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Abstract

Fetal therapy can be defined as any prenatal treatment administered to the mother with the primary
indication to improve perinatal or long-term outcomes for the fetus or newborn. This review
provides an update of the pharmacological therapies that are solely directed at the fetus with
anomalies and outlines a future transcriptomic approach. Fetal anomalies targeted with prenatal
pharmacotherapy are a heterogeneous group of structural, endocrine, and metabolic conditions,
including congenital cystic adenomatoid malformation (CCAM), congenital adrenal hyperplasia,
congenital heart block, fetal tachyarrhythmias, inborn errors of metabolism, fetal thyroid
disorders, and polyhydramnios. To date, the majority of pharmacotherapies for fetal anomalies
have been evaluated only in retrospective, uncontrolled studies. The way forward will be with an
evidence-based approach to prenatal pharmacological interventions.
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INTRODUCTION

Fetal therapy can be defined as any prenatal treatment administered to the mother with the
primary indication to improve perinatal or long-term outcomes for the fetus or newborn.
Even with this broad definition, it is apparent that recent advances have occurred primarily
in the surgical and minimally invasive modalities. While there is growing interest in the
potential applications of gene and stem cell therapy for treatment of fetal anomalies, these
currently remain experimental techniques that have not yet transitioned to routine clinical
care.
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There are several well-established conditions for which medications are administered to the
mother for their transplacental action on the fetus. The most common indication for
transplacental fetal pharmacotherapy is threatened preterm birth and the use of maternal
prenatal corticosteroids to enhance fetal lung maturity. There are also other more invasive
routes of administration such as the direct fetal intramuscular or intravascular route (Figure
1). This review will provide an update of the pharmacological fetal therapies that are solely
directed at the fetus with anomalies, without concurrent maternal indications for treatment
(Table 1). Those fetal conditions that have dedicated reviews elsewhere in this journal issue
will not be included in this article. Also excluded are medical disorders that have concurrent
maternal indication for treatment, such as preeclampsia, diabetes, and infection, or obstetric
disorders such as placental insufficiency and preterm labor/birth, as these are large topics
beyond the scope of this review.

MATERNAL STEROID TREATMENT FOR ANOMALIES

Betamethasone for cystic adenomatoid lung malformations

Congenital cystic adenomatoid malformations (CCAMSs) of the lung—also known as
congenital pulmonary airway malformations—of the lung constitute the majority of
prenatally detected thoracic lesions. These hamartomatous pulmonary lesions result from an
abnormal proliferation of bronchiolar-like air spaces and lack normal alveoli. The fetal
prognosis depends primarily on the size of the lesion and its associated mass effect,
including the degree of mediastinal shift, hydrops, and polyhydramnios. The worst outcomes
occur in the small proportion of patients with very large CCAMs and hydrops
(Crombleholme et al., 2002). Prenatally, CCAMs are classified sonographically as either
macro-cystic or microcystic depending on their echotexture. Minimally invasive surgical
treatment may be feasible in macrocystic CCAMs, where a dominant cyst can be drained or
shunted to relieve the mass effect. Resection via open fetal surgery or during third-trimester
ex utero intrapartum treatment are more invasive surgical options for large CCAMS (Grethel
et al., 2007).

For large microcystic CCAMSs, a novel medical approach is currently being evaluated.
Several case series have reported a reduction in CCAM size after maternal administration of
betamethasone (Tsao et al., 2003; Peranteau et al., 2007; Curran et al., 2010), although one
study had less favorable results (Morris et al., 2009). When the data from these retrospective
studies were combined by Curran et al. (2010), the use of prenatal steroids in high-risk
microcystic CCAM lesions was associated with resolution of hydrops in 80% and an overall
survival to discharge of 87.1%. A US-based, blinded, randomized controlled trial (RCT) is
now underway, comparing the treatment of large microcystic CCAMSs with maternal
corticosteroids to placebo (CCAM steroids trial ClinicalTrials.gov Identifier:
NCT00881517). The primary outcome is the incidence of fetal hydrops and the secondary
outcomes are 1-month postnatal survival and the relative size of the CCAM. Depending on
the outcome of this clinical trial, a single course of betamethasone could represent a new
medical therapy for fetuses with microcystic CCAMs that have had historically poor
outcomes.
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Dexamethasone for CAH

Another fetal condition for which maternally administered steroids have been used is
congenital adrenal hyperplasia (CAH). CAH is an autosomal recessive disorder of
steroidogenesis, most commonly due to 21-hydroxylase deficiency. This enzyme deficiency
in the fetus results in prenatal cortisol deficiency and a subsequent adrenocorticotropic
hormone (ACTH)-driven excess production of adrenal androgens. In the more severe
classical form, excess of prenatal androgen causes external genital masculinization and
ambiguity in newborn females and progressive postnatal virilization in males. The clinical
situation in which prenatal diagnosis and treatment are usually offered is in the setting of a
previously affected child. The critical time for development of the external genitalia is
weeks 7-12, which is before chorionic villus sampling (CVS) can be performed to diagnose
fetal sex. Prenatal treatment of CAH to prevent virilization of female fetuses must therefore
begin before invasive tests can tell whether the fetus is affected and whether it is male or
female.

Fetal sex determination using cell-free fetal DNA in maternal plasma is a noninvasive
method of prenatal diagnosis that allows women carrying male fetuses to avoid prenatal
dexamethasone treatment (Avent and Chitty, 2006). Clinical experience with noninvasive
fetal sex determination has been positive in the UK, with the two English centers performing
this test reporting 99.5% accuracy from 7 weeks’ gestation onward (Hill et al., 2010). The
Endocrine Society supports the use of noninvasive testing in their clinical guidelines and
recommends that it becomes a required component of all prenatal CAH treatment research
protocols as soon as a consistently accurate test is available in early gestation (Speiser et al.,
2010). However, many centers still rely on traditional invasive methods of diagnosis as
noninvasive testing for fetal sex remains unavailable in many countries.

If prenatal treatment is undertaken, maternal oral dexamethasone should commence before 8
weeks’ gestation (Clayton et al., 2002). Doses of 20 pg/kg of pre-pregnancy maternal
weight/day up to a maximum of 1.5 mg/day have been shown to normalize androgen
precursor levels in affected fetuses (Forest et al., 1989). The need for ongoing
dexamethasone treatment is then reassessed after invasive prenatal testing for CYP21 gene
mutations by CVS at 10-13 weeks or amniocentesis at 15-17 weeks. If the fetus is
unaffected or male, then maternal dexamethasone is discontinued. Prenatal treatment
prevents virilization in approximately 85% of female fetuses. Treatment failures are usually
attributed to poor compliance, cessation in later pregnancy, or late onset of treatment (Vos
and Bruinse, 2010).

While this approach ensures that all affected females are treated during the early critical
period, seven out of eight women and their fetuses will be unnecessarily exposed to
dexamethasone unless noninvasive fetal sex determination is performed in first trimester.
This exposure of unaffected fetuses and mothers is the subject of ongoing concerns, both in
the medical and the bioethics communities. In the latest Clinical Practice Guideline of the
Endocrine Society, prenatal treatment is still given an ‘experimental’ status and a specific
prenatal protocol is not recommended (Speiser et al., 2010). The authors of the guideline
explain that they place ‘a higher value on preventing unnecessary prenatal exposure of

Prenat Diagn. Author manuscript; available in PMC 2015 March 30.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hui and Bianchi

Page 4

mother and fetus to dexamethasone and avoiding potential harms associated with this
exposure, and a relatively lower value on minimizing the emotional toll of ambiguous
genitalia on parents and patients’. The significant maternal risks of long-term
dexamethasone therapy include hypertension, abnormal glucose tolerance, infection, and
(potentially) osteoporosis or cataracts. Fetal risks include growth restriction, possible
disruption of the hypothalamic-pituitary-adrenal (HPA) axis with long-term behavioral
changes, and neurodevelopmental changes.

Postnatal genitoplasty and hormone therapy remain alternatives to prenatal steroid use to
treat female virilization, but this does not address the postulated psychological effects of
androgen exposure in affected females. There are similar concerns about the potential
negative metabolic, cognitive, and behavioral effects of long-term prenatal steroid treatment
on the growing fetus and the child (Lajic et al., 2008). A large European follow-up study of
children prenatally exposed to dexamethasone was reassuring, with no reported differences
in psychopathology, behavioral problems, or adaptive functioning, as compared to
nonexposed children (Hirvikoski et al., 2008). A US-based comprehensive follow-up study
investigating potential long-term adverse side effects of prenatal dexamethasone treatment
in children with 21-hydroxylase deficiency and their mothers is ongoing (ClinicalTrials.gov
Identifier: NCT00617292). Despite decades of medical experience with prenatal
dexamethasone, CAH remains a controversial topic and debate continues online
(www.fetaldex.org), as well as in the bioethical and medical media (McCullough et al.,
2010a, 2010b; New, 2010). These debates are unlikely to be completely settled by scientific
evidence alone, as they are inextricably linked with sociological, ethical, and political
factors (Kamenova, 2010).

TREATMENT OF FETAL ARRHYTHMIAS

Congenital heart block

Fetal heart block is defined as a persistent baseline heart rate of <100 beats per minute
(bpm). In fetuses with a structurally normal heart and 1 : 1 atrioventricular (AV) conduction,
more than half of congenital heart block (CHB) is caused by the transplacental effects of
maternal anti-ribonucleoprotein antibodies (anti-SSA/SSB antibodies). These maternal
antibodies, which are associated with connective tissue diseases such as systemic lupus
erythematosus, cross the placenta, bind to myocardial cells, and cause inflammation and
scarring to the AV node. The overall risk of CHB is 1-2% in anti-SSA/SSB positive
mothers, but rises to 17% if there is a history of a previously affected pregnancy (Llanos et
al., 2009). Poor prognostic factors in those fetuses with CHB but structurally normal hearts
include hydrops, a fetal heart rate <55 bpm, myocardial dysfunction, endocardial
fibroelastosis, and preterm delivery. Approaches to in utero treatment for high-risk fetuses
have concentrated on the use of maternally administered agents to suppress inflammation in
the fetal myocardium, with or without concurrent f-agonist therapy.

Retrospective observational studies have reported beneficial results from maternal
corticosteroid administration, including 90% survival in dexamethasone-treated cases of
third-degree heart block compared with 46% survival in untreated cases (Jaeggi et al.,

2004). However, in a review of 15 studies that included 93 cases of CHB, Breur et al. (2004)
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concluded that there was no evidence that maternal dexamethasone was either safe or
effective for the treatment of CHB. There are also persistent concerns regarding the long-
term effects of dexamethasone on fetal growth and development. This is confounded by the
fact that prematurity and growth restriction are common findings in CHB and are unable to
be distinguished from the effects of treatment in non-randomized trials.

The PR Interval and Dexamethasone Evaluation (PRIDE) study was the first attempt to
conduct a RCT of maternal dexamethasone treatment for fetal CHB (Friedman et al., 2009).
The original study design was a blinded RCT of maternal oral dexamethasone (4 mg/day)
compared with placebo. However, due to the obstacles of slow local institutional review
board approval systems and physician and patient reluctance to undergo randomization, this
proved to be an unfeasible design.

The final form of the PRIDE study was therefore a multicenter open-label nonrandomized
study that recruited women with anti-SSA or anti-SSB antibodies and any degree of fetal
heart block diagnosed on fetal echocardiogram. Thirty women were treated with
dexamethasone and ten were untreated. The study confirmed the high morbidity and
mortality associated with CHB, with pacemaker use at 2 years of age in 40-50% of both the
treated and untreated groups. There was no reversal of third-degree CHB in any of the 22
cases, either spontaneously or with therapy. The higher mortality seen in the treated group
compared with the untreated group (20 vs 0%) is likely to have been influenced by selection
bias given the nonrandomized study design. Although there was no discernable benefit of
dexamethasone treatment for third-degree CHB, the authors postulated a possible role for
dexamethasone in firstand second-degree CHB. The limitations of the study design,
however, prevented any firm conclusions regarding treatment benefit and risks in this small
group of patients.

Intravenous immunoglobulin (IVIG) has also recently attracted interest as an alternative to
maternal steroid therapy for management of CHB. In some case reports, it appears to have
prevented or ameliorated alloimmune fetal heart block in high-risk pregnancies (Kaaja and
Julkunen, 2003; David et al., 2010). There is considerable clinical experience with this
medication in pregnancy, as it is an established treatment for fetal alloimmune
thrombocytopenia and maternal autoimmune thrombocytopenic purpura. However, two
multi-center trials with identical treatment protocols failed to show any benefit. The US-
based open-label prospective trial Preventive Intravenous Immune Globulin Therapy for
Congenital Heart Block (PITCH) study, and a European multicenter study both failed to
show any benefit with a dosage regime of IVIG 400 mg/kg every 3 weeks from weeks 12 to
24 of gestation (Friedman et al., 2010; Pisoni et al., 2010). Twenty women completed the
IVIG protocol in the PITCH study before it was terminated. The combined experience of
these two trials showed six cases of CHB in 33 women with a history of a prior child with
CHB. This is consistent with the recurrence rates in untreated pregnancies (Llanos et al.,
2009).

Prevention and prenatal treatment of CHB thus remains an unsolved clinical problem. It may
be that higher doses of IVIG, similar to those used in other conditions, such as fetal
alloimmune thrombocytopenia, may be required for a transplacental therapeutic effect. At
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the very least, these two trials show the feasibility of recruiting high-risk women to clinical
intervention trials of fetal therapy and contribute more safety data on the use of IVIG in
pregnancy.

Tachyarrhythmias

There are a variety of fetal cardiac conduction abnormalities that result in a sustained fetal
heart rate > 180 bpm. Antiarrhythmic drugs delivered via the transplacental route is a well-
established treatment for these fetal tachyarrythmias (Api and Carvalho, 2008). Sustained
fetal tachycardia is associated with increased perinatal morbidity and mortality, particularly
in preterm infants. Therefore, prenatal therapy is usually preferred over immediate delivery
when intervention is indicated. The current mainstay of assessment is fetal
echocardiography. The vast majority of fetal tachyarrhythmias are either AV reentry
tachycardias or atrial flutter.

Although the transplacental (maternal) route is generally accepted as the first line of
administration in fetal tachyarrhythmias, there is no universal consensus on the choice of
drug. This is primarily influenced by the type of arrhythmia, side effects, and prior clinician
experience. No prospective controlled trials have been performed to date, but based on the
retrospective studies, digoxin is widely accepted as a mainstay of treatment for fetal
supraventricular tachycardia (SVT) (Api and Carvalho, 2008; van den Heuvel et al., 2008;
Strasburger and Wakai, 2010). Its pharmacokinetics and adverse effects are well described
and it can be administered orally or intravenously with good bioavailability to the
nonhydropic fetus. Maternal digoxin therapy achieves successful fetal conversion to sinus
rhythm in over 60% of nonhydropic fetuses with SVT, but in only approximately 20% of
hydropic fetuses (Krapp et al., 2003).

Other second- or third-line transplacental and antiar-rhythmic drugs include sotalol (Oudijk
et al., 2000, 2003; Rebelo et al., 2006), flecainide (Frohn-Mulder et al., 1995; D'Souza et
al., 2002; Krapp et al., 2003), and amiodarone (Flack et al., 1993; Strasburger et al., 2004).

Direct fetal administration with intramuscular, intraperitoneal or intravenous drugs is usually
restricted to refractory cases in which fetal hydrops is present, as transplacental drug transfer
may be impaired in this state (Younis and Granat, 1987; Hansmann et al., 1991, Parilla et
al., 1996). Fetal intramuscular digoxin is the more favored approach for direct fetal
administration, as it avoids the cordocentesis-related complications of intravascular
amiodarone therapy (Hansmann et al., 1991). However, direct fetal therapy is not essential
in the presence of fetal hydrops, as therapeutic effects can be achieved with combination
transplacental drug therapy (Ebenroth et al., 2001; Strasburger et al., 2004; Merriman et al.,
2008).

THERAPY FOR FETAL INBORN ERRORS OF METABOLISM

Prenatal replacement therapy for fetuses with an inborn error of metabolism has been
reported in only a few conditions in which morbidity is high, and prenatal treatment carries
potential benefit for the newborn with minimal maternal risk. The vast majority use the
transplacental route to treat the fetus via oral or intramuscular maternal administration.
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Case reports of maternal treatment with oral or intramuscular vitamin B12 for prenatal
treatment of fetal methylmalonic acidemia (MMA) date as far back as 1975 (Ampola et al.,
1975; van der Meer et al., 1990; Soda et al., 1995; Zass et al., 1995; Spada et al., 1999;
Huemer et al., 2005; Zhang et al., 2008). MMA can present prenatally as growth restriction
or dilated cardiomyopathy (De Bie et al., 2009), or postnatally with recurrent vomiting,
failure to thrive, developmental retardation, and hepatomegaly. Recent advances in the
prenatal diagnosis of MMA using biochemical and molecular genetic approaches may make
the opportunity for prenatal treatment more common (Cavicchi et al., 2006). However,
prenatal treatment is not always accompanied by improvements in biochemical markers of
disease severity or the prevention of postnatal complications. This highlights the lack of
knowledge regarding optimum dosing (Soda et al., 1995) and the influence of fetal treatment
on long-term outcomes (Huemer et al., 2005). Monitoring the efficacy of prenatal treatment
by measurement of odd-numbered fatty acid accumulation in newborn adipose tissue has
been attempted, but its correlation with the prevention of neuropathology is unknown (Zass
et al., 1995).

Biotin-responsive multiple carboxylase synthetase deficiency is a rare autosomal recessive
inborn error of metabolism that usually presents in the newborn period with severe
metabolic acidosis. It is treated with lifelong biotin therapy. Prenatal features include growth
restriction and ventriculomegaly (Yokoi et al., 2009). Diagnosis of an affected fetus can be
made by analysis of maternal urine or amniotic fluid organic acids, enzymatic activity assay
of carboxylases in chorionic villi or amniocytes, or by molecular genetic diagnosis from
chorionic villi (Malvagia et al., 2005). Treatment with maternal oral biotin supplementation
during pregnancy has been reported to improve the biochemical or clinical features in the
newborn in five case reports (Packman et al., 1982; Roth et al., 1982; Suormala et al., 1998;
Thuy et al., 1999; Yokoi et al., 2009). However, more severe forms of the disease may only
show partial response to the usual 10 mg daily dose (Yokoi et al., 2009).

3-Phosphoglycerate-dehydrogenase deficiency is a treatable disorder of amino acid synthesis
that causes congenital microcephaly, severe psychomotor retardation, and intractable
seizures. Postnatal oral therapy with -serine is beneficial for the treatment of seizures, but
prevention of congenital microcephaly obviously requires a prenatal approach. A single case
report of prenatal maternal administration of .-serine supplementation reported a good
outcome with a normal head size at birth and normal psychomotor development at 2 years of
age, suggesting that this disorder of amino acid synthesis can be successfully treated
prenatally (de Koning et al., 2004).

More recently, another disorder of amino acid synthesis was treated prenatally with apparent
success in two families affected by pyridoxine-dependent seizures (Bok et al., 2010).
Maternal oral treatment with pyridoxine was given during the second pregnancy in each
family and outcomes were compared with the first untreated pregnancy. The authors
reported better perinatal and long-term neurodevelopmental outcomes in the prenatally
treated pregnancies. Notable outcomes in the prenatally treated children included the
absence of intrauterine seizures and higher 1Q scores when compared with their untreated
siblings.
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A single case report of prenatal cholesterol replacement for Smith—Lemli—Opitz syndrome
(SLOS) is remarkable for utilizing direct fetal therapy via intraperitoneal and intravascular
infusions of fresh frozen plasma (FFP)(Irons et al., 1999). Clinical manifestations of SLOS
include prenatal and postnatal growth restriction, microcephaly, distinctive facial
appearance, intellectual disability, and ambiguous genitalia. In this case report, three
infusions of FFP were given between 34 and 37 weeks’ gestation. This resulted in increased
levels of cholesterol in fetal blood and an increased fetal mean erythrocyte cellular volume,
suggesting that the cholesterol had been incorporated in the erythrocyte cell membranes.
Prenatal growth velocity also improved, with an increase from the 7th to the 15th percentiles
during treatment.

While there is insufficient evidence to formally assess the effectiveness of any of these
replacement therapies, the lack of reported toxicities and their biological rationales make
them interesting—albeit highly experimental—considerations for prenatal treatment of rare
metabolic diseases with associated anomalies and congenital morbidities.

TREATMENT FOR FETAL THYROID DISORDERS

Intra-amniotic therapy for fetal goitrous hypothyroidism

Intra-amniotic instillation of medication has been well described in fetal goitrous
hypothyroidism, a condition in which transplacental thyroxine supplementation is not
possible due to placental impermeability and maternal side effects. (Abuhamad et al., 1995;
Agrawal et al., 2002; Hashimoto et al., 2006; Miyata et al., 2007; Hanono et al., 2009;
Ribault et al., 2009). Potential causes of fetal goiter include primary dyshormonogenesis
(Borgel et al., 2005) and side effects of maternal antithyroid medication (Miyata et al.,
2007). In severe cases of this condition, the mass effect of a large fetal goiter can lead to
polyhydramnios, head hyperextension, and airway obstruction at birth.

Diagnosis is usually made by sonography with or without fetal blood or amniotic fluid
sampling (Thorpe-Beeston et al., 1992). Intra-amniotic replacement therapy for
hypothyroidism is primarily aimed at reducing the size of the goiter and the complications
associated with the mass effect. Intra-amniotic installation of thyroxine allows for fetal oral
ingestion of the hormone, but also carries risks associated with repeated amniocentesis,
including premature rupture of membranes, preterm birth, and sepsis. Case reports describe
regimes of levothyroxine (150-600 ug) injected into the amniotic cavity every 7-10 days.
Given that the aim is reduction of goiter size, assessment of a therapeutic response is usually
managed noninvasively by sonographic examination. There have been no trials to assess this
therapy. It is currently unknown if long-term developmental outcomes are altered by
initiating hormone replacement therapy in the prenatal period, as compared with postnatal
replacement only. Successful fetal intramuscular injection has been reported in a case of
failed intra-amniotic therapy, where initial treatment failure was attributed to severe
esophageal obstruction impeding swallowing (Corral et al., 2010).

Antithyroid treatment for fetal thyrotoxicosis

Fetal thyrotoxicosis, most commonly caused by maternal Graves’ disease, can lead to
serious complications such as growth restriction and fetal hydrops. Traditional maternal
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therapy for Graves’ disease with thioamides counteracts the effect of the thyroid-stimulating
immunoglobulins (TSIs) and prevents both maternal and fetal complications of
hyperthyroidism. However, a woman who has been successfully treated for Graves’ disease
with thyroid ablation or surgery can still transfer thyroid-stimulating antibodies to the fetus.
In the absence of maternal antithyroid medication, these TSlIs can cause fetal
hyperthyroidism with persistent fetal tachycardia, goiter, growth restriction, or hydrops
(Heckel et al., 1997; Srisupundit et al., 2008; Ting et al., 1999).

The diagnosis of fetal thyrotoxicosis can be established by performing fetal thyroid function
tests on umbilical cord blood or based on the high levels of maternal TSI antibodies and a
medical history of Graves’ disease. There are many case series of successful intrauterine
treatment for fetal hyperthyroidism using standard doses of antithyroid drugs (150 mg/day
of propylthiouracil) via maternal oral administration (Wallace et al., 1995; Watson and
Fiegen, 1995; Heckel et al., 1997; Bowman et al., 1998; Duncombe and Dickinson, 2001;
Srisupundit et al., 2008). Maternal hypothyroidism is a potential complication of this
approach, but maternal thyroid hormone replacement therapy is possible, as this does not
cross the placenta to any significant degree.

NSAIDs TO REDUCE AFV

Excessive amniotic fluid volume (AFV), defined as an AF index >97.5th percentile or >24
cm (Moise, 1997), can be associated with either maternal or fetal diseases, although the
majority of pregnancies affected by mild polyhydramnios are normal. The risk of a major
fetal anomaly, including aneuploidy, increases with the extent of polyhydramnios. Up to
28% of fetuses with ‘idiopathic’ polyhydramnios have significant abnormalities detected in
the first year of life (Dorleijn et al., 2009). Detailed prenatal sonographic studies can detect
structural abnormalities and screen for fetal anemia. In the absence of a specific fetal
condition amenable to targeted interventions, treatment of polyhydramnios is usually only
indicated in severe cases for the relief of maternal symptoms or to reduce the risk of preterm
birth.

The treatment of polyhydramnios has surgical and medical approaches. Directly draining off
the excess amniotic fluid via amniocentesis provides rapid relief, but may be only a
temporary solution, as the excessive fluid often recurs. Amnioreduction also carries the risks
of preterm labor, abruption, preterm rupture of membranes, fetal distress, and sepsis, which
accumulate with serial procedures.

In the 1990s, indomethacin was investigated in multiple studies for the medical treatment of
polyhydramnios (as reviewed in Moise, 1997). Indomethacin is a nonsteroidal anti-
inflammatory drug (NSAID) that reduces AFV by reducing fetal urine output (Kirshon et
al., 1988, 1991), increasing fetal breathing movements (Hallak et al., 1992), and reducing
pulmonary fluid production (Stevenson and Lumbers, 1992). Since then, indomethacin has
largely fallen out of favor for the treatment of polyhydramnios due to subsequently
recognized fetal side effects of in utero constriction of the ductus arteriosus and postnatal
renal insufficiency. Long-term maternal use of indomethacin during pregnancy, particularly
after 32 weeks, is also associated with other serious perinatal complications such as fetal
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hydrops, persistent fetal circulation, necrotizing enterocolitis, and ileal perforation (Moise,
1997).

A rare condition in which a specific preference for prenatal indomethacin treatment may
exist is fetal Bartter syndrome, an inherited renal tubular disorder in which fetal polyuria is
associated with elevated levels of prostaglandin E (Konrad et al., 1999; Dane et al., 2010).
In most clinical situations, however, the severe antiprostaglandin effects of indomethacin are
not desired. Sulindac appears to be a less fetotoxic alternative NSAID if medical treatment
of polyhydramnios is indicated. This drug has less constrictive effects on the ductus
arteriosus (Rasanen and Jouppila, 1995) and reduces AFV with fewer fetal side effects
(Carlan et al., 1992).

Sulindac has been used to reduce AFV in both singleton (Jayagopal et al., 2007) and twin
pregnancies. Of special interest is its use in monochorionic monoamniotic twin pregnancies
to prevent fetal death due to cord complications (Peek et al., 1997; Pasquini et al., 2006). In
these uncontrolled case series, the use of prophylactic sulindac from 20 weeks’ gestation in
monochorionic monoamniotic twins, in combination with ultrasound surveillance and
delivery at 32 weeks, was associated with stabilization of fetal lie and a higher rate of peri-
natal survival compared with historical outcomes.

THE FUTURE OF MEDICAL THERAPY

To date, pharmacotherapy has largely been based on adaptations of postnatal approaches for
similar conditions. In the future, however, it is conceivable that a ‘personalized medicine’
approach can and will be developed for each fetus with anomalies. For example, Slonim et
al. (2009) performed gene expression analysis on cell-free MRNA isolated from the second-
trimester amniotic fluid of euploid fetuses and fetuses with trisomy 21. A list of statistically
significant differentially regulated genes for the fetuses with trisomy 21 was developed and
uploaded into a freely available database known as the Connectivity Map
(www.broadinstitute.org/CMAP). The Connectivity Map suggests specific bioactive, US
Food and Drug Administration (FDA)-approved small molecules that can mimic or negate
the fetal gene expression signature. In this report, oxidative stress was the major functional
abnormality for the fetuses with trisomy 21. The Connectivity Map suggested a number of
different antioxidants as treatment. Although this study only addressed fetuses with Down
syndrome, it could easily be generalized to treat any fetuses with an isolated anomaly or a
syndrome with a consistent phenotype.

CONCLUSIONS

Fetal anomalies that are targeted with prenatal pharmacotherapy comprise a heterogeneous
group of structural, endocrine, and metabolic conditions. It is notable that very few fetal
therapies included in this review have undergone prospective studies. The experience in
invasive fetal therapy shows that it is feasible to randomize surgical interventions for high-
risk fetal conditions. However, pharmacological therapies for fetal conditions appear to have
been less rigorously evaluated to date, perhaps because management of these disorders is
less centralized than for novel surgical procedures. Some long-standing therapies, while
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lacking quality clinical trial evidence, have enough accumulated clinical experience to
comfortably guide treatment, such as digoxin for fetal SVT. Similarly, treatment of fetal
thyroid conditions relies on known biological mechanisms and accumulated data from case
series. Extremely rare conditions, such as the inborn errors of metabolism, are unlikely to
ever generate enough evidence to establish the efficacy of prenatal intervention.

Noninvasive determination of fetal sex in first trimester may allow targeted treatment of
female fetuses with suspected CAH and remove some of the concerns regarding unnecessary
dexamethasone exposure to unaffected fetuses and mothers. However, the continuing debate
over prenatal treatment of CAH shows that controversies persist about the ethics of treating
pregnant women and their fetuses in the context of inadequate clinical data.

The field of medical therapy for fetal anomalies is beginning to adopt an evidence-based
approach to pharmacological interventions. The appearance of prospective trials of medical
fetal therapies in recent years such as the CCAM steroid trial, the PITCH, and PRIDE
studies contrasts with the experience from prior years with retrospective case series and
isolated case reports. This change is welcome, as prospective trials of prenatal fetal therapy
provide much more than evidence to guide treatment: they also necessitate a commitment to
multicenter collaboration and ethical scrutiny that can only benefit the field as a whole.
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Figure 1.
The different routes by which fetal therapeutics may be administered prenatally
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Table 1

Summary of current conditions treated with prenatal pharmacotherapy
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Fetal condition Prenatal medical therapy Route of administration
CCAM Betamethasone Maternal intramuscular
CAH Dexamethasone Maternal oral
CHB Dexamethasone Maternal oral
IVIG Maternal intravenous
Tachyarrhythmias Antiarrhythmics (e.g. digoxin, sotalol, Maternal oral, maternal intravenous, fetal

flecainide, amiodarone)

Methylmalonic acidemia Vitamin B12

Multiple carboxylase synthetase deficiency Biotin
3-Phosphoglycerate-dehydrogenase deficiency L-serine

Pyridoxine-dependent seizures Pyridoxine

SLOS FFP as a source of cholesterol
Fetal goitrous hypothyroidism Levothyroxine

Fetal thyrotoxicosis post maternal thyroid ablation Propylthiouracil

Polyhydramnios, monochorionic monoamniotic NSAIDs (sulindac, indomethacin)

(MCMA) twins, Bartter syndrome

intramuscular, fetal intravenous
Maternal oral, maternal intramuscular
Maternal oral

Maternal oral

Maternal oral

Fetal intravascular, intraperitoneal
transfusion

Intra-amniotic, fetal intramuscular
Maternal oral

Maternal oral

CAH, congenital adrenal hyperplasia; CCAM, congenital cystic adenomatous malformation; CHB, congenital heart block; FFP, fresh frozen
plasma; IVIG, intravenous immunoglobulin; NSAIDs, nonsteroidal anti-inflammatory drugs; SLOS, Smith-Lemli-Opitz syndrome
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