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Summary The outcome of cardiac disease diagnosed before birth is paradoxically
worse than that diagnosed postnatally. In part, this is because fetal screening de-
tects cases that are already showing failure of cardiac growth which are usually
progressive with secondary damage to the myocardium, lungs and brain. Fetal val-
vuloplasty has been proposed for cases of critical aortic and pulmonary stenosis or
atresia, and atrial septostomy for a restrictive oval foramen associated with aortic
stenosis, hypoplastic left heart syndrome and transposition of the great arteries.
The rationale for fetal therapy is to restore forward flow and reduce intraventric-
ular pressure, thus improving coronary perfusion and minimizing ischaemic damage.
Successful valvuloplasty has reduced systemic venous pressures and reversed fetal
hydrops, thus prolonging pregnancy. It has resulted in improved ventricular growth
in some cases and spontaneous opening of a closed oval foramen with normalization
of pulmonary venous waveforms. These signs suggest better fetal cardiopulmonary
development and improved surgical outcomes.
ª 2005 Elsevier Ltd. All rights reserved.

Introduction

By 50 embryonic days, the fetal heart has de-
veloped from a cardiac crescent to assume its final
morphological form. Left and right sidedness of
fetal organs, including the heart, have been de-
termined and defects in signalling, responsible for
structural malformations, have left their mark;

apart from small septal defects, these are usually
irreversible.1,2 We are unable to image the heart
diagnostically until about 12e14 weeks of gesta-
tion using modern ultrasound techniques, but we
can already appreciate the effect that abnormal
fetal flow patterns have begun to play in further
remodelling valves, their supporting ventricles
and great arteries.3 Significant progression may
be defined as secondary damage to the heart and
lungs, resulting from abnormalities of growth and
flow, so that a biventricular repair is no longer pos-
sible after delivery. Disease progression occurs in

* Tel.: C44 207 351 8719; fax: C44 207 351 8129.
E-mail address: helena.gardiner@imperial.ac.uk

1744-165X/$ - see front matter ª 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.siny.2005.08.001

Seminars in Fetal & Neonatal Medicine (2005) 10, 578e585

www.elsevierhealth.com/journals/siny

mailto:helena.gardiner@imperial.ac.uk
http://www.elsevierhealth.com/journals/siny


most conditions, except minor septal defects, but
the most aggressive progression of disease is seen
in congenital heart defects (CHDs) with aortic or
pulmonary stenosis, and often results in hypoplasia
of the supporting ventricle, thus precluding its use
in the postnatal circulation.

Progression of a cardiac lesion may be monitored
most easily using a combination of morphological
and physiological parameters. There are a few
studies that document the natural history of
cardiac growth for specific fetal malformations.4

These provide helpful information on growth of
valves and ventricles throughout gestation. Cardiac
malformations in the fetus are associated with ab-
normalities of flow through the atrioventricular
valves (usually regurgitation), increased velocities
through the semilunar valves, reversal of flow in
the arterial and venous ducts and aortic isthmus,
and abnormalities of pulmonary venous Doppler.
Reversal of flow with atrial contraction in venous
duct waveforms is seen in very early gestation as
part of normal development. It may be seen later
as a result of increased right atrial pressure when
atrioventricular regurgitation is severe or the oval
foramen is restrictive, but is not usually a sign of
fetal hypoxaemia in this setting.5 Serial studies of
pulmonary venous Doppler are useful to assess
left atrial pressure where there is left heart ob-
struction. Abnormal waveform patterns, charac-
terized by reversal of flow in late diastole, may
be seen in association with hypoplastic left heart
syndrome and biphasic reversal with severe mitral
regurgitation due to critical aortic stenosis
(Fig. 1a).6 Although simple transposition of the
great arteries is not usually considered to be a mal-
formation that ‘progresses’, serial evaluation of
pulmonary venous and oval foramen flows may de-
tect those who do badly because they develop early
pulmonary venous congestion and haemorrhage.7

Associated malformations and
counselling

Extracardiac abnormalities and/or aneuploidy are
associated with one-third of cases of major con-
genital heart disease. Patient management should
be shared with a fetal medicine specialist, and
karyotyping should be offered where appropriate.8

Counselling may be difficult, particularly when the
scan is performed in early gestation or there is
suboptimal imaging. Some major defects may only
become apparent later in gestation, such as
diaphragmatic hernia, or may bemissed altogether.
These may have a major impact on perinatal man-
agement plans and result in significant comorbidity.

Syndromes such as Noonan syndromemay show sub-
tle or no cardiac pathology early in pregnancy, but
progress rapidly later in gestation or postnatally.

The evidence base used to counsel parents for
surgery is usually from large postnatal surgical
series where the majority have not had a fetal
diagnosis. It is more realistic to counsel parents
based on the relatively few unselected series that
document the outcome of all, including those
diagnosed prenatally, many of whom will not reach
the surgeon. These reports are often much less
optimistic.9,10 There are several reasons for this,
including the presence of associated malforma-
tions and aneuploidy. However, the degree of sec-
ondary myocardial damage is also likely to play an
important role. Fetuses with a subtle response to
early aortic stenosis are not likely to be detected
in a screening programme where colour flow map-
ping and Doppler do not form part of the protocol.
Therefore, those that are detected have either
more advanced stenosis and/or an exaggerated
myocardial response to it, resulting in a dilated
or hypertrophied myocardium with ischaemia and
resultant fibrosis. This may damage the papillary
muscles and result in a dilated left atrium second-
ary to severe mitral regurgitation. Fetal wellbeing
may be further compromised by this atrial disten-
sion, leading to arrhythmia and/or fetal hydrops.

Figure 1 (a) Reversal of flow with atrial contraction in
a fetus with critical aortic stenosis due to raised left
atrial pressure secondary to closure of the oval foramen.
(b) Normalization of pulmonary venous return following
successful aortic valvuloplasty, resulting in spontaneous
opening of the oval foramen.
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