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INTRODUCTION
When reviewing the history of fetal surgery from its early
years, its remarkable achievements strengthen its role in
fetal medicine. In the 1960s, the human fetus was practically unknown and poorly studied.1 Ultrasound technology, from the 1970s onward, made possible most of our
current understanding of fetal pathophysiology through
imaging. Hence, during the past few decades ultrasound
has generated a revolution in obstetrics. The last 40 years
witnessed striking progress in fetal therapy as a result of
the before coming advancements in imaging.2,3
While the standard treatment for most fetal anomalies still remains planned delivery at a tertiary center
with appropriate neonatal therapy, currently, a number
of fetal malformations can be treated with fetal surgery.
A growing subset of anatomical anomalies may benefit
from surgical intervention in the unborn fetus due to the
advances in imaging modalities, instrumentation, and
surgical techniques.
The first fetal surgeries took place in the 1980s and it
was open surgery (maternal laparotomy, followed by hysterotomy with direct exposure of the fetus). However, as
laparoscopic and video-assisted procedures became more
available, open surgery is gradually being replaced by
fetoscopy—a less invasive surgical technique. Fetoscopic
surgery has progressed from a mere concept to an
accepted and viable treatment option.4,5 The main reason
for the growth of fetoscopy is that it avoids maternal
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morbidity associated with a large laparotomy incision
and possibly reduces the incidence of perinatal complications through the prevention of a large hysterotomy.
Although strongly criticized during its early years, in the
recent history of fetal medicine, a few pioneers foresaw
the benefits of minimizing surgical trauma and the associated advantages to the patient, bringing fetoscopy to
our attention.4-6
Despite the minimally invasive nature of fetoscopy,
it is associated with iatrogenic preterm rupture of membranes and preterm labor.2 To move toward the future, we
must overcome these challenges. Incorporating new technologies may help us on this journey. Some prospective
solutions, based on technologies that are already under
development, look promising. Research has revolved
around preventing such complications as amniotic fluid
leakage, preterm premature rupture of membranes and
preterm labor.4-8 Iatrogenic preterm premature rupture of
the membranes (PPROM) is a significant factor contributing to perinatal outcome. Even a small diameter puncture,
due to disruption of the fetal membranes increases the
risk fo PPROM. It has been proposed that the amniotic
fluid leakage is related to the separation of the membranedecidua attachment with independent movement of the
chorion and amnion. Considering this, we may suppose
that the restoration of the integrity of membrane will
require an exogenous matrix to occlude an iatrogenic
defect in the membranes, creating a seal. Initial reports
about an absorbable collagen sponge plug and, more
recently, absorbable gelatin sponge as a membrane sealant
following a fetoscopic procedure may provide an effective and safe means of reducing iatrogenic PPROM and
thus, prolonging pregnancy following intervention.9,10
Nevertheless, the results so far have not proven that a
lower rate of iatrogenic PPROM occurred after the use of
either sealant method. Their use could be associated with
a reduced procedure-to-delivery interval. Approaches to
the closure of fetal membrane defects with liquid sealants
or solid biomaterial scaffolds, self-adhesive ultrathin
polymeric film, and new glues inspired by mussels focusing on prophylactic plugging of fetoscopic access sites
remain under investigation. Further understanding of
scarless healing may prevent not only fluid leakage but
also early labor in fetal-surgery patients.10
Multiple potential therapies have been advocated for
the treatment of PPROM with some success, especially
in cases of post-procedural fetal membrane rupture.
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Promising research seeking to prevent bacterial infection
after PPROM, avoiding preterm delivery, pulmonary
hypoplasia and sepsis is the use of subcutaneously
implanted intrauterine port systems that enable longterm, continuous lavage of amniotic cavity using hypotonic aqueous composition similar to human amniotic
fluid combined with intra-amniotic application of
antibiotic.
Although the use of basic laparoscopic techniques
is the basis of minimally invasive fetal interventions, it
is important to look for ways to avoid the limitations
associated with fetoscopic procedures, such as a lack of
tactile feedback, two-dimensional vision, and the limited
degrees of freedom of the laparoscopic instruments.
Robotic surgery has been available since late 1990s, and
today they have real potential to contribute to the development of fetal surgery.10 Robotic platforms are directed
a surgeon situated a distance from the surgical field,
using a three-dimensional laparoscopic view and special
“chopstick” instruments. The hardware filters the motions
of surgeon's hand and it is thought to provide increased
precision and enhanced dexterity, allowing for multiple
degrees of freedom, similar to the human wrist.10
With newer imaging modalities and developing
technologies, the need for open surgery has decreased.
Advances in videoendoscopic technologies and instruments may complement the use of image-guided in utero
procedures. Further developments of higher-dimensional transducers and image software may expand the
use of ultrasound in invasive obstetric interventions.11
In the 1970s, the development of imaging techniques
leapfrogged the development of fetal medicine; in the
same way, the development of multifunctional radiology and augmented reality may lead us into the future
once again. Radiology may be the field in which we can
expect to see the biggest progress in development as it is
one of the areas in medicine which is fastest growing and
developing. Using multifunctional radiology, a machine
may be able to detect many medical problems and biomarkers. Such use could be an important progression in
both imaging technology and interventional radiology.
There is a new iPad app from Fraunhofer Institute for
Medical Image Computing MEVIS in Germany which
uses augmented reality technology to help surgeons.
While operating surgeons can see through anatomical
structures like blood vessels in the liver without opening
organs and therefore they can perform more precise
excisions.12
In silico clinical trials can also contribute to the
development of fetal therapy. Switching from clinical trials in obstetrics and in fetal medicine, which are
extremely difficult due to to ethical issues, to clinical
trials on tiny microchips used as models of human cells,

organs, or whole physiological systems provides clear
advantages. Using in silicoclinical trials, drugs or components could be tested without limitations and that,
would make clinical trials faster and even more accurate;
(in each case, the conditions and circumstances would be
the same. The organs-on-chips technology can use stem
cells to mimic organs of the body with a series of devices.
There are many experts who believe that this technology
could revolutionize clinical trials and replace animal
testing completely.13
Treating disease in utero, and thereby facilitating the
birth of a healthy infant, has multiple biological advantages
unique to fetal development, which provides a compelling
rationale for performing potentially curative treatments,
such as stem cell transplantation or gene therapy, prior to
birth. To date, in utero blood transfusions containing blood
stem cells extracted from the mother’s bone marrow is
possible and is being used in fetal treatment.14
In the near future, there may also be ways to combine
surgical techniques with stem cell therapy to treat defects
even earlier, which might improve a child’s outcome. If
such a combination approach succeeds, this could be
beneficial for children with spina bifida, for example.
By patching the defect earlier the severity of side effects
may be reduced.15
A significant number of congenital diseases can
benefit from fetal surgery. As early as the 4th century,
Hippocrates stated: “What medicines do not heal, the
lance will….”.16 While the history of fetal surgery demonstrates a magnificent evolution from past decades to
the present, safety of a patient and medical ethics must
be the cornerstone of the future of fetal surgery.
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