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ABSTRACT
Since the 1960s, fetal medicine has evolved rapidly. Thanks to advances in technology 
and the training of experts in this branch of medicine, it has become possible to 
make more accurate diagnoses of fetal pathologies. Most of these pathologies can be 
treated postnatally. However, in some cases prenatal intervention is required since 
otherwise the pregnancy may culminate in fetal death or serious sequelae in the 
newborn. Intrathoracic pathologies with mediastinal compression, aortic stenosis, 
lower urinary obstruction, congenital diaphragmatic hernia, myelomeningocele, 
lower urinary obstruction, intrauterine intravascular transfusion, fetus-fetal 
transfusion syndrome and TRAP sequence, among others, are the fetal pathologies 
susceptible to in-utero therapy. The present article refers to the use of intrauterine 
shunts in fetal surgery.
Key words: Fetus, Ascites, Hydrothorax, Hydrops, Pleural effusion, Urethral 
obstruction, Ascites, Shunt, Surgery, fetal

RESUMEN
Desde la década de 1960, la medicina fetal ha evolucionado rápidamente. Gracias 
a los avances de la tecnología y a la formación de expertos en esta rama de la 
medicina, se ha podido realizar diagnósticos más precisos de las patologías fetales. 
La mayoría de estas patologías pueden ser tratadas posnatalmente. Sin embargo, en 
algunos casos se requiere de intervención prenatal pues de lo contrario el embarazo 
puede culminar en muerte fetal o en graves secuelas del recién nacido. Patologías 
intratorácicas con compresión mediastínica, estenosis aórtica, obstrucción urinaria 
inferior, hernia diafragmática congénita, mielomeningocele, obstrucción urinaria 
inferior, transfusión intravascular intrauterina, síndrome de transfusión feto-fetal y 
secuencia TRAP, entre otras, son las patologías fetales susceptibles de terapia en 
útero. El presente artículo se refiere al uso de derivaciones intrauterinas en cirugía 
fetal.
Palabras clave. Feto, Ascitis, Hidrotórax, Hidropesía, Derrame pleural, Obstrucción 
uretral, Ascitis, Derivación, Cirugía fetal
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IntroductIon

Since the 1960s, fetal medicine has evolved rapidly. Thanks to advances 
in technology and the training of experts in this branch of medicine, fe-
tal pathologies can be diagnosed more accurately. In most cases these 
pathologies can be treated postnatally. However, in some cases, pre-
natal intervention is required, otherwise the pregnancy would result in 
fetal death or a newborn with severe sequelae.

In 1961, prior to the revolution in technology and the use of ultrasound, 
invasive procedures were performed with blind percutaneous tech-
niques, such as the first intrauterine transfusion performed by Liley(1) 
or with an open uterus, such as the exchange transfusions performed 
by Adamson in 1966(2).

Although fetal surgery is in development and undergoing much re-
search, there are indications that justify an invasive therapeutic pro-
cedure to avoid fetal loss or a newborn with severe sequelae. Intratho-
racic pathologies with mediastinal compression, aortic stenosis, low 
urinary obstruction, congenital diaphragmatic hernia, myelomeningo-
cele, low urinary tract obstruction, intrauterine intravascular transfu-
sion, fetal-fetal transfusion syndrome and TRAP sequence, among oth-
ers, are the fetal pathologies susceptible to in utero therapy(3).
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Currently there are three main procedures in 
fetal surgery: minimally invasive fetoscopic 
surgery, which involves small incisions, trocar 
placement and surgery through the use of a 
fetoscope; open fetal surgery which consists of 
a hysterotomy to operate directly on the fetus; 
and percutaneous fetal treatment, which con-
sists of placing an introducer or a needle for ei-
ther laser application or placement of shunts.

In the present work a narrative review is made of 
the pathologies that are most frequently treated 
with placement of a fetal shunt in utero via per-
cutaneous route.

Fetal lower urInary tract obstructIon

Fetal lower urinary tract obstruction (LUTO) oc-
curs in 1 out of every 4,000 to 8,000 pregnancies. 
Of these, 10% are associated with chromosomal 
abnormalities such as trisomies 21, 18 and 13. In 
addition, other structural abnormalities, mainly 
cardiac and gastrointestinal, are present in 40% 
of cases. The most frequent cause of LUTO is the 
posterior urethral valves. However, it can also be 
caused by atresia and urethral stricture(4).

Involvement of the posterior urethral valves 
is the most common cause of chronic kidney 
disease in children. The exact mechanism of 
obstruction is not completely understood. It is 
known that embryonic development of the male 
urethra occurs between 9 and 14 weeks of ges-
tation; a persistent obstructing urogenital mem-
brane leads to occlusion of the membranous 
folds within the lumen of the posterior urethra(5).

Diagnosis of this fetal pathology can be made as 
early as the first trimester of gestation by observ-
ing a fetal urinary bladder with a longitudinal di-
ameter ≥ 7 mm (megabladder). In approximately 
90% of cases, if the bladder diameter is 7-15 mm, 
there is spontaneous resolution. When the blad-
der diameter is ≥15 mm, the condition is associat-
ed with progressive obstructive uropathy leading 
to hydronephrosis and renal dysplasia.

Prior to the advent of fetal cystoscopy, which is 
still experimental, placement of a vesicoamni-
otic shunt has been the most common prenatal 
therapy for the management of LUTO. Fetuses 
that are candidates for this therapy are those 

with isolated megabladder, no associated con-
genital anomaly, normal male karyotype, bilater-
al hydronephrosis, oligohydramnios and normal 
fetal uroanalysis (Table 1)(6).

The shunt consists of a 'pigtail' catheter (Rock-
et or Harrison) inserted percutaneously under 
ultrasound guidance through an introducer or 
trocar. In case the fetus is in anhydramnios, am-
nioinfusion is required prior to shunt placement. 
This procedure usually takes only a few minutes 
and is an outpatient surgery. Complications of 
the procedure include translocation or mobiliza-
tion of the catheter or occlusion, necessitating a 
repeat procedure.

A multicenter clinical trial was conducted in the 
United Kingdom called PLUTO (Percutaneous 
vesicoamniotic shunting for fetal Lower Uri-
nary Tract Obstruction). This study compared 
vesicoamniotic shunt placement and expectant 
management. A sample size of 150 cases was 
required for the trial, but only 31 cases were 
enrolled, so the trial was not completed and 
anecdotally it was found that there may have 
been a higher 1-year survival with vesicoamni-
otic shunting. Fetal intervention for obstructive 
uropathy therefore currently lacks strong level 1 
evidence(7).

Fetal pleural eFFusIon

Pleural effusion is an accumulation of fluid in 
the pleural spaces of the fetal chest. The prev-
alence is 1 in 10,000 pregnancies. Severe effu-
sions, whatever the cause, produce mediastinal 
compression, leading to pulmonary hypoplasia, 
hydrops and fetal death(8-10).

Pleural effusion can be primary or secondary. 
Primary effusion refers to chylothorax, which is 

Table 1. RequiRed paRameTeRs in uRoanalysis foR inTRauTeRine 
vesicoamnioTic shunT. modified fRom Wilson Rd & Johnson 
mp (2003).

Indicator Parameter
Sodium = o < 100mEq/L

Chlorine = o < 90mEq/L

Calcium = o < 8mg/dL

Osmolarity = o < 200mosm/dL

Total protein = o < 20mg/L

B2 microglobulin < 6mg/L
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the accumulation of lymphatic fluid in the pleural 
space. Secondary pleural effusion is a collection 
of serous fluid in the pleural cavity and may be re-
lated to congenital malformations, such as heart 
disease, adenomatous cystic pulmonary malfor-
mation, diaphragmatic hernia, bronchopulmona-
ry sequestration, infections or aneuploidy.

Fetuses presenting pleural effusion should be 
submitted to a study protocol. If pleural effusion 
is persistent, thoracentesis is recommended to 
determine if it is a chylothorax, and perform 
fetal karyotyping, microarrays, as well as viral 
studies. Fetuses that are candidates for thora-
coamniotic shunt placement are those without 
significant additional fetal anomalies, rapid ac-
cumulation after initial thoracentesis and fetal 
hydrops or symptomatic/progressive polyhy-
dramnios(11-13).

The natural history of untreated isolated fetal 
pleural effusion has been evaluated by several 
groups. Aubard et al. performed a review of 204 
published cases, finding spontaneous remission 
of pleural effusion in 22% of cases.

In another review, Ruano found that 50% of 
fetuses with isolated effusion and untreated 
hydrops survived. Likewise, 63% of untreated 
fetuses with isolated effusion without hydrops 
survived. Rustico et al. in a review of 54 cases of 
untreated fetal pleural effusion found that 73% 
of fetuses with isolated pleural effusion without 
hydrops survived without treatment, as did 35% 
of fetuses with hydrops. It is important to note 
that these series do not include data regarding 
gestational age at delivery, an important vari-
able that could influence the reported results(14).

Pleural effusion with mediastinal deviation or 
sonographic data of tension is a candidate for 
treatment. The management of these fetuses 
is directly related to gestational age. Before 34 
weeks gestation, fetal therapy should be offered, 
as the postnatal risk of a premature fetus with hy-
drops is high, while the risk of shunt placement is 
relatively low for the fetus. In cases in which the 
fetus is 34 weeks or more, it is recommended to 
induce fetal lung maturity and to perform a fetal 
thoracentesis under ultrasound guidance before 
delivery or at the time of cesarean section, thus 
facilitating neonatal resuscitation(15).

Fetal compressIve ascItes

Fetal ascites is the accumulation of intraperito-
neal fluid that can be associated with different 
causes such as fetal anemia, congenital infec-
tions, heart disease, gastrointestinal malforma-
tions, genitourinary malformations and fetal hy-
drops(16-18).

Isolated fetal ascites is a rare entity, and its di-
agnosis should be differentiated from fetal hy-
drops which can be caused by major congenital 
heart disease, aneuploidy, anomalies of the lym-
phatic system and metabolic alterations, among 
others. Fetal hydrops is characterized -unlike 
isolated ascites- by accumulation of fluid in two 
or more fetal compartments.

The prognosis of fetuses with isolated fetal asci-
tes is directly related to the primary cause, the 
gestational age at diagnosis, the presence of hy-
drops, pulmonary hypoplasia in severe ascites 
and the progression of ascites since these ultra-
sound findings increase the probability of fetal 
death(19).

The study protocol in fetuses with fetal ascites 
consists of requesting irregular antibodies, per-
forming morphologic ultrasound and fetal echo-
cardiography, fetal Doppler with attention to the 
peak systolic velocity of the middle cerebral ar-
tery to rule out fetal anemia, invasive procedure 
to rule out chromosomopathies, microarrays, 
study of metabolopathies and viral panel to rule 
out congenital infections(20).

Regarding the treatment of isolated fetal ascites, 
two options have been reported: paracentesis 
and peritoneo-amniotic shunt placement. 

All fetuses with compressive isolated fetal as-
cites should undergo paracentesis, which can 
be diagnostic and therapeutic, allowing im-
provement of pulmonary function. It prevents 
pulmonary hypoplasia due to compression of 
the diaphragm. In case of ascitic fluid reaccu-
mulation, which can occur rapidly, the abdom-
inal-peritoneal shunt is offered, which avoids 
recurrent paracentesis and therefore reduces 
the risk of premature delivery and other com-
plications associated with recurrent invasive 
procedures(21).
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dIscussIon

Although fetal surgery is a field in development 
and still under investigation, there are fetal in-
dications that justify an invasive therapeutic 
procedure since, if not performed, the natural 
history of the pathology would lead to fetal loss 
or severe postnatal sequelae. Intrathoracic pa-
thologies with mediastinal compression, aortic 
stenosis, congenital diaphragmatic hernia, my-
elomeningocele, lower urinary obstruction, and 
intrauterine intravascular transfusion, feto-fe-
tal transfusion syndrome and TRAP sequence, 
among others, are the fetal pathologies suscep-
tible to in utero therapy(22).

The International Society for Fetal Medicine and 
Surgery, in 1982, proposed criteria or basic re-
quirements to submit a fetus to fetal surgery. 
These criteria are as follows: accurate diagnosis 
with exclusion of associated anomalies, the nat-
ural history of the disease is well documented, 
and the prognosis established, absence of cur-
rent effective postnatal therapy, the in-utero 
procedure has been shown in animal models 
with demonstration of reversal of the deleterious 
effects of the condition, the procedure must be 
performed in multidisciplinary fetal therapy cen-
ters with strict protocols and informed parental 
consent. It is essential to have a multidisciplinary 
team of experts in prenatal diagnosis, surgical 
therapy, postnatal care, pediatric surgeon and a 
team with experience in the operating room, in-
cluding an anesthesiologist and a neonatologist. 
without forgetting the importance that the fam-
ily should have access to psychosocial support 
and a specialist in bioethics(23).

In our experience, regarding the management 
of fetal pathology requiring the placement of 
a shunt, we have faced different challenges, 
among them the difficulty in acquiring the ap-
propriate catheter for fetal surgery, such as the 
Harrison catheter. Under parental consent, the 
double J catheter for neonatal use has been 
used in 2 cases.

cases experIence

Case 1

In the first case we received a fetus at the fetal 
diagnosis and therapy center in which the abdo-
men was found with distention and intestinal 

loops suspended in the abdominal cavity, as well 
as diaphragmatic displacement and thoracic 
compression (Figure 1). The urinary bladder was 
observed with normal characteristics surround-
ed by paravesical arteries; the kidneys appeared 
normal in size and echotexture (Figure 2). Amni-
otic fluid was normal for gestational age. The di-
agnosis of compressive fetal ascites was estab-
lished. Once the study protocol was performed, 
fetal anemia was ruled out by obstetric Doppler, 
maximum systolic peak in normal values for ges-
tational age. 

After counseling, fetal amniocentesis and para-
centesis were performed to study the viral panel 
and microarrays, which were found to be neg-
ative for viral infection and karyotype 46,XY. 
Follow-up was done every two weeks, observ-
ing recurrence of compressive ascites with di-
aphragmatic displacement and compression 

figuRe 2. TRansabdominal ulTRasound image shoWs axial 
secTion aT The level of The feTal abdomen. boTh kidneys have 
noRmal ulTRasound feaTuRes and no evidence of hydRonephRo-
sis. seveRe feTal asciTes WiTh inTesTinal loops suspended in 
asciTic fluid aRe seen.

figuRe 1. TRansabdominal ulTRasound image shoWing mid-sa-
giTTal secTion of The abdomen, ThoRax and feTal head, WiTh 
compRessive asciTes and diaphRagmaTic displacemenT.
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of pulmonary parenchyma. Under informed 
consent of the mother, percutaneous fetal sur-
gery was performed for placement of double J 
catheter (peritoneo-amniotic shunt) (Figure 3). 
The surgical procedure ended without incident 
(Figure 4). 

Post-surgical fetal follow-up at one week showed 
thoracic distention, fetal abdomen with mild as-
cites and functional catheter well placed in the 
fetal abdominal cavity and amniotic cavity (fig-
ure 5). Follow-up was every 4 weeks, finding a fe-
tal growth curve within the normal range. At 37 
weeks, a single live product was obtained by ce-
sarean section due to pelvic presentation, male 
sex, Apgar 6 and 9 at one minute and 5 minutes, 
respectively, weight 2,800 grams. The newborn 
had a raisin abdomen and no evidence of fetal 
pulmonary hypoplasia.

Case 2

A 28-year-old female patient was referred to our 
fetal diagnosis and therapy center with a diag-

nosis of singleton live pregnancy at 17 weeks of 
gestation and unilateral pleural effusion. Mor-
phological ultrasound was performed, finding a 
fetus of 18 weeks of gestation without morpho-
logical alterations. Fetal echocardiography had 
no striking findings and fetal neurosonography 
showed no morphological alterations or echo-
graphic markers of second trimester chromo-
somopathies. Unilateral pleural effusion without 
mediastinal displacement was evidenced (Figure 
6). Counseling was provided and ultrasound fol-
low-up every 2 weeks was decided. 

At 26 weeks of gestation persistent unilateral 
pleural effusion with mediastinal displacement 
was observed, so it was decided to perform tho-
racentesis and placement of thoracoamniotic 
shunt with double J catheter for neonatal use. 
Ultrasound follow-up at 24 hours showed signifi-
cant improvement and a well-placed thoracoam-
niotic shunt (Figure 7). 

figuRe 6. ulTRasound image shoWing axial secTion of The feTal 
ThoRax. unilaTeRal pleuRal effusion WiTh displacemenT of The 
mediasTinum is obseRved.

figuRe 5. axial vieW of The abdomen aT The level of The gasTRic 
chambeR. The evoluTion is obseRved one Week afTeR ThoRacoam-
nioTic shunT placemenT: Well-placed caTheTeR and expansion of 
inTRapeRiToneal oRgans WiTh mild non-compRessive asciTes.

figuRe 4. placemenT of peRiToneo-amnioTic shunT. The image 
shoWs an axial secTion of The feTal abdomen. inTRoducTion of 
The ulTRasound-guided inTRoduceR inTo The feTal peRiToneal 
caviTy is seen.

figuRe 3. shunT placemenT kiT. inTRoduceR, guide and double J 
caTheTeR.
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At 38 weeks of gestation an elective cesarean 
section was performed, obtaining a single live 
product with Apgar 8-9, with no evidence of pul-
monary hypoplasia; the catheter was found in 
the amniotic cavity (figure 8).

conclusIons

With the development of new technology in 
high-definition ultrasound, different fetal pa-
thologies can be detected in a more timely and 
accurate manner and, hand in hand with this 
technological advance, different fetal therapy 
techniques are being developed. 

Percutaneous therapies and especially fetal sur-
gery represent a challenge and a light for a fetal 
disease that has a mortality rate close to 100% 
and that can be reversed with the use of these 
techniques. 

In the not distant future, fetal gene therapy or 
cell therapy will allow the treatment of conditions 
that today are far from the reach of knowledge.

figuRe 8. 3d ReconsTRucTion. sagiTTal image of The feTal Tho-
Rax shoWing caTheTeR enTeRing The inTeRcosTal space.

figuRe 7. TRansabdominal ulTRasound shoWing axial secTion 
of The feTal ThoRax aT The level of The fouR caRdiac chambeRs. 
ThoRacoamnioTic caTheTeR and homogeneous pulmonaRy paRen-
chyma aRe occupying The ThoRacic caviTy.
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