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Abstract

Congenital heart defects remain the most common congenital
malformation in live births and are the leading cause of infant
mortality in the developed world. Major developments in the
management over the last decade have led to significant improvements
in survival of infants with congenital heart defects. Early diagnosis and
timely appropriate management of critical and serious CHDs is
essential to improve outcome. Feat anomaly screening is being used
detect the critical and significant congenital heart defects prenatally
between 18+0 weeks and 20+6 weeks of pregnancy. This helps
professional and parents in critical decision making regarding the
pregnancy, planning for delivery and preparing the parents for the
anticipated problems. Prenatal diagnosis of critical congenital heart
conditions has shown to improve the outcome in infants with critical
congenital heart defects.
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Background

Congenital heart defect (CHD) is defined as defect in the heart and
major blood vessels, including structural, chromosomal, genetic,
biochemical defects and malformations. CHD is the most common
congenital malformation in live births with an incidence of around 1%
in general population. The incidence of critical CHD (needing
intervention or operation within 1 month after birth) is around 2 per
1000. CHDs remain a leading cause of infant mortality accounting for
up to 40% of all deaths from congenital defects. Up to 7.5% of the
infant mortality in the developed world is reported from CHDs.

Major developments in diagnosis and management over the last
decade have led to dramatic improvements in survival with more than
85% of children diagnosed with CHD now surviving into adulthood.
Early diagnosis and timely appropriate management of critical and
serious CHDs is essential to improve outcome.

Current screening tests are fetal anomaly screening (FAS) and
routine examination of newborn. Pulse oximetry screening has been
shown an effective screening method to detect critical CHDs and fulfils
the criteria for universal screening. It's being recommended by most
professional bodies involved in the care of children with CHDs and
currently being adopted by many countries across the world. However,
it’s still not part of universal screening programme in most of the
countries.

Routine examination of newborn remains a poor screening tool to
detect CHDs soon after birth when cyanosis could be difficult to detect
with naked eyes and clinical signs of CHDS are often absent. Fetal

anomaly screening has now become an established screening tool to
detect CHDs in most of the developed countries.

What is fetal anomaly screening?

Fetal anomaly screening is an ultrasound scan done to detect major
congenital malformations in the fetus. The detection rate of these
malformations may vary depending upon the pathology, technical
challenge and experience of the sonographer.

The cardiac anomalies which are currently being screened for
include:  dextrocardia, common arterial trunk, significant
atrioventricular septal defect (AVSD), significant ventricular septal
defect (VSD), simple transposition of great arteries (TGA), tetralogy of
Fallot and hypoplastic left heart.

Fetal anomaly screening is routinely offered to all pregnant women
in the United Kingdom between 18+0 weeks and 20+6 weeks of
pregnancy under the National Health Service (NHS) Fetal Anomaly
Screening Programme (FASP). FAS incorporates ultrasound
visualisation of the heart aiming to identify structural abnormalities.
Traditionally, the four-chamber view has been used in FAS to visualise
the fetal heart. The atria and ventricles, interventricular septum,
foramen ovale, and atrioventricular valves can all be assessed using this
view.

Abnormality Target detection rate
Anencephaly 100%

Open spina bifida 90%

Cleft lip 75%

Diaphragmatic hernia 60%

Gastroschisis 100%

Exomphalos 80%

Cardiac anomaly” 60%

Bilateral renal agenesis 85%

Lethal skeletal dysplasia 60%

Table 1: Showing target detection rate of abnormalities on the fetal
anomaly screening in the UK.

However, results from a multitude of studies suggest that the four-
chamber view used alone identifies less than 50% of patients with
critical CHDs. Notably, it has been estimated that an abnormal four
chamber view is only associated with an abnormality of the great
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vessels in about 30% of cases [1]. Now, the International Society for
Ultrasound in Obstetrics and Gynaecology (ISUOG), Royal College of
Obstetrics and Gynaecology (RCOG) and National Institute of Clinical
Excellence (NICE) guidelines all recommend both four-chamber and
outflow tract views of the heart as part of FAS [2] (https://www.gov.uk/
government/publications/fetal-anomaly-screening-programme-standards).
This increases the probability of identifying CHDs involving
abnormalities of the outflow tracts (including transposition of the great
arteries [TGA], tetralogy of Fallot, and double outlet right ventricle
[DORV]). A significant improvement in the antenatal detection rate of
significant CHD can be achieved when a concerted effort is made to
visualise the outflow tracts [3].

Colour Doppler may also be employed to aid visualisation of
normal anatomy, septal defects, and abnormal patterns of blood flow,
associated for example with complex heart defects, valvular stenosis,
coarctation, and hemodynamic compromise such as regurgitation and
poor contractility. This may improve detection of CHD [4] (Table 1).

Prenatal detection of congenital heart defects on FAS

CHDs with a reasonable probability of being visualised using the
four-chamber and outflow tract views are listed in Table 2.

A number of structural cardiac abnormalities are difficult to identify
even by an experienced ultrasonographer. These include total
anomalous pulmonary venous connections (TAPVC), small or
moderate sized muscular VSDs, milder forms of aortic coarctation,
and mild aortic and pulmonary valve stenosis.

Four-Chamber View

Septal defects Significant atrioventricular septal defect (AVSD)

Significant ventricular septal defect (VSD)

Left Heart Abnormalities Hypoplastic left heart

Critical aortic stenosis

Severe coarctation of aorta

Right Heart Abnormalities | Tricuspid atresia

Pulmonary atresia with intact ventricular septum

Ebstein’s anomaly

Double Inlet Ventricles Double inlet left or right ventricle

Outflow Tract Views

Transposition of great arteries

Tetralogy of Fallot or pulmonary atresia

Truncus arteriosus

Significant double outlet right ventricle (DORV)

Severe coarctation of aorta

Table 2: Showing detection of cardiac anomalies on different views
during fetal anomaly screening.

Furthermore, it must be remembered that certain CHDs are normal
during fetal life, including patent ductus arteriosus and secundum-type
atrial septal defects, therefore precluding antenatal detection.

Additionally, some CHDs may not be detectable in the second
trimester owing to their development pattern. For instance,
hypoplastic left heart syndrome (HLHS) may initially arise as left
outflow tract stenosis, with left ventricle hypoplasia appearing only
later on.

Antenatal detection rates of CHDs on fetal anomaly
screening

Whilst rates of prenatal diagnosis have steadily been increasing both
nationally (Table 3) and internationally, the overall antenatal detection
rate of CHD in the UK remains low, averaging 30-60%. Figure 1 below
outlines regional variations in antenatal diagnostic rates of CHD across
the UK for data collected by the National Institute for Cardiovascular
Outcomes Research (NICOR) for the year 2013-2014. The mean
antenatal diagnostic rate for CHD for the whole UK during the same
period was 45.7%.

Data collected for the British Congenital Cardiac Association in
2007 suggested that antenatal detection of CHD is higher in London
and the South East than elsewhere, with 50-55% of infants diagnosed
prenatally in paediatric cardiology centres within London and south
England versus 20-30% in centres outside London.

Similarly, a recent large USA-wide study looking at over 30000
infants and neonates undergoing surgery for CHD identified an overall
prenatal detection rate of 34%, with an increase every year from 26%
in 2006 to 42% in 2012, and a signiﬁcant variation in rates across states
ranging from 11.8% to 53.4% [5].

Despite relatively low rates of antenatal diagnosis, there is good
evidence that screening programmes such as the FASP significantly
increase antenatal detection of CHD. In the UK, introduction of a
four-chamber view training programme in the South East Thames
Region between 1988-1991 resulted in an increase in the antenatal
detection rate of CHDs producing an abnormal four-chamber view
from 3% to 67% at participating centres [6]. A recent study evaluating
the effectiveness of a national prenatal screening programme
introduced in the Netherlands in 2007 found an increase in the
detection rate of severe CHD from 35.8 to 59.7% after the screening
was introduced, with a corresponding reduction in the proportion of
late referrals [7].

Detection rates vary by type of CHD, typically lower for lesions
affecting the outflow tracts than lesions visible in the four-chamber
view. A retrospective study carried out in Utah, USA looking at data
from 1997-2007 identified that defects that would be expected to have
an abnormal outflow-tract view were missed more frequently (64%)
than were those that would be expected to have an abnormal four-
chamber view (42%) [8]. Nonetheless, there is some evidence that
antenatal diagnostic rates for lesions affecting the outflow tracts are
increasing, with a recent study reported a substantial increase in the
antenatal detection rate of TGA over a 20 year period [9].

Prenatal ultrasonography displays a predilection for identifying
more severe cardiac lesions. A study carried out in the Czech Republic
using data collected over a 21 year period from the nationwide
prenatal ultrasound screening programme identified that around one
third of all CHD was detected antenatally, rising to 80% when only
critical forms were considered. There was a substantial contrast in
antenatal detection rates between conditions, exemplified by a 95.8%
detection rate for HLHS in recent years, versus 25.6% for TGA [10].
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A multitude of studies have reported that antenatal detection rates
of CHD are higher in tertiary and university centres than community-
based centres [11]. In extension, the prevalence of disease within a
population influences the sensitivity of any screening tool - specialist
centres will see more foetuses with CHD since they are the centres to
which women with indications for fetal echocardiography (Box 3) are
referred. Accordingly, CHD prevalence in specialist centres has been
found to be twice that expected in the general population [12].

2009-10 2010-11 201112
England 3100% 33 35
Northern Ireland 3600% 32
Scotland 2900% 23 36
Wales 3400% 42 52
UK 3100% 33 35

Table 3: Showing national detection rates of CHDs in the UK.

50%+

45.49%

40-44%

35.39%

30.30%

25-29%

NN

20-24%

Figure 1: Showing regional variation in detection rate of CHDs in
2013-2014.

Challenges in FAS: reasons for low antenatal detection rates
and potential for improvement

There are a number of frequently cited reasons for low antenatal
diagnosis rates. A major factor is the training and clinical expertise of
ultrasonographers. It has been demonstrated that both the ability to
successfully visualise the fetal heart and the antenatal detection rate of

major CHDs are significantly influenced by the experience of
sonographers/midwives [13]. Furthermore, there is evidence that a
simple training programme for obstetric ultrasonographers increased
their ability to detect serious CHD [14]. It is thus paramount to the
success of antenatal screening programmes that ultrasonographers are
supported in their training. A number of international organisations
are aiming to improve antenatal diagnosis rates of CHD in the future
by standardising and auditing FAS teaching and training.

Several maternal/fetal factors also influence the ability to visualise
the fetal heart. These include fetal position, amniotic fluid volume,
maternal body habitus, and previous abdominal surgery.

A key factor in maximising antenatal detection rates in the general
population is the maintenance of a record of CHD cases for the
purpose of internal auditing and comparing the performance of
different centres involved in screening. In the UK, NICOR provides a
record of CHD diagnoses and outcomes for infants who undergo CHD
surgery. Investigators manually linked NICOR data on antenatal
diagnoses of CHD with data from maternity records to evaluate the
performance of different centres in antenatal detection of CHD [15].

Fetal Echocardiography

Where CHD is suspected on FAS, a referral should be made to a
fetal cardiologist for a definitive diagnosis, counselling and CHD
management. Indeed, suspected cardiac abnormality on FAS is one of
the most common indications for referral for fetal echocardiography
(Table 4). Given the high sensitivity of detailed fetal echocardiography
in identifying cardiac abnormalities, it has been suggested that this
itself might be used as screening tool to increase the antenatal
detection rate of CHDs. However, current evidence points to a high
cost associated with screening echocardiography as well as a false
positive rate of around 5% [16], which might lead to undue parental
anxiety.

Significance of antenatal detection of CHDs: Why to
bother?

One of the seven criteria outlined by Wilson and Jungner in
assessing the validity of a screening programme is the availability of
effective treatment in the event of a positive finding [17]. It is therefore
pertinent to assess the reported benefits that accompany an antenatal
diagnosis of CHD.

Firstly, an antenatal diagnosis permits the clinician to counsel
parents regarding the diagnosis, prognosis and management of CHD.
If appropriate, a referral can be made to identify any co-existing
chromosomal or extra-cardiac abnormalities. Parents may use this
information to decide whether or not to terminate the pregnancy, and
if they choose to continue the pregnancy they would be better
prepared for what the future is likely to hold for themselves and their
child.

An antenatal diagnosis of CHD permits development of a perinatal
management plan to support the pregnant mother and neonate in
order to optimise outcomes, including by arranging for delivery
(timing, mode, location) to take place in a specialist centre with
appropriate facilities and expertise to manage the neonate with CHD.
Evidence suggests that an antenatal diagnosis of CHD and the
resultant early specialist management reduce perinatal morbidity in
the pre-operative period and produce positive neurodevelopmental
outcomes [18].
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Fetal indications

- Suspicion of CHD on FAS

- Increased nuchal translucency thickness in first trimester

- Major extra-cardiac abnormality

- Fetal hydrops

- Fetal arrhythmias

- Abnormal fetal karyotype: Trisomies 13, 18, 21; Turner syndrome; DiGeorge syndrome

- Monochorionic pregnancy: Risk of cardiac abnormality or twin—twin transfusion syndrome

supply

- Increased risk of fetal heart failure, such as absent ductus venosus, fetal anaemia, or presence of fetal tumours with large vascular

- History of CHD in a first-degree relative

Maternal indications

- Teratogenic drugs: Retinoids, lithium, anticonvulsants, amphetamines

- Maternal alcohol abuse

- Metabolic disease: DM, Phenylketonuria

- Maternal infection: Rubella, Coxsackie, Parvovirus

- Maternal antibody status, such as positive anti-Ro, anti-La antibodies

syndrome on serum screening)

- Increased maternal risk for Down's syndrome and other congenital defects (advanced maternal age or increased risk of Down's

- Familial inherited disorders (e.g. Marfan syndrome)

- Assisted conception or in vitro fertilisation

Table 4: Showing indications of fetal echocardiography.

There is strong evidence to support the view that an antenatal
diagnosis of CHD reduces the need for emergency interventions in the
neonate. A recent UK-based study by Peake et al. reported that the risk
of postnatal intubation was reduced when HLHS and TGA were
diagnosed prenatally [19]. Another study found that antenatally
diagnosed patients were less likely to require mechanical ventilation
and received earlier balloon atrial septostomy 9. Antenatally diagnosed
infants are also less likely to require emergency surgery [20].

Furthermore, there is some evidence supporting the notion that
antenatal diagnosis reduces mortality in HLHS, coarctation of the
aorta, and TGA [20-23]. However, the fact that the fetal spectrum of
CHDs is shifted towards complex lesions and those with associated
chromosomal and extra-cardiac abnormalities means that a number of
studies have identified poorer survival in infants diagnosed antenatally
compared with those diagnosed postnatally. Exemplifying this notion,
one study found that one year survival rate was significantly lower for
infants with critical CHD diagnosed antenatally compared to those
diagnosed postnatally (77% versus 96%), whereas this was not the case
for non-critical CHDs, which the authors proposed reflected more
severe disease among the critical CHD subtypes diagnosed antenatally
[24]. Further, difficulty arises when comparing outcomes following
antenatal versus postnatal diagnosis by virtue of the fact that those
with a postnatal diagnosis have already survived fetal life and often the
early neonatal period, such that the cohort as a whole demonstrates a
survival advantage relative to those diagnosed prenatally.

For severe CHDs with potential for rapid deterioration during the
gestational period and immediately following birth, there is potential
for intervention in utero. The major focus in this regard has been
severe aortic stenosis, which can evolve into HLHS at birth. In a study
of 70 fetuses who underwent aortic balloon valvuloplasty in utero, the
procedure was deemed to be technically successful in 52 (74%) [25].

There is also evidence that a prenatal diagnosis of CHD reduces the
need to transfer infants large distances to specialist cardiac centres and
reduces the associated costs, since the perinatal management plan will
include planning for a suitable delivery location. Gupta et al. 2014 also
found that prenatally diagnosed infants displayed reduced transfer
distance, were less likely to require ‘time-critical’ transport, had
reduced requirement for cardiorespiratory support (invasive
intubation and inotrope use) during transport, and had shorter first
hospital stays [26].

Morris et al. found that infants with HLHS born far from a cardiac
surgical centre have greater neonatal mortality, which predominantly
occurred prior to surgery [27]. A supported approach for delivering
antenatally diagnosed infants (excluding HLHS and TGA, who are
preferably delivered in or near the paediatric cardiology centre) at
tertiary neonatal centres outside paediatric surgical centre could have
equally better outcome, providing there is sufficient expertise, careful
multi-disciplinary planning, and good communication with a specialist
cardiac centre [28].
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Conclusion 13. Tegnander E, Eik-Nes SH (2006) The examiner’s ultrasound experience has

Fetal anomaly screening is an excellent tool to detect critical and

significant congenital heart defects prenatally. Antenatal diagnosis
helps in clinical decision making and planning of delivery, preparing
parents for anticipated problems an improves outcome for infants with
CHDs. However, despite the advancement in technology and training
rate of antenatal detection remains low. Outflow tract and three vessels
view have improved detection rate. Some of the CHDs (like
coarctation of aorta) are notoriously difficult to diagnose antenatally.
Reinforcement of high quality training in fetal anomaly screening and
robust clinical governance to monitor detection of CHDs are crucial in
continually improving the detection rate.
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