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s u m m a r y

Fetal congenital heart disease may progress during pregnancy and may lead to irreversible myocardial or
pulmonary damage. The rationale of fetal intracardiac interventions is to change fetal hemodynamics,
prevent secondary damage and improve long-term outcome at an acceptable risk for mother and fetus.
This review focuses on the current experience about patient selection, risks and benefits of this
technique.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Numerous studies have been published documenting the nat-
ural history of congenital heart defects in utero and the potential of
prenatal progression.1,2 A well-functioning biventricular heart may
develop into a univentricular heart, or it may acquire myocardial
damage, which can lead to congestive heart failure (CHF), ar-
rhythmias, hydrops and intrauterine death. Pulmonary develop-
ment may be also affected.

It would therefore seem logical that a fetal intracardiac inter-
vention at the right time and in the right patient should be able to
improve or even normalize hemodynamics and should be able to
prevent secondary damage to the fetal heart and lungs. CHF, ar-
rhythmias or hydrops could be improved or reversed, and fetal
death prevented.

A group in London made the very first attempts with fetal intra-
cardiac interventions in 1991 by dilating a stenotic aortic valve.3

Following this initial experience several other centers around the
world have tried the same procedure. Their experience in 12 third
trimester fetuses was published in 2000.4 Out of seven technically
successful procedures only one patient had prolonged survived. At
that time all procedures were performed in fetuses with a predicted
100% mortality to ensure survival. Today, with the achievements of
pediatric cardiac surgery, pediatric cardiac intensive care and pedi-
atric cardiology, fetal and postnatal survival is no longer the main
issue, but the improvement of morbidity and long-term outcome.
This review focuses on three different intracardiac interventions: (i)
critical valvar aortic stenosis (CAS); (ii) critical valvar pulmonary
stenosis or pulmonary atresia with intact septum; (iii) closed or

severely restrictive foramen ovale in fetuses with critical left heart
obstructive lesions, e.g. hypoplastic left heart syndrome.

2. Rationale for intervention

2.1. Critical valvar aortic stenosis

A valvar aortic stenosis significantly alters hemodynamics. The
fetal circulation and the fetal heart can respond in different ways
depending on the time of development, rate of progression and
severity. If aortic stenosis is only mild, develops late in gestation
and progresses slowly, sufficient left ventricular (LV) systolic func-
tion is maintained until birth and these patients are good candi-
dates for postnatal interventional therapy, with good long-term
outcome. So there is no need to expose them to the risk of a prenatal
intracardiac intervention. However, if significant aortic stenosis is
already present in the first or early second trimester fetus, delete-
rious effects on the fetal heart and lung can be expected. At least
four different kinds of pathophysiology can develop.

2.1.1. Early LV hypoplasia due to impaired LV growth
In the first or early second trimester these fetuses already pre-

sent with a marked reduced LV size and volume. The alteration of
LV pressure as a result of the aortic stenosis has led to impaired LV
filling and redirection of flow across the foramen ovale to the right
ventricle (reversed shunting across the foramen ovale from left to
right). LV growth slows down and stops, whereas the right ventricle
(RV) grows at an increased rate and takes care of the total cardiac
output.5 Echocardiographic features include a small LV (LV long-
axis Z-scores <�2) with muscular hypertrophy and echogenic
endocardium, caused by endocardial fibroelastosis (EFE). Themitral
valve is hypoplastic, too (Z-scores <�2), usually with monophasic
inflow and without significant regurgitation. The gradient across

* Corresponding author. Tel.: þ43 50554 63 24700; fax: þ43 50554 63 22004.
E-mail address: gerald.tulzer@gespag.at (G. Tulzer).

Contents lists available at SciVerse ScienceDirect

Seminars in Fetal & Neonatal Medicine

journal homepage: www.elsevier .com/locate/s iny

1744-165X/$ e see front matter � 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.siny.2013.04.002

Seminars in Fetal & Neonatal Medicine 18 (2013) 298e301

mailto:gerald.tulzer@gespag.at
http://crossmark.crossref.org/dialog/?doi=10.1016/j.siny.2013.04.002&domain=pdf
www.sciencedirect.com/science/journal/1744165X
http://www.elsevier.com/locate/siny
http://dx.doi.org/10.1016/j.siny.2013.04.002
http://dx.doi.org/10.1016/j.siny.2013.04.002
http://dx.doi.org/10.1016/j.siny.2013.04.002


the aortic valve is low and there is reversed flow in the aortic arch
and ascending aorta. It has been shown that these fetuses all
develop hypoplastic left heart syndrome (HLHS)6 and it was spec-
ulated they would be good candidates for an in-utero intracardiac
intervention. Relief of the aortic obstruction should lead to
improved LV filling and growth.

2.1.2. LV dilation and dysfunction
In these fetuses the LV pressure increase can no longer be

maintained by the myocardium and leads to a rapid and significant
LV dilatation. There is no more synchronous LV contraction, short-
ening fraction is markedly decreased and signs of EFE appear
probably as a result of impaired coronary perfusion.7 There is pro-
gressive myocardial damage, which may become irreversible. The
mitral valve is involved in this process, too. Ventricular dilatation
may lead to progressivemitral valve regurgitation, and involvement
of papillary apparatus into EFE may cause mitral stenosis. If dilata-
tion occurs in mid or late gestation, LV size at birth may still be
within normal limits or even enlarged. However, severe myocardial
dysfunction associatedwithmitral valve disease puts these patients
at high risk for postnatal valvuloplasty and towards a univentricular
circulation.8 If dilatation occurs early in gestation, there will be LV
growth arrest as described above, which results in LV hypoplasia at
birth and HLHS.9 A timely fetal aortic valve dilation shortly after the
onset of dilatation or, even better, shortly before the onset of dila-
tation should be able to reverse or prevent LV dilatation, LV
dysfunction and ischemia and allow better or normal LV filling and
growth, so that these patients become favourable candidates for a
postnatal valvuloplasty with preserved LV contractility.

2.1.3. LV dilation with dysfunction, congestive heart failure and
hydrops

In addition to the pathophysiology described in the preceding
section, right ventricular function also becomes affected. The
dilated high pressure LV compresses the RV, resulting in RV
dysfunction, tricuspid regurgitation and an increase in RV filling
pressures. At a certain point, the RV is no longer capable of main-
taining the combined cardiac output; CHF and hydrops will appear
leading to intrauterine death.10,11 Reduction in LV pressure and size
by a successful intracardiac intervention should improve or restore
RV function and cardiac output. This should improve CHF, reverse
fetal hydrops and ensure survival until birth.

2.1.4. Severe mitral regurgitation with giant left atrium
In these fetuses with CAS the pressure rise in the LV results in

progressive severe mitral regurgitation. The reason could be a pri-
mary mitral valve abnormality or a secondary involvement of the
mitral valve in this disease by annulus dilatation, altered papillary
muscle geometry or EFE. The resulting increased left atrial pressure
can cause a premature narrowing or closure of the foramenovale. As
a result the left atrium cannot decompress into the right atrium and
increases in size; pulmonary veins become dilated and congested,
affecting pulmonary vascular development. If the large LV com-
presses theRV, asdescribedabove, hydropsmayoccur.12Aortic valve
dilation should be able to decrease the severity of mitral regurgita-
tion by lowering LV pressure and the stress on the mitral valve.

Therefore, except in fetuses with end-stage CHF and hydrops,
where an interventionmay be life-saving, the rationale is to achieve
an enhanced quality of life. There is no doubt that two ventricles are
better than one ventricle in terms of quality of life, life expectancy
and the potential of late problems such as thrombotic events,
protein loosing enteropathy, plastic bronchitis, arrhythmias or early
ventricular dysfunction.

The neurological outcome of fetuses with congenital heart dis-
ease has become an important issue. Fetuses with CAS all have

retrograde flow in the aortic arch and therefore their brains are
perfused with less-oxygenated blood from the right ventricle. An
altered cerebral perfusion and brain volume, assessed by Doppler
interrogation and magnetic resonance imaging, has been
described.13e15 Establishment of antegrade aortic arch flow by a
prenatal intracardiac intervention may therefore have beneficial
effects, even if LV size remains too small for a biventricular post-
natal circulation.

2.2. Critical valvar pulmonary stenosis or pulmonary atresia with
intact septum

Pulmonary atresia with intact ventricular septum carries a sig-
nificant morbidity and mortality.16 As in fetuses with CAS, a pul-
monary valve stenosis can progress in severity and even become
atretic during fetal life.17,18 Intrauterine death occurs in w5%; if
there is a wide patent foramen ovale most fetuses will reach term
without major problems. Pulmonary obstruction leads to increased
RV pressures, but, unlike the LV, the RV does not dilate but develops
massive muscular hypertrophy, so becoming restrictive with
impaired filling and growth. Severe RV hypoplasia may preclude a
biventricular circulation postnatally. Survival rates at 1 year range
from 65% to 92% and at 10 years from 43% to 76%.19e22 It is inter-
esting to note that the survival rates of childrenwith univentricular
and biventricular circulation was not different in most reports.
Impaired RV growth and function in biventricular childrenmight be
responsible for this.23,24 In univentricular patients it has been
shown that their left ventricular function can be negatively affected
by a high-pressure right ventricle with unknown long-term con-
sequences.25 So the rationale for in-utero pulmonary valvuloplasty
would be to ensure better RV growth with a biventricular outcome
in fetuses who would otherwise end up with a univentricular cir-
culation, and also a better RV in patients with a biventricular repair.

2.3. Closed or severely restrictive foramen ovale in fetuses with
critical left heart obstructive lesions

In fetuses with HLHS or critical left ventricular outflow
obstruction there is reversed left-to-right shunting through the
foramen ovale. However, increased left atrial pressure may cause
premature closure of the foramen ovale, resulting in left atrial hy-
pertension. Pulmonary venous congestion and hypertension are
responsible for secondary changes in pulmonary vessel
morphology and pulmonary lymphangiectasia.26 Therefore these
patients have a substantially high morbidity and mortality even if
an urgent atrioseptostomy is performed immediately after birth.27

Therefore decompression of the left atrium by creation of a large
atrial septal defect should allow unobstructed pulmonary venous
drainage, remodelling of the pulmonary vessel walls and
continuing normal pulmonary vascular development.

2.3.1. Risks
There are, of course significant risks associated with this pro-

cedure and there are two patients involved: a healthy mother and a
fetus with congenital heart disease.

As the amniotic cavity has to be entered transabdominally with
a 18 or 19 gauge needle, there are inevitable risks for the mother
such as premature rupture of the membranes, premature labour,
placental abruption, bleeding or infection. Until now, we have not
encountered any of these maternal complications during all our 53
procedures and the team at Boston Children’s Hospital has reported
the same for all their cases, totalling more than 120.28e30

There is a significant chance of severe fetal complications. Sus-
tained bradycardia and/or hemopericardium are frequent compli-
cations, that can lead to hemodynamic instability and fetal death.
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