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Echocardiographic detection of congenital heart
disease in the fetus: present and future

Lindsey D Allan

Table

* Family history of congen-
ital heart disease-previ-
ous child or parent
affected

* Maternal diabetes
* Fetal arrhythmia
* Fetal hydrops
* Extracardiac fetal anom-

aly
* Exposure to cardioterato-

genic drugs-for example,
lithium, anticonvulsants
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During the 1970s, ultrasound rapidly devel-
oped into a reliable tool for the prenatal diag-
nosis of malformations in many organ
systems.' 2 However, the cardiovascular sys-
tem was avoided, partly because real-time
imaging was not yet available and partly
because of the apparent anatomical complex-
ity of the heart and the variety of structural
abnormalities. It was not until the advent of
cross sectional imaging in the late 1970s and
early 1 980s, that cardiac imaging became
practical. At this time paediatric cardiologists
were beginning to learn the value of the
echocardiogram for the diagnosis of congeni-
tal heart disease in postnatal life.3
Simultaneously, they became aware of the
improved quality of prenatal imaging and sev-
eral workers in different centres made a sys-
tematic study of the fetal heart.4-6 Over the
next few years, it became established that
normal fetal cardiac anatomy could be reli-
ably identified and that the diagnosis of struc-
tural abnormality was also possible.47 Since
then, improved resolution of ultrasound
equipment and the addition of pulsed, con-
tinuous wave and colour flow Doppler have
all added to the information that can be
obtained prenatally.

Case selection and screening
In the early 1980s fetal echocardiographers
focused their efforts on mothers at an
increased risk of having offspring with con-
genital heart disease. The table lists the high
risk groups that are selected for study. When
a previous baby has been affected by congeni-
tal heart disease the risk of recurrence in a
subsequent pregnancy is 1 in 50.8 This risk
varies according to the type of congenital
heart disease in the index case.9 The risk in
those pregnancies where a parent is affected is
also increased and may be as high as 10%.'°
Maternal diabetes is reported to double the
risk of congenital heart disease in the fetus,
although this risk may be lower in a well con-
trolled diabetic population." Non-immune
fetal hydrops can be caused by intrauterine
cardiac failure secondary to structural heart
disease.'2 In addition, where an extracardiac
abnormality is detected in the fetus, the fetal
heart should be studied as there is an
increased incidence of congenital heart dis-
ease in association with other anomalies. A
cluster of anomalies may indicate the pres-

ence of a genetic syndrome, caused by either
a gene defect or a chromosomal anomaly.
Some drugs such as lithium and the anticon-
vulsants have been reported to increase the
incidence of congenital heart disease if taken
in early pregnancy.

Although it is important to select high risk
groups and to offer these parents a detailed
fetal echocardiogram, only 10% of children
born with congenital heart disease have a high
risk factor identifiable in the pregnancy. If
fetal echocardiography is confined to the high
risk groups, it will have little impact on paedi-
atric cardiological practice. However, in
1986, an idea, put forward by a French
group" had the potential to extend enor-
mously the impact of fetal echocardiography.
This was to use the expertise of the obstetri-
cian performing routine obstetric scans to
detect congenital heart malformations. The
French group suggested simplifying the
evaluation of the heart to the examination of
one cardiac section-the four chamber
view-and teaching the ultrasonographer to
obtain and interpret this view. This resulted
in the detection of cardiac anomalies in about
2 per 1000 pregnancies scanned. This teach-
ing technique has also been employed with a
high degree of success in the United
Kingdom'4 despite the fact that, unlike
France, there is no organised routine scan-
ning policy.

Normal fetal heart scanning
A four chamber view of the fetal heart can be
obtained with standard ultrasound equipment
in every pregnancy from 18 weeks' gestation
and with the use of modern, high resolution
vaginal transducers in many cases as early as
12 weeks' gestation. Ultrasonographers are
taught to analyse this section in an organised
fashion to check the heart's position and size
as well as the structure of the atrioventricular
connection which is seen in this section.
Other parts of the fetal heart can be imaged
in various projections, both longitudinal and
transverse."' All the cardiac views familiar in
posmatal life can be obtained, with some fur-
ther views that are unique to the fetus.
Although they are more difficult for the ultra-
sonographer to understand and more time-
consuming to obtain, the venous and great
artery connections can be displayed in every
fetus after 18 weeks' gestation. An increasing
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number of obstetric units routinely offer a
fetal anatomy scan at 18 weeks' gestation and
in addition, scanning is becoming more
detailed and expert. As a result, all forms of
fetal anatomical malformation are more fre-
quently detected than before.'6 This routine
scan should include at least a four chamber
view of the heart. At this stage in pregnancy,
many major abnormalities can be detected or
excluded. Currently, over 80% of the positive
referrals to our centre are those in which the
obstetrician has not found a normal four
chamber view.
Abu-Harb et al (pages 192-8) arbitrarily

divided 1347 cases of congenital heart dis-
ease, seen over a 7 year period in a single geo-
graphical area, into those they considered
"detectable" and "undetectable" antena-
tally.17 They judged 15% of cases to be
"detectable". Taking a figure of 20% success
in identifying "detectable" lesions, they con-
clude that prenatal diagnosis will have a neg-
ligible effect on the practice of paediatric
cardiology. But many ultrasound scanning
units can achieve a rate of detection closer to
100%'4 and as experience and expertise grow,
many can also detect a good proportion of the
lesions the authors considered "unde-
tectable". I see no reason why all the major
forms of congenital heart disease, which con-
stitute about three of eight examples of con-
genital heart disease per 1000 live births,
should not become detectable during routine
scanning, especially with continuing advances
in the quality of ultrasound images. If 50% of
parents chose to interrupt the pregnancy,
absolute numbers of cases of congenital heart
disease would drop by about 20%. More
importantly, however, cases identified in
utero are in general the complex forms of car-
diac malformation that are highly resource
intensive. These cases occupy a dispropor-
tionate amount of the paediatric cardiologist's
time and effort because of the requirements
for repeated investigation, multiple opera-
tions and long-term follow up. If half of these
pregnancies are terminated, I do not think
that this will leave paediatric cardiologists idle
but they may have to recognise that the
growth areas in their specialty will be in fetal
diagnosis and in the care of the adult with
congenital heart disease. However, this kind
of speculation is not very useful.

There is clear evidence that it is possible to
teach ultrasonographers to evaluate the fetal
heart. The standard of fetal anatomical evalu-
ation is continually improving and obstetric
scans require the same level of skill and expe-
rience as echocardiographic examination of
adults.

Cardiac malformations
Since 1980, over 12 000 high-risk pregnan-
cies have been referred for study in the Fetal
Cardiology Unit at Guy's Hospital. Over
1000 fetal cardiac abnormalities have been
detected.'8 Because the four chamber view is
emphasised, the lesions preferentially
detected prenatally are those where the four

chamber view is abnormal. Conversely,
lesions, such as complete transposition, that
are common postnatally but in which the four
chamber view is normal are under-repre-
sented in the prenatal series. Thus the range
of disease seen in fetal life is different from
that seen in infants. It is also influenced by
the selection of fetuses with extracardiac mal-
formations for fetal echocardiography. For
example, nearly all the ventricular septal
defects we have detected in utero have been
large and associated with extracardiac malfor-
mations, especially when the fetus has a chro-
mosomal anomaly. This accounts for very few
of the ventricular septal defects seen in chil-
dren.

Because it produces an abnormal four
chamber view and is associated with extracar-
diac lesions the most common lesion seen
prenatally is an atrioventricular septal
defect.19 As an isolated cardiac defect, it will
commonly be associated with trisomy 21, or
it may occur in the setting of atrial isomerism.
The next most frequent lesion seen is the
hypoplastic left heart syndrome, which until
recent palliative surgery was introduced, was
a universally fatal lesion in the first days of
life. In the United Kingdom more than half
the cases of hypoplastic left heart syndrome
are probably detected in the fetus and most
parents choose to interrupt the pregnancy.
This has led to a detectable fall in the number
of cases presenting in infancy.20 Almost all
forms of congenital heart disease have been
recognised in the fetus, and the diagnosis of
most follows the same rules as for the
echocardiographic diagnosis in postnatal life.

Accuracy and confidence intervals
The accuracy achieved in the prenatal diag-
nosis of cardiac malformations can be high.
Over 70% of our cases had anatomical follow
up and there was close correlation between
the echocardiographic and pathological
results, even in complex lesions at early gesta-
tions. The degree of correlation also
improved with experience. In our series, false
negative diagnoses were made in less than
0 5% of cases. Lesions that were overlooked
were mainly minor defects, such as small ven-
tricular or atrial septal defects. False positive
diagnoses have been even less common and
have mainly involved the difficulty of exclud-
ing the diagnosis of coarctation of the aorta in
the later stages in pregnancy. Coarctation is
suspected where the right ventricle and pul-
monary artery are dilated relative to the left
ventricle and aorta. Examination of the long
axis of the aortic arch directly is not always
diagnostic or even useful.2' A presumptive
diagnosis, therefore, sometimes has to be
made until it is definitively excluded postna-
tally. Right ventricular dominance can also be
a sign of abnormal pulmonary venous
drainage, as indicated by Papa et al.22 His
paper demonstrates the difficulty in interpret-
ing this sign correctly and in identifying nor-
mal pulmonary venous drainage in images
that are less than perfect. I would add to this
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that normal pulmonary venous drainage can-
not be reliably diagnosed unless the flow can
be detected entering the correct site in the left
atrium on colour flow mapping and that
abnormal pulmonary venous drainage should
not be diagnosed unless the collecting chan-
nel and site of drainage can be clearly identi-
fied.

Counselling and outcome
The most important skill of prenatal diagno-
sis is counselling the parents when an abnor-
mality is found. Every parent brings different
views, experience, and social circumstances
to decisions about continuing a pregnancy in
which there is fetal malformation. Parents
must feel able to choose. If a major cardiac
anomaly is diagnosed before 20 weeks more
than half the parents will choose to interrupt
the pregnancy after counselling. Where a
healthy adult life is unlikely, many parents see
continuation of the pregnancy as unaccept-
able. Because the most severe lesions are
selected to come to our attention, there is a
high mortality in continuing pregnancies. In
our series, only about a third of detected
cases survived in the short term, with the
greatest loss occurring in intrauterine or early
neonatal life. Some view the elective preven-
tion of major cardiac malformations as a very
negative aspect of fetal cardiology. But for the
hundreds of parents this difficult and unwel-
come decision has avoided much suffering for
both the child and the family. Prenatal diag-
nosis of congenital malformations is still use-
ful when termination of pregnancy is not an
option or where diagnosis is made late in ges-
tation. Parents can be prepared for the man-
agement of the delivery, the early treatment
plan for their infant, and the likely outcome.
Delivery in a cardiac centre gives the infant
the best chance of survival after surgery
because the clinical state can be optimised
from birth and transfer of a sick neonate is
avoided.23
Much has been learnt by observation of the

fetus with heart disease in utero. We have
seen unusual types of malformation that are
not commonly seen postnatally, for example,
the dysplastic tricuspid valve with severe car-
diomegaly.24 Greater ascertainment of disease
has allowed us to be more accurate in deter-
mining the recurrence of disease within fami-
lies. This has shown us unusual patterns of
recurrence, for example, the high rate in left
heart disease. Unexpected associations
between cardiac and extracardiac malforma-
tions have been defined-for example, the
strong association of fetal tetralogy of Fallot
with multiple malformations.25 The most
interesting finding has been the observed evo-
lution of cardiac lesions during fetal growth,
for example, the progression of aortic stenosis
to atresia and the associated failure of left
heart growth, leading to left heart
hypoplasia.26 This tendency to progression
has been observed in other obstructive
lesions, such as pulmonary stenosis and
coarctation of the aorta. The observation of

progression in critical aortic stenosis coupled
with a high mortality in this condition when
treatment took place postnatally, led to the
idea of prenatal treatment. At the same time,
balloon valvuloplasty was increasingly suc-
cessful in treating aortic stenosis postnatally
and intracardiac puncture for obstetric tech-
niques became established as a safe proce-
dure. This resulted in attempts at prenatal
balloon valvuloplasty in four fetuses.27 This
technique has been associated with long term
survival and is promising for the management
of a few selected conditions in the fetus.

The place of fetal echocardiography
There is now an established place for fetal
echocardiography within the practice of pae-
diatric cardiology. Fetal echocardiography
can predict structural cardiac anomaly with
accuracy. Initial routine screening, with refer-
ral of suspected abnormal pregnancies to a
specialist centre, has become well established
in the United Kingdom. With further exten-
sion of teaching programmes, detection of
cardiac malformations during obstetric scan-
ning is certain to increase. Concentration of
the experience of evaluating anomalies in
referral centres will increase the accuracy of
diagnosis and optimise management of
patients. The purpose of fetal echocardiogra-
phy is not to terminate all affected pregnan-
cies, but to provide information and ideal
care for the patient. The technique has
expanded our knowledge and understanding
of congenital heart malformations and will
continue to do so as imaging improves.
Prenatal treatment of structural heart disease
can be successful in the few cases where it is
appropriate.
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