinette, Martijn,
Mirella, Christian B, Gabriëlle, Hans, Henriëtte, Gregor, Heynric, Marieke, Kim, Henk, Christian S
en Jörg; de echografisten Marieke, Esther, Julia, Annemarie M, Sander, Anne, Annemarie MS,
Wendy, Rinetta; de kindercardiothoracaalchirurgen Paul, Felix, Bram en Hanna; onze waarde
volle ondersteuning Hanneke, Simona, Ingrid, Jannita, Marieke, Mariska, Anneke, en de rest
van het fantastische team waar ik mee samenwerk. Ik ben oprecht heel blij en trots van deze
groep deel te mogen uitmaken.
Gute Kollegen sind diejenigen, an die man noch Jahre später zurückdenkt und mit denen
man trotz sehr viel Arbeit die schönste Zeit des Lebens hatte. So tolle Kollegen findet man
nicht jeden Tag, aber ich habe sie gefunden im St. Antonius Krankenhaus Kleve und an der
Medizinische Hochschule Hannover. Vielen lieben Dank für alles.
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Maar naast alle steun op de werkvloer, zou ik nergens zijn zonder lieve vrienden en familie.
Wat hebben jullie toch vaak geluisterd naar mijn verhalen. Jullie hadden altijd goede tips en
wijze raad, dank voor al jullie steun.
Mijn paranimfen Carmen Severijns-Rijvers en Inge Ahout, beiden dierbare vriendinnen sinds
onze eerste onderwijsgroep in 2002. Lieve Carmen, wat een geweldige vriendin ben jij. Alles
kunnen we met elkaar delen, en dat doen we dan ook graag. We voelen elkaar zo goed aan,
dat er vaak maar weinig woorden nodig zijn. Ik heb veel bewondering voor je. Uiteindelijk
heb je een specialisatie gekozen, pathologie, waar je echt in uitblinkt. Je bent een expert in
placenta pathologie en ik weet zeker dat er een prachtige carrière voor je ligt, met nationale
en internationale bekendheid. Ik ben megatrots op je. Lieve Inge, wat heb jij me veel steun
gegeven afgelopen jaren. Na onze sportavondjes had je altijd een luisterend oor en door jouw
eigen ervaring, ook veel wijze raad. Jouw deur stond altijd wagenwijd open als ik weer een
keertje naar Nederland kwam, en ook onze dochter Isabella werd vol liefde ontvangen. Jouw
warme en lieve persoonlijkheid zijn heel bijzonder, wat ben ik blij voor Evi.
Lieve Germano, amore mio, ce l’abbiamo fatta! Dit proefschrift hebben we samen neergezet,
wat een teamwork! Er valt niet in woorden uit te drukken wat jij voor mij betekent, al 22 jaar.
Jouw onvoorwaardelijke steun en vertrouwen, jouw luisterend oor, ook midden in de nacht,
en jouw bemoedigende woorden zijn onbetaalbaar. Zoveel dank voor al jouw vriendschap en
liefde die ik elke dag voel. Ook ben ik dankbaar voor onze prachtige dochters, Isabella en
Olivia. Jullie maken van elke dag een feestje, puur genieten. Voi tre, siete il mio mondo.
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Il sorriso dei propri figli è come il sole,
illumina la casa e riscalda il cuore

