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Chapter 1

Congenital heart defects (CHD) are the most common congenital defect with a 
prevalence of 6-10 per 1 000 newborns.1 These concern a severe heart defect in 2-3 
per 1 000 newborns, which is defined as the need for surgery or an intervention within 
the first year of life.2 The clinical presentation of (severe) congenital heart defects can 
vary significantly between diagnoses. Timely recognition of CHD is therefore warranted 
to prevent potentially life-threatening situations or permanent damage, as CHD remain 
one of the leading causes of congenital defect-related infant morbidity and mortality.3 
The majority of infant deaths attributable to CHD occur within the first 28 days after 
birth (also known as the neonatal period).4

One of the major changes in the transition from fetal to neonatal circulation is the 
closure of the ductus arteriosus, which generally closes within 72 hours after birth.5 
Neonates with a ductal-dependent CHD, however, rely upon a patent ductus arteriosus 
(PDA) to enable sufficient blood supply to the pulmonary or systemic circulation or allow 
adequate mixing between parallel circulations. Prostaglandin administration directly 
after birth can prevent acute cardiac decompensation in these patients and bridge the 
time until surgery is feasible.6

The majority of critical CHD neonates are symptomatic and therefore identified soon 
after birth. However, up to 30% of critical CHD neonates appear normal on routine 
examination and may be discharged home without diagnosis.7, 8 The mortality risk in 
critical CHD neonates that remain unidentified during birth hospitalization, is reported 
to be as high as 30%.9 If the time to diagnosis and referral to a tertiary care center 
with expertise and optimal neonatal care is longer, the morbidity and mortality risk 
in these cases has proven to increase as well.9, 10 Timing of clinical manifestation may 
vary significantly between critical cardiac defects. Especially cardiac defects that do not 
depend upon a patent ductus arteriosus are unlikely to become symptomatic within the 
first 72 hours, yet a delayed diagnosis can result in similarly poor outcomes. Besides 
that, cyanosis is often not clinically recognized in mild desaturation (>80% saturation), 
anemia or darkly pigmented infants. Most developed countries therefore implemented 
the use of pulse oximetry as a routine screening tool in asymptomatic newborns to 
improve recognition of (cyanotic) cardiac defects after birth.11, 12

Antenatal screening for CHD
Following the first paper on the use of sonography in obstetrics in 195813, ultrasound 
has become an essential tool to visualize fetal (cardiac) anatomy with great detail and 
diagnose structural anomalies as soon as mid-gestation. A prenatal diagnosis enables 
a planned delivery in a neonatal care facility with prompt and optimal treatment, and 
therewith reduce mortality and improve long-term outcome as described above.14-19 
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Furthermore, prenatal diagnosis allows for further monitoring and the opportunity 
to perform genetic analyses to optimize prenatal counseling and prepare parents for 
having a child with CHD. In severe cases, this may even lead to the parent’s decision to 
opt for termination of pregnancy.

Only 10% of all fetuses with a cardiac defect occur in pregnancies with known risk 
factors to develop CHD. On the other hand, 90% of fetuses with CHD are encountered 
unexpectedly in otherwise healthy families.20, 21 Therefore, most developed countries 
have set up population-based screening programs to optimize fetal detection rates 
for congenital heart defects. Although these programs vary between and even within 
countries, the majority offer a routine anomaly scan for all pregnant women around 
20 weeks of gestation, regularly preceded by a first trimester anomaly scan to detect 
major congenital anomalies. Practice guidelines for sonographic screening at mid-
gestation recommend diagnostic imaging of the ‘four-chamber view’ as well as the 
different outflow tract views. This systematic approach aids to identify fetuses at risk 
for structural anomalies in a low-risk setting, to maximize the detection of cardiac 
anomalies during a second-trimester scan.22-24

The structural anomaly scan (SAS) was introduced as part of the national screening 
program for congenital anomalies in the Netherlands in 2007. The Dutch screening 
program has a unique character, due to the fact that its training program and quality 
monitoring is regulated on a national level. All sonographers operate following a 
standardized scanning protocol and are certified after uniform training requisites. 
Eight regional centers therewith monitor the quality of the ultrasound images for 
all sonographers, as well as the minimum scans that should be performed by each 
sonographer on a yearly basis, in order for them to stay qualified.25, 26

Despite standardized guidelines and protocols, structural cardiac anomalies remain the 
most frequently missed congenital defect on fetal ultrasound.27 Screening programs 
have reported detection rates between 30–75% in most developed countries.28-34 
Single-center studies, on the other hand, achieve detection rates up to 80-90%.35-37 
Heart defects that present with a normal four-chamber view appear the most likely 
to be missed, especially in the absence of known risk factors or additional structural 
anomalies.26, 38, 39 Although never studied in current literature, it is commonly thought 
that these discrepancies in detection rates rely on differences in (modifiable) factors, 
such as examiner experience, maternal obesity, gestational age and fetal position. If 
modifiable factors that impede prenatal detection can be identified, the sensitivity of 
national or regional screening programs may potentially increase to the 80–90%, as 
reported in single-center studies.

1
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Prenatal counseling
One of the advantages of a prenatal diagnosis is the ability to inform and counsel 
parents before birth. It is essential for counseling that the prenatal diagnosis is accurate, 
ideally with an evidence-based estimate of the prognosis. This information is crucial 
for optimal postnatal care management, as well as informed decision making in case 
parents consider pregnancy termination.
Currently available literature, however, often focuses on the prognosis of neonates 
with a certain CHD following (successful) surgical correction or intervention.3, 40 Fetuses 
diagnosed with a CHD comprise a significantly different population, as those that 
demise before birth or do not make it to surgery are not included. To improve prenatal 
counseling at mid-gestation, fetal studies that report on the prognosis of these cardiac 
diagnoses from a fetal perspective are needed to facilitate reliable and patient-centered 
estimates of pre- and postnatal outcome.

Congenital heart defects are associated with additional extracardiac anomalies, 
neurodevelopmental delay and chromosome or genetic alterations.41-44. These 
co-morbidities may have a significant impact on the prognosis as well. After initial 
recognition that the heart is abnormal on fetal ultrasound, an advanced ultrasound 
examination by a fetal echocardiography expert is performed, to ascertain the 
diagnosis and assess the presence of other structural anomalies. A prenatal diagnosis 
also enables further genetic testing to timely identify genetic alterations in the fetal 
DNA, as CHD have been described as part of many genetic syndromes. Thus far, only 
a few cohort studies have reported the estimated incidence of genetic diagnoses in 
fetuses diagnosed with a CHD. Many of these studies are somewhat outdated, as they 
mainly focus on numerical chromosome abnormalities, such as trisomies or triploidy, 
or 22q11.2 deletion syndrome specifically.45-47 Recently, innovative techniques including 
microarray analysis and exome sequencing allow to diagnose other copy number 
variations or genetic mutations as well. As chromosomal and genetic alterations can 
have a major impact on (neuro-)development, quality of life and life expectancy of 
children with a CHD, most developed countries already offer microarray analysis as 
the standard of care in the fetal setting to identify copy number variations.48 The use 
of targeted or whole-exome sequencing to detect subtle genetic variations, commonly 
referred to as ‘genetic mutations’, is often preserved for a minority of CHD cases. 
Population-based studies that evaluate the direct relation between specific cardiac 
defects and the prevalence of genetic syndromes to this extend, have hardly been 
published in current literature. Evidence on the prevalence of these genetic variants can 
improve prenatal counseling in cases with severe CHD and aid professionals to decide 
whether the use of currently available additional tests, such as exome sequencing (ES) 
or genetic testing for specific genetic syndromes is indicated.
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AIMS AND OUTLINE OF THIS THESIS

The aim of this thesis is to study factors that influence the potential to detect congenital 
heart defects before birth and gather knowledge on the prognosis of antenatally 
detected cases with a congenital heart defect in order to improve prenatal counseling 
and postnatal care management.

Prenatal detection
This part of this theses aims to evaluate the influence of risk factors and identify causes 
for a missed prenatal diagnosis at mid-gestation to improve prenatal detection rates 
for congenital heart defects. The results of our case-control study are presented in 
chapter 2, where we describe differences in baseline characteristics, sonographer’s 
experience and quality of ultrasound exams between prenatally undetected and 
detected cases with a congenital heart defect.

Outcome
The second part of this thesis focuses on the prognosis of congenital heart defects 
following a prenatal diagnosis at mid-gestation. In chapter 3 we explored the 
prevalence of genetic diagnoses in the majority of congenital heart defects, either 
isolated or non-isolated, and evaluated the impact of these diagnoses on mortality and 
morbidity. As suggested in a Letter to the Editor, we additionally report the proportion 
of genetic diagnoses that is detectable with either chromosome microarray analysis 
(CMA) and exome sequencing for each congenital heart defect separately in chapter 4, 
to aid clinicians determine the genetic tests that should be performed.

Neurodevelopmental delay is frequently encountered in children with congenital heart 
defects. In chapter 5, we report on a cohort study evaluating the impact of extracardiac 
pathology on fetal head circumference - as a marker for brain development – to identify 
whether delayed neurodevelopment can be purely attributed to hemodynamic changes 
in utero caused by these heart defects.

The final chapters of this thesis focus on prenatal diagnoses that are challenging to 
counsel at mid-gestation, due to limited evidence on the outcome of these particular 
findings from a prenatal perspective. Ventricular size disproportion - for example - is a 
marker for aortic coarctation (CoA) in fetal life. Approximately 50% of these fetuses do, 
however, not develop CoA after birth. In chapter 6, we evaluate the postnatal outcome 
of cases with ventricular disproportion in the absence of CoA in a cohort of prenatally 
detected cases. Chapter 7 describes a cohort study and systematic literature review 
on the outcome of fetal common arterial trunk beyond the neonatal period and 

1
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with regard to the presence of genetic diagnoses, extracardiac malformations and 
neurodevelopment. In chapter 8, we report on an international retrospective case 
series and systematic literature review to provide information on the outcome of 
fetuses with aorto-left ventricular tunnel, a diagnosis that is rarely made before birth.
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