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Prenatal genetic diagnosis: fetal therapy as a possible
solution to a positive test
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Abstract. Background: Fetal abnormalities cause 20% of perinatal deaths. Advances in prenatal genetic and
other types of screening offer great opportunities for identifying high risk pregnancies. Methods: Through a
literature search, here we summarise what are the prenatal diagnostic technique that are being used and how
those techniques may allow for prenatal interventions. Results: Next generation sequencing and non-invasive
prenatal testing are fundamental for clinical diagnostics because of their sensitivity and accuracy in identify-
ing point mutations, aneuploidies, and microdeletions, respectively. Timely identification of genetic disorders
and other fetal abnormalities enables early intervention, such as in-utero gene therapy, fetal drug therapy and
prenatal surgery. Conclusion: Prenatal intervention is mainly focused on conditions that may cause death or
lifelong disabilities, like spina bifida, congenital diaphragm hernia and sacrococcygeal teratoma; and may be
an alternative therapeutic option to termination of pregnancy. However, it is not yet widely available, due to
lack of specialized centers. (www.actabiomedica.it)
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Introduction can enable low and high risk pregnancies to be rec-

ognized in the early stages. The timely identification
Since fetal abnormalities, with a prevalence of of genetic and other fetal disorders allows various in-

2-5%, cause 20% of perinatal deaths (1), prenatal
screening is considered a valuable option for the iden-
tification of high risk pregnancies. Genetic screening

terventions and decisions for better management of
pregnancy. For several decades, four methods of pre-
natal genetic testing have been available: ultrasonog-
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raphy, analysis of serum markers, amniotic fluid and
chorionic villus sampling (CVS) with analysis of DNA
from fetuses at high risk of genetic disorders on the
basis of family genetic history (2). Advances in prena-
tal testing show the possibility of non-invasive deter-
mination of fetal genetic risk. Such approach known
as non-invasive prenatal testing (NIPT) uses next
generation sequencing (NGS) of cell-free fetal DNA
(cfIDNA) followed by bioinformatic analysis (3-5). In
recent years, this technique is gaining acceptance in
clinical practice (6) because of its ability to detect fetal
aneuploidies (7) microdeletions related to severe ge-
netic syndromes (8), and point mutations (9). In 2017
a study evaluating the implementation of NIPT as a
first-tier screening test for trisomies 21, 18, and 13 in
the government-supported national prenatal screening
program (TRIDENT-2 study) has started. The study
has confirmed that genome-wide NIPT is a reliable
and robust screening test for the detection of above
mentioned fetal trisomies (10). Apart from its screen-
ing role, we have previously demonstrated that NIPT
can be also used for the identification of common sin-
gle nucleotide polymorphisms and copy number vari-
ations in population. Such secondary role of NIPT
suggest that it could serve as a valuable alternatives to
large scale population studies (11, 12).

Prenatal molecular diagnosis
Prenatal next generation sequencing

Genetic factors significantly influence the prog-
nosis and outcome of pregnancies. Before the advent of
NGS, many genetic disorders remained undiagnosed
because they could not be detected by cytogenetic
techniques, like quantitative fluorescence polymer-
ase chain reaction, fluorescence in-situ hybridization,
chromosomal microarray analysis and G-banding (1).
Various studies have indicated the high diagnostic rate,
effectiveness and low cost of NGS in prenatal diagno-
sis (13-15). The significance of NGS in genetic testing
for prenatal diagnosis of fetal anomalies is illustrated
by the Prenatal Assessment of Genomes and Exomes
project that analyzed 1000 samples from parent-fetus
trios for structural abnormalities (16).

Other studies have extensively reviewed the ethi-
cal issues related to prenatal NGS that could provide
parents with information about fetal genetic disorders,
and enable them to make well-informed decisions
about current and future pregnancies and available
therapeutic options (1). International scientific socie-
ties like the International Society for Prenatal Diag-
nosis, the Society for Maternal Fetal Medicine and the
Perinatal Quality Foundation discourage routine diag-
nostic sequencing and recommend that these tests only
be performed after case by case genetic consultation
or for research purposes (17). However, the increasing
number of treatable genetic disorders justifies increas-

ing use of NGS.
Non-invasive prenatal testing

The discovery of maternal plasma cffDNA (18) led
to introduction of new methods of screening for fetal
aneuploidies and to the development of NIPT. cffDNA
originates from apoptosis of placental trophoblast cells
and is released into the maternal circulation. Although
it depends on several factors (19) the concentration of
cffDNA is 25 times higher than that of circulating fetal
cell DNA per unit of whole maternal blood (20). Con-
ducted on a sample of maternal blood, NIPT is a safe,
painless, non-invasive technique that avoids the risk of
miscarriage associated with CVS and amniocentesis
(procedure-related risk of miscarriage following amnio-
centesis is 0.30% and 0.20% for CVS) (21). It has been
validated clinically by the American College of Medi-
cal Genetics and Genomics and is recommended for
Down syndrome, Edwards syndrome and Patau syn-
drome screening (22). It is reported that NIPT detects
trisomy 13, 18 and 21 with a sensitivity of 97-99% (23).
Actually, DNA sample obtained after NIPT identify
dominant, recessive and de novo genetic diseases of the
fetus. This approach, in addition to requesting specific
genetic counseling, raises ethical questions.

Although NIPT reduces the use of invasive pre-
natal diagnostic procedures, Beaudet and other re-
searchers underline some negative aspects and limita-
tions, for example it cannot detect most severe struc-
tural chromosomal rearrangement, making invasive di-
agnostic tests like amniocentesis necessary to confirm

positive NIPT results (24).
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Further research is focusing on improving NIPT:
enhancing its accuracy, overcoming its limitations and
refining its diagnostic abilities to transform it from a
screening procedure into a diagnostic test that does not
require any invasive confirmation (25). A recent study
revealed that in addition to common trisomies, NIPT
can also identify sex chromosome abnormalities (e.g.
Turner syndrome, XXX syndrome, XYY syndrome)
and microdeletion syndromes (Angelman syndrome,
Prader-Willy syndrome, 1p36 deletion syndrome,
Cri-du-Chat syndrome, Wolf-Hirschhorn syndrome,
Jacobsen syndrome, Langer-Giedion syndrome, Di
George II syndrome, 16p11.2-p12.2 deletion, Phelan-
McDermind syndrome) with more than 99% specific-
ity and sensitivity (26).

The fetus as patient

Although most fetal complications and disorders
are treated after birth, in some cases prenatal interven-
tion can be considered an option to save the life of
the fetus or to improve its quality of life after delivery.
Since there are risks associated with prenatal interven-
tion, the potential benefits and damage to the fetus
and/or mother should be evaluated before taking this
course (27). With all these advances in fetal medicine
and prenatal screening, the concept of the fetus as pa-
tient has emerged (28). Depending on fetal viability,
directive and non-directive counseling can be chosen.
For viable fetuses, directive counseling is preferred to
emphasize benefits for the fetus, like recommendations
regarding cesarean section, fetal surveillance or deliv-
ery at a tertiary care center. If the fetus is pre-viable,
nondirective counseling is recommended regarding
termination or continuation of the pregnancy. In any
case, it is the mother’s right to decide after considering
all available medical options, including termination of
pregnancy.

The concept of the fetus as patient has emerged
by virtue of the latest fetal diagnostic and therapeutic
technologies, which make it possible to prenatally di-
agnose, prevent or cure conditions that were previously
incurable, and save the mother from stressful proce-
dures like termination of pregnancy (29).

Fetal therapy
Prenatal intervention

Prenatal intervention is mostly limited to poten-
tially lethal conditions or ones that can cause lifelong
disability; for example, severe congenital diaphragm
hernia (CDH) is being treated with fetal endoluminal
tracheal occlusion (30). New procedures, such as laser
photocoagulation for severe mid-trimester chorionic
anastomoses (31), endoluminal tracheal occlusion for
severe CDH and open hysterotomy for repair of my-
elomeningocele (MMC) (32), must be tested on well-
designed animal models and in random controlled tri-
als. Other mild and simple procedures like fetal blood
transfusion do not require such a strict scientific vali-
dation process, whereas procedures that did not show
real benefits for the fetus have been abandoned.

Therapies for fetal genetic disorders

An increasing number of healthcare centers
around the globe currently offer prenatal therapeutic
procedures. Prenatal intervention can be classified on
the basis of invasiveness, for example in increasing
order of invasiveness: pharmacological management,
gene therapy, stem cell transplant, endoscopic surgery,
shunting and ultrasound-guided needle intervention
and open prenatal surgery.

Fetal gene therapy

The main focus of fetal therapeutic trials has now
shifted from management of symptoms to new thera-
pies that target the underlying defects caused by genetic
mutations. Pharmacological and genetic therapies are
mainly based on either replacement of mutant proteins
or enhancement of protein function. Hence, prenatal
therapeutic strategies include medications, biochemical
therapies and development of new DNA and RNA cor-
rective therapies to overcome genetic defects. In order
to permanently solve a genetic disorder, the best course
of action is to treat it at genetic level, by inactivation,
activation or alteration of the target genes (33). DNA
repair techniques like CRISPR/Cas9 show great poten-
tial for prenatal correction of fetal genetic defects (27).
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In-utero gene therapy

A recent paper by Massaro e al. reported suc-
cessful implementation of prenatal gene therapy in a
mouse model of acute neuronopathic Gaucher disease,
caused by variants in the GB4 gene that disrupt spe-
cific lipids or fatty acid breakdown. Ultimately, neu-
ronopathic Gaucher disease leads to accumulation of
lipids in cells of the brain and other organs, causing
their dysfunction. In children, acute neuronopathic
Gaucher disease causes early death, usually within two
years of birth. For this study Massaro ez al. performed
in-utero gene therapy (IUGT), transducing wild type
GBA gene copies encoding glucocerebrosidase to the
developing fetus using an adeno-associated virus as
vector (34). The wild type GBA gene transduction
reconstituted neuronal glucocerebrosidase expression
and eliminated neuroinflammation and neurodegen-
eration, minimizing the brain damage caused by lipid
accumulation and ultimately restoring the fertility and
mobility of the mice and increasing their longevity
(34).In another significant clinical study, Schneider ez
al. administered recombinant ectodysplasin A protein
intra-amniotically to three human fetuses with X-
linked hypohidrotic ectodermal dysplasia at the end of
the second trimester. The infants were able to sweat
normally and the related illness had not developed by
14 to 22 months of age (35).

During gestation, IUGT with in vivo or ex vivo
approaches is considered the ultimate therapeutic
strategy for a wide range of genetic disorders. Theoret-
ically, IUGT could be a potential treatment for several
lethal or severe juvenile disorders like sulphite oxidase
and molybdenum cofactor deficiencies, neonatal mo-
nogenic epileptic encephalopathies, organic aciduria,
fatty acid oxidation defects, urea cycle defects, ma-
terno-fetal infection, surfactant deficiency syndrome,
gastrointestinal cystic fibrosis, lysosomal storage disor-
ders, hemophilia and spinal muscular atrophy.

In favor of further development of IUGT is the
fact that postnatal treatment of atrophies and hemo-
philia is associated with a high risk of complications
and treatment failure, is only suitable for a restricted
group of patients and has prohibitive costs. Negative
aspects are that maternal exposure to viral vectors dur-
ing transduction or infusion of gene products into the

fetus could trigger maternal immune response against
the vector or protein (36). As new diagnostic and ther-
apeutic technologies develop, prenatal medicine will
hopefully become more widely available and a distinct
medical specialization.

In-utero nanoparticle delivery for site-specific genome
editing

In-utero nanoparticle delivery is another gene
correction approach that has proven safe and effec-
tive in prenatal animal models. The main idea is to
administer (by inhalation or intravenously) single-
stranded donor DNA and triplex-forming peptide
nucleic acids (PNAs) loaded on biodegradable poly-
mer nanoparticles. The PNAs are nucleobases with
an altered polyamide backbone that bind to specific
genome target sites by Watson-Crick and Hoogsteen
base-pairing, resulting in triplex PNA/DNA/PNA
structures that induce endogenous DNA repair (37).
In animal models of cystic fibrosis and p-thalassemia,
PNA/DNA nanoparticle-mediated genome correc-
tion showed promising results in gene-editing and
phenotype improvement. Direct iz vivo administra-
tion of PNA/DNA nanoparticles has shown extreme-
ly low or almost undetectable off-target genomic
results due to lack of inbuilt nuclease activity of the
PNA-editing molecules. In further studies, research-
ers used in-utero treatment with chemically modified
next-generation YPNAs and DNA-loaded nanopar-
ticles to correct a disease-causing mutation in a fe-
tal mouse model of human B-thalassemia, yielding
permanent postnatal improvement in terms of red
blood cell morphology, increased hemoglobin con-
centrations, lower extramedullary hematopoiesis and
reduced reticulocyte counts (38). Prenatal treatment
promises many benefits, one of which is the ability to
minimize the damage caused by a genetic disorder.
Another benefit of fetal therapy is that administration
of certain treatments is easier in the developing fetus
than in the adult, due to the increased permeability of
the fetal blood brain barrier, a membrane preventing
the movement of certain molecules from blood into

the brain (39).
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In-utero stem cell therapy and gene therapy

Large animal models have been used to analyze
the capacity of allogenic or autologous stem cells to
prenatally correct defects caused by genetic disorders
(40). Amniotic fluid stem cells (AFSCs) extracted
from humans, sheep and mice are readily transduced
and maintain all their features. AFSCs also have spe-
cial immunological properties that make them an ideal
and reliable source for transplant therapy in neuro-
logical disorders, diaphragm hernia and bladder injury
(41). Another type of cell that can be used for in-utero
transplants, for example to correct severe immunologi-
cal defects in fetuses with immunodeficiency, is the
hematopoietic stem cell (42). Human bone marrow-
derived mesenchymal stem cells (MSCs) have also
been transplanted, showing long-term engraftment
and capacity to differentiate into various tissues in
fetal sheep (43). Therapeutic prospects for combined
surgical repair and MSC transplant in utero were re-
cently established for spina bifida in a rat model. In-
utero treatment with MSCs from human fetal blood
in the first trimester improved the skeletal disorder,
osteogenesis imperfecta, in a mouse model. Two cases
of prenatal treatment with donor fetal liver MSCs, ob-
tained from fetuses miscarried in the third trimester,
showed promising results with successful engraftment
of 7.4% chimerism and long-term outcomes in a fetus
with severe osteogenesis imperfecta (44). These stem
cells have also shown potential for repair in many pre-
clinical disease models like diaphragm hernia, neuro-
logical disorders and bladder injury in newborns and
adults (45).

In-utero stem cell transplant is a safe technique,
ideally achieved by a single injection in the placental
cord insertion or intrahepatic portion of the umbilical
vein. In-utero treatment with expanded or freshly iso-
lated autologous cultured AFSCs leads to multilineage
long-term hematopoietic engraftment (45).However,
in utero treatment with autologous AFSC transplant
may have immunological repercussions, causing the
therapy to fail, if the body perceives it as a “foreign”
protein. While autologous stem cells like AFSCs have
great potential in in-utero transplant treatment, im-
mune tolerance needs to be induced to ensure its suc-
cess (46).

The combination of in-utero stem cell transplant
and gene therapy has shown enormous potential in
pre-clinical experiments on sheep. This combined ap-
proach appears to have long-term effects and engraft-
ment when autologous stem cells are used. The autolo-
gous stem cell gene manipulation takes place outside
the fetus, thus avoiding the risk of off-target effects,
such as transfer of fetal genes to the mother (47).

The British Gene Therapy Advisory Council con-
siders in-utero transplant of stem cells a therapeutic
option for many genetic diseases, although it suggests
that these techniques may be better for short-term
therapies rather than fetal gene therapy (48).

Fetal drug therapy

During pregnancy, drugs are usually prescribed
to treat maternal disorders. In specific cases, they can
be administered for fetal disorders. Various pharma-
cological agents are administered prenatally, either
indirectly by transamniotic or transplacental injection
or directly by intraperitoneal, intravenous or intramus-
cular injection. The most common example of in-utero
pharmacological intervention is glucocorticoid admin-
istration that reduces conditions related to prematurity
like respiratory distress (49).

Fetal drug therapy was first established in 1972 by
Liggins and colleagues (50). The implementation of fe-
tal glucocorticoid treatment now extends to prenatally
diagnosed tumors and congenital heart block. Com-
mon drugs/therapeutic agents used for prenatal treat-
ment include intravenous immunoglobulin to prevent
fetal and neonatal alloimmune thrombocytopenia,
anti-retroviral drugs to reduce perinatal transmission
of human immunodeficiency virus, dexamethasone to
prevent virilization in congenital adrenal hyperplasia,
anti-arrhythmic drugs for cardiac arrhythmia and lev-
othyroxine for congenital hypothyroidism (28).

Transplacental drug transfer

Several medications intended for the fetus are ad-
ministered to the mother, and cross the placenta into
the fetal circulatory system. Trans-placental adminis-
tration of drugs is convenient but can only be used for
medications with small molecules (<1 kDa) (51). The
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dose actually received by the fetus may be affected by
maternal factors such as renal clearance, maternal vol-
ume of distribution and hepatic first-pass effect. Al-
though the mother may suffer side effects, this drug
delivery method is preferable to the invasive and risky
method of direct fetal injection.

Drugs with molecules <1 kDa include most cur-
rent medications, which could therefore readily cross
the placenta by diffusion. To take full advantage of
transplacental transfer, medications administered to
the mother for fetal drug therapy should be concen-
trated enough to reach therapeutic levels in the fetal
circulation. On the other hand, drugs that act as sub-
strates for metabolizing enzymes and efflux transport-
ers, may have side effects for the mother (28).

Direct fetal injection for drug transfer

Ultrasound-guided fetal drug injections can be
administered intravenously, into the amniotic fluid,
into specific fetal tissues or into the umbilical cord.
This approach is preferred when transplacental trans-
fer is limited due to the chemical nature of the drug.
Disadvantages include the fact that fetal movements
can make administration challenging and involve seri-
ous risks of missing the target. When multiple injec-
tions are required, the risk of fetal death or infections
increases with each injection. In CVS and amniocen-
tesis, the overall risk of fetal loss is 0.5 to 1% (Olney
et al. 1995).

During pregnancy, maternal drug therapy mainly
focuses on balancing maternal benefits and fetal risks,
whereas fetal drug therapy should focus on balancing
fetal benefits against maternal risks. While targeted fe-
tal therapies require smaller doses of a drug, which may
minimize the possibility of side effects for the mother,
the dose should be determined to make treatment ef-
fective. The pharmacokinetics of fetal drug therapy is
different from what can be expected in children and
adults. The fetal process of drug elimination is also dif-
ferent due to amniotic recycling (52).

Prenatal surgery

Advances in ultrasound technology have en-
hanced prenatal detection of congenital anomalies.

Michael Harrison, a pediatric surgeon in San Fran-
cisco, known as the father of fetal surgery, developed
new surgical techniques for prenatal treatment of se-
vere fetal pathologies. In 1981 he performed an open
vesicostomy, the first in utero surgical operation in a
human (53). Today scientists and clinicians are devel-
oping new surgical treatments for fetal spina bifida,
MMC, CDH and sacrococcygeal teratoma (54) using
both open and closed fetal surgery (the first involves
maternal laparotomy and hysterotomy while the other
can be performed without).

Spina bifida treatment

Spina bifida is a fetal defect that arises during
embryogenesis and is caused by incomplete closure of
the spine and the membranes surrounding the spinal
cord. Spina bifida comes in three types: spina bifida
occulta, MMC and meningocele (55). Depending on
the site of the lesion, affected children show neuro-
logical dysfunctions ranging from incontinence and
paresis to complete paralysis. Spina bifida is one of the
most common causes of juvenile paralysis and has an
estimated prevalence of 3.06 to 3.13 cases per 10,000
live births (55).

Researchers propose a “two-hit” mechanism for
most neurological symptoms associated with spina bi-
fida (56). The first “hit” is initial failure of spinal cord
neurulation and the second concerns the neural ele-
ments damaged by exposure to amniotic fluid metabo-
lites and to mechanical trauma to the spinal cord tis-
sue, exposed for the rest of pregnancy. The ideal treat-
ment option for spina bifida would be prevention of
the first hit. The current treatment option is to repair
the defect surgically in utero, which in turn minimizes
the secondary deficits related to the disease (32). Spina
bifida can be diagnosed prenatally, before any perma-
nent nerve damage has occurred and can be repaired
during gestation (54).

Fetal myelomeningocele treatment

MMC is a common type of spina bifida, a distress-
ing birth defect that affects the central and peripheral
nervous systems. Altered cerebrospinal fluid dynamics
results in hydrocephalus and Chiari II malformation.
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Spinal cord damage causes permanent neurological
deficit of the lower limbs, skeletal deformities, sexual
dysfunction and fetal urinary incontinence (57). In-
utero diagnosis of MMC offers an opportunity to plan
disease management and the possibility of intrauterine
repair of the spinal defect (58). The standard treatment
options include neonatal surgical repair of the defect
and placement of a ventriculoperitoneal valve to drain
hydrocephalus. The first endoscopic in-utero repair of
MMC was performed by Bruner ez a/. in 1997, while
open in-utero repair was reported by Adzick ez al
the following year (59). More than 200 fetuses have
undergone in-utero repair of MMC by open surgery
since 1997 (60).

The preferred moment for MMC repair, in terms
of limiting the extent of neuronal damage to the un-
protected spinal cord, is at 20-25 weeks of pregnancy.
After repair, hindbrain benefits from improved cer-
ebrospinal fluid flow can be expected to minimize hy-
drocephalus and morbidity due to ventriculoperitoneal
shunting. Consequent improvements in sensory and
motor functions make infants more independent and
improve their quality of life, while reducing medical
costs (58).

The results of the unblended multi-center Mye-
lomeningocele Repair Randomized Trial sustain these
findings and show that fetal surgery for MMC before
26 weeks may protect neurological function, reverse
hindbrain herniation, and in many cases even make
postnatal shunt placement unnecessary (61).

Congenital diaphragm hernia treatment

CDH is a rare disorder in which unsuccessful clo-
sure of the diaphragm causes herniation of abdomi-
nal viscera in the thoracic cavity, thus hindering nor-
mal development of the lungs. Pulmonary hypoplasia
at birth causes respiratory insufliciency that leads to
persistent pulmonary hypertension, associated with a
mortality rate of 32% (62). Those who survive these
complications suffer from chronic lung disease, feeding
and growth problems, gastroesophageal reflux, hearing
loss, neurocognitive delay, hernia recurrence and tho-
racic deformations. A recent clinical strategy for the
promotion of lung growth in severe cases is percuta-
neous fetoscopic endoluminal tracheal occlusion (63).

Research results suggest that persistent pulmo-
nary hypertension in cases of CDH is caused by com-
pression of the lungs during development and that in-
utero removal of herniated viscera in the fetal chest
can reverse this condition. A case of left CDH was
observed in the male fetus of a 27-year-old mother.
The fetal hernia was repaired surgically by a proto-
col approved by the institutional review board of the
University of California at San Francisco (64). CDH
can be accurately diagnosed during midgestation and
its severity assessed by fetal MRI, echocardiography
and ultrasound. Recent research in animal models and
humans aims to enhance the development of hypo-
plastic lungs prenatally, before they come into func-
tion at birth. The technique of fetoscopic endoluminal
tracheal occlusion provides an alternative strategy for
stimulating fetal lung growth by preventing normal
drainage of lung fluid (60).

Sacrococcygeal teratoma treatment

Sacrococcygeal teratoma is a common tumor of
the newborn arising from multiple embryonic germ
layers (prevalence 1:35000 live births). A major com-
plication of sacrococcygeal teratoma is dystocia at de-
livery due to the large size of tumor. Emergency Ce-
sarean section is required in 6-13% of cases (65). Since
1983, 20 cases of sacrococcygeal teratoma have been
treated by operations such as intrauterine shunting,
open fetal surgery, percutaneous drainage, thermoco-
agulation, radiofrequency ablation and laser ablation.
Fetal intervention for sacrococcygeal teratoma is pre-
ferred due to a high fetal mortality rate from hydrops
(66). Hydrops fetalis is a sign of imminent fetal death
but resection of the teratoma may reverse the effect of
the tumor and increase fetal survival. In other cases,
fetal surgery was attempted to avoid dystocia, urinary
tract obstruction and interference with cephalic ver-
sion. The inclusion criteria for fetal surgery of sacro-
coccygeal teratoma include placentomegaly or hydrops
with other symptoms (67). Studies have shown that the
fetal resection of teratoma may reverse hydrops fetalis.
However, fetuses with dilated cardiomyopathy and/or
bradycardia do not have much chance of surviving the
operation. The lack of suitable animal models of sac-
rococcygeal teratoma means that these techniques are
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not perfectly reliable and should be used with extreme
attention (68).

EXIT procedures

Ex-utero intrapartum therapy (EXIT) is a modi-
fication of cesarean delivery to allow a near term fetal
intervention before the neonate is delivered. There are
four main types of EXIT procedures (69):

1) EXIT to airway (i.e. congenital high airway
obstruction syndrome, severe micrognathia, lymphatic
malformation, vascular malformation).

2) EXIT to resection (i.e. thoracic, pulmonary, or
mediastinal masses).

3) EXIT to Extracorporeal Membrane Oxygena-
tion (severe congenital heart disease or severe CDH).

4) EXIT to separation (conjoined twins).

Risks of maternal-fetal surgery

The procedural risks of maternal-fetal surgery
for the fetus are evaluated by balancing the benefits
of fetal correction with the effects of an unsuccessful
operation. It is more difficult to evaluate the benefits
and risks for the mother. Maternal complications af-
ter open procedures include anemia, endometritis and
wound infections. Although most fetal defects do not
threaten the mother’s health directly, she has to toler-
ate significant procedural risks. She might decide to
accept those risks for the benefit of the fetus and to
lighten the load of delivering a child with severe de-
formities. Several studies on maternal outcomes have
established that fetal surgery can be performed with-
out increasing maternal mortality (60).

Conclusion

Fetal therapy is emerging as a new branch of
medicine on the wave of advances in prenatal genetic,
ultrasound and MRI diagnosis. Prenatal intervention
may be an alternative to abortion for fetuses with con-
genital defects. In some cases, fetal therapy is proving
effective because it is possible to repair tissues in utero
that cannot be repaired in the postnatal phase. In-ute-
ro drug administration and stem cell therapy are both

giving excellent results. However, unlike interruption
of pregnancy, they are not yet widely available, due to
lack of specialized centers.
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