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Foetal therapy, what works? An overview
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Abstract The update course in foetal cardiology held by the Fetal Working Group of the Association for
European Paediatric and Congenital Cardiology in Istanbul in May 2012 included a session on foetal cardiac
therapy. In the introductory overview to this symposium, we critically examine the level of evidence
supporting or refuting proposed foetal cardiac therapies including transplacental treatment of foetal tachyar-
rhythmias, steroid treatment in foetal atrioventricular block, and foetal aortic valvuloplasty. In summary, the
evidence for the efficiency and safety of currently available foetal cardiac therapies is low, with no therapy
based on a randomised controlled trial. Transplacental treatment of foetal tachycardia is generally accepted as
effective and safe, based on extensive and widespread clinical experience; however, there is no consensus on which
drugs are the most effective in different electrophysiological situations. Randomised studies may be able to
resolve this, but this is complicated because tachyarrhythmias are relatively rare conditions, the foetus is not
accessible for direct treatment, and it is the healthy mother who accepts treatment she does not need on behalf of
her foetus. The indications for steroid treatment in foetal atrioventricular block and for foetal valvuloplasty
are even more controversial. Although randomised trials would be desirable, the practical issues of recruiting
sufficient sample sizes and controlling for variation in practice across multiple sites is not to be underestimated.
Multicentre registries, analysed free of bias, may be an alternative way to improve the evidence base of foetal
cardiac therapy.
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THE ERA OF FOETAL THERAPY BEGAN IN 1961 WITH

the first intrauterine transfusion for foetal
anaemia due to haemolytic disease,1 followed

by a report on stimulation of lung maturation by
transplacental administration of glucocorticoids.2

The first report of foetal cardiac therapy was an
attempt to pace the heart in a foetus with complete
heart block.3 There are still many unresolved issues,
for example, whether it is possible to alter the
progression of foetal aortic valve stenosis to hypo-
plastic left-heart syndrome by a foetal balloon
valvuloplasty. In this introductory overview, we examine

the quality of current evidence supporting or refuting
proposed foetal cardiac therapies. The Grading of
Recommendations Assessment, Development, and
Evaluation system4 is commonly used to assess the
strength of published evidence, and the categories
are listed in Table 1.
The assessment considers the level of evidence and

study quality where level of evidence refers to the
establishment of a hierarchy of study designs based
on the ability of the design to protect against bias.
This varies, but usually randomised controlled trials
are considered to be the design least susceptible to
bias. The relative rarity and heterogeneous nature
of patients within congenital heart disease cohorts
result in difficulties in conducting randomised trials
and in ensuring sufficient power to be able to
demonstrate differences.
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Non-cardiac foetal therapies: what works?

There are a few non-cardiac foetal therapies that have
been shown by randomised controlled trials to be
effective and safe and are now part of routine clinical
management, for example, antenatal corticosteroids
for lung maturation5 and endoscopic laser coagula-
tion of placental anastomoses in twin-to-twin trans-
fusion syndrome.6 Some non-cardiac foetal therapies
have been investigated, but their efficacy has not been
proven: randomised controlled trial of foetal endo-
scopic tracheal occlusion for diaphragmatic hernia
to improve lung growth;7 other studies have shown
some benefit: a randomised controlled trial of pre-
natal repair of myelomeningocele has achieved better
neurological function than after postnatal repair,
a reduced need for shunting and improved motor
outcomes, but surgery involves increased maternal
and foetal risks.8

There are difficulties in assessing treatments, often
because of poor recruitment, such as the randomised
controlled trial of shunting for lower urinary tract
obstruction9 in which a high termination rate
resulted in a small number of patients randomised.
Evidence that shunting of pleural fluid is effective in
improving outcome is still based only on case series,
with no accepted level of evidence. Cardiac studies
suffer from similar problems with their study design.
Multicentre collaborations provide larger numbers
but often at the expense of widening the variability
of recruitment and treatment options and increasing
the difficulty of data collection.

Cardiac foetal therapies: what works?

Foetal tachyarrhythmias
It is generally recognised in clinical practice that
transplacental pharmacological treatment of foetal
tachyarrhythmias is often effective in terminating the
arrhythmia and improving outcome. This has been
accepted into clinical practice based on a large num-
ber of retrospective case series and anecdotal clinical

experience by most foetal cardiologists and foetal
medicine specialists. Because current treatment is
often effective in converting a life-threatening foetal
tachycardia to sinus rhythm, a placebo-controlled
randomised trial would probably be considered une-
thical by most investigators today. What about the
evidence base for selecting the antiarrhythmic agent
with the best efficiency/safety profile in different
foetal tachyarrhythmias, with or without hydrops?
The practice differs between different institutions
and there is no consensus of which treatment is the
best. The evidence today is only from retrospective
case series.10,11 This would be a possible subject for a
multicentre controlled randomised trial,12,13 and one
is being planned. In a preliminary survey, most of the
89 responding centres worldwide were interested in
participating in a study that would include rando-
mised two-arm comparisons for foetal supraven-
tricular tachycardia without hydrops (digoxin versus
flecainide), for atrial flutter without hydrops (digoxin
versus sotalol), and for SVT with hydrops (combina-
tions of sotalol + digoxin versus flecainide + digoxin).
However, it was calculated that a total of 550 cases
would be required to detect a 20% difference
between treatment arms with 80% power. It is pro-
posed that with 50 centres recruiting data collection
could be completed within 4 years (Jaeggi, personal
communication).

Foetal heart block
It is generally accepted that antibody-mediated iso-
lated complete heart block is irreversible. Attempts
to influence outcome has been along two strategies: to
try to prevent the development of complete heart
block by treating high-risk pregnant women pro-
phylactically with steroids, and to improve prognosis
once the heart block is established by steroid treat-
ment. The main problem is that the development of
foetal complete heart block cannot yet be predicted.
The risk in antibody-positive women is only around
3%. As there are considerable side effects with steroid
ingestion, prophylaxis of all antibody-positive preg-
nant women cannot be justified. Attempts to predict
complete heart block by measuring foetal atrioven-
tricular conduction time between 18 and 24 weeks’
gestation have been disappointing; the development
of first-degree heart block does not predict the
development of complete heart block,14,15 whereas
second-degree heart block often progresses to com-
plete block.16,17 Most foetuses developing complete
heart block do so directly from sinus rhythm, and
therefore treating all foetuses with second-degree
heart block would not solve the problem. There are,
however, a few case reports of transplacental treat-
ment with fluorinated steroids in foetuses with

Table 1. Hierarchy of levels of evidence.

Level Description

Ia Well-designed meta-analysis of >1 randomised controlled
trial

Ib Well-designed randomised controlled study
IIa Well-designed controlled study without randomisation
IIb Well-designed quasi-experimental study
III Well-designed non-experimental studies, that is,

correlational and case studies
IV Expert committee report, consensus conference, clinical

experience of respected authorities

Adapted from the Scottish Intercollegiate Guidelines Network
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second-degree heart block with some evidence that it
prevents the progression to complete heart
block.16,18,14 The Fetal Working Group of the
Association for European Paediatric and Congenital
Cardiology conducted a retrospective multicentre
study on foetal heart block17 reporting 175 foetuses
with second- or third-degree heart block. Of the
175 foetuses, 15 had second-degree block and seven
of those received antenatal steroid treatment. Of
them, three reverted to sinus rhythm, but only two
remained in sinus rhythm at follow-up, whereas three
progressed to complete heart block. Of the eight
patients with second-degree block who were not
given steroids, none reverted to sinus rhythm, and
five progressed to complete heart block. A rando-
mised study on steroid treatment in second-degree
heart block could perhaps be justified but would be
difficult to perform because of the rarity of the con-
dition. In the future, when we have an instrument to
predict with a high degree of accuracy, perhaps based
on the level and type of maternal antibodies, exactly
which foetuses in such pregnancies will develop
complete heart block, it might be possible to conduct
a prospective randomised controlled study on the
prevention of heart block.
The second treatment approach has been to try to

improve outcome once complete heart block is
established. In a retrospective review of 16 cases not
treated with fluorinated steroids, and 21 cases in a
later era who were treated with steroids, the 1-year
survival rate was higher in the latter group.19

Immune-mediated conditions such as myocarditis,
hepatitis, and cardiomyopathy were less common in
the treated group. In contrast with these findings,
in the Association for European Paediatric and
Congenital Cardiology multicentre study,17 there
were 67 patients who received treatment with
fluorinated steroids, and 108 patients who did not.
The survival at birth in both the groups was 91%. If
one were designing a randomised study to resolve the
question whether steroid treatment is justified in
foetal complete heart block, 253 patients would be
required in each arm to detect a 50% reduction in
mortality from steroid treatment at a 5% significance
level with 80% power.17 Even if such a study were
desirable, it would be difficult to organise and
take 20 years or so to recruit the necessary number
of patients.

Foetal aortic valve stenosis
It is now more than 20 years since the progression of
foetal aortic stenosis to hypoplastic left-heart syn-
drome was reported.20 Others have subsequently
confirmed this observation,21 which led to attempts
to perform balloon dilatation of the aortic valve in a
foetus.22 In recent publications from Boston and

Linz, a total of 94 such procedures have been
reported.23,24 The rationale is to try to influence the
risk of progression from aortic valve stenosis to
hypoplastic left-heart syndrome, and the available
evidence, based on retrospective case series,23,24 sug-
gests that this may be possible in selected cases. This
conclusion rests on the assumption that it is possible
to identify, early enough in pregnancy, foetuses with
aortic valve stenosis who have a close to 100% risk of
progressing to hypoplastic left-heart syndrome if no
intervention is performed, but still have the potential
for left ventricular growth if the stenotic valve is
opened. There are data from retrospective case series
to support this assumption.,23–25 However, this form
of treatment is still considered experimental, largely
because a prospective randomised study has not yet
been conducted to prove its efficiency and safety.
Would such a study at all be possible? It would
probably be ethically justified as foetal aortic valvu-
loplasty is not a generally accepted treatment today,
may be effective in decreasing the risk of a uni-
ventricular postnatal circulation, and is associated
with a <10% risk of foetal death. Even if foetal
intervention could increase the proportion of biven-
tricular circulation treatment pathways in this group,
it is mandatory to analyse the longer-term functional
outcome with respect to pulmonary hypertension,
later conversion to a univentricular circulation or
cardiac transplant, or death and quality of life in
biventricular compared with univentricular survi-
vors. However, it is not accepted that a biventricular
outcome is always better than a univentricular out-
come. These issues could be addressed in a rando-
mised study but would require a multicentre
approach, including a referral algorithm to one or two
centres for the intervention. Patient recruitment is
likely to be difficult, especially in countries with a
high termination rate following prenatal diagnosis of
such a severe cardiac defect. Pregnant women might
choose intervention in favour of termination if the
procedure carried a near-zero risk to the mother
(which it probably does), a low risk for foetal death or
preterm labour, close to 100% risk of univentricular
circulation without intervention (which is probably
not true), a high rate of biventricular circulation as a
result of the procedure, and a good long-term out-
come of biventricular cases. Even if foetal interven-
tion decreased the risk of a univentricular circulation
by 50%, many families might not agree to participate
in a randomised study, preferring a termination of
pregnancy to a 50% chance of being randomised to
intervention with only a 50% chance of an initial
biventricular circulation after birth. The total risk of
univentricular outcome would still be around 75%.
In countries where termination of pregnancy is not an
option or not culturally accepted, the scenario is
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different, as well as when the diagnosis is confirmed
only after the legal time limit for termination of
pregnancy.
The Fetal Working Group of the Association for

European Paediatric and Congenital Cardiology has
taken another approach to increase the evidence base
in this condition. Inspired by the success of the ret-
rospective study on foetal heart block,17 representing
the largest published series to date, the Fetal Work-
ing Group decided to conduct a European multi-
centre study on foetal aortic stenosis comprising a
retrospective and prospective leg. The retrospective
data collection comprised 5 years and was completed
in March 2012 when over 200 cases had been inclu-
ded and is being analysed. The prospective study is in
the final stage of preparation using a web-based case
entering solution. The aims of these studies were to
study the effect of foetal aortic valvuloplasty on
postnatal circulation and survival compared with
the natural history of foetal aortic valve stenosis in
a large cohort of foetuses, analysing outcomes sepa-
rately in those fulfilling the published criteria for
intervention. A similar and parallel initiative is the
International Fetal Cardiac Intervention Registry
organised by The International Fetal Medicine and
Surgery Society,26 which will include all types of
foetal cardiac interventions. Such multicentre regis-
tries are a complementary strategy to increase the
evidence base when randomised controlled trials are
not possible or very difficult to organise, or as a basis
for later design of randomised studies.

Hypoplastic left-heart syndrome
In hypoplastic left-heart syndrome, the postnatal
prognosis is much worse if the atrial septum has been
highly restrictive or intact prenatally, because this
can cause severe arterial desaturation immediately
after birth, secondary to pulmonary venous wall
thickening. Therefore, it is logical that attempts have
been made to create a large atrial communication
prenatally, usually during the early or mid third
trimester.27–29 Only case series have been published
and this intervention is still considered an experi-
mental procedure, although results indicate a better
prognosis than without intervention. A randomised
multicentre study in Europe would necessitate
transport of patients to one or two centres performing
this intervention as for aortic valvuloplasty, raising
practical difficulties.

Pulmonary atresia intact ventricular septum
Foetal balloon valvuloplasty has been reported in
critical pulmonary valve stenosis and pulmonary
atresia with intact septum30 with, as in aortic valvu-
loplasty, the objective of achieving a biventricular

circulation after birth. Morphological and functional
predictors of biventricular versus univentricular
circulation have been defined.31 Judging from these
small case series, and from the often favourable
postnatal outcome in pulmonary atresia with intact
septum, the role of foetal intervention in this condi-
tion seems less clear than in aortic stenosis.

Conclusion

In summary, the evidence for the efficacy and safety
of foetal cardiac therapies has a poor evidence base
with no randomised controlled studies. In the future,
whenever possible, randomised studies should be
conducted to prevent the uncontrolled spread of
experimental procedures. When these are not possi-
ble, for ethical reasons, lack of scientific equipoise, or
because of the rarity of a condition, multicentre
registries, properly analysed, may contribute to an
improvement of the evidence base. The Fetal Work-
ing Group of the Association for European Paediatric
and Congenital Cardiology hopes to continue to
initiate and support multicentre studies on foetal
therapy in Europe and to consider cooperation with
other international initiatives.
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