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Abstract

Introduction: Abdominal anomalies that appear during intrauterine life are complex due
to many organs that are affected. In cases, the ultrasound appearance is a cystic image
with different content and the differential diagnosis is often difficult. Body —research
methods: the organs affected by abdominal congenital anomalies involve the gastroin-
testinal tract (stomach, duodenum, small bowel or colon, and gall bladder), the kidney
and urinary tract, the peritoneal cavity (ascites), suprarenal glands, and tumors of the
reproductive system (especially the ovaries). In order to identify the affected structures,
it is mandatory to know the normal aspect of the abdominal content at different gesta-
tional ages. The diagnosis may be very difficult, but its accuracy is important, considering
the need of further counseling the couple. In minor conditions, without chromosomal
anomalies or associations, the outcome is usually good, and there are even possibilities
of in utero treatment. In severe conditions, with poor outcome, the couple can choose to
terminate the pregnancy, after counseling is provided. Conclusion: abdominal congenital
anomalies are common findings in ultrasound screenings for anomalies in all the trimes-
ters of pregnancy and their recognition is important for subsequent management.

Keywords: gastrointestinal anomalies, cystic anomalies, congenital anomalies of the
kidney and urinary tract

1. Introduction

The chapter will be structured on four main sections: the normal ultrasonographic appearance of
the fetal abdominal cavity and abdominal wall, the absence of the normal abdominal structures,
abnormal structures present in the abdomen (cysts, tumors, etc.), and abdominal wall anomalies.

Abdominal anomalies that appear during intrauterine life are complex due to the number of
different organs that are affected. In most cases, the ultrasound appearance is of a cysticimage
with different content, and the differential diagnosis is often difficult.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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248 Congenital Anomalies - From the Embryo to the Neonate

2. Congenital anomalies overview

Congenital anomalies of the abdominal contents involve organs of the gastrointestinal tract,
kidneys and urinary tract, suprarenal glands, and genital organs (mainly the ovaries).

Anomalies in the fetal abdomen are diagnosed either by the lack of visualization of normal
structures or evidence of abnormal images during the anomalies screening ultrasound exami-
nation. Therefore, obtaining and documenting standard normal images of the abdomen is of
crucial importance.

This chapter is structured in 4 subsections:

2.1. Normal aspect of the fetal abdomen.

2.2. Anomalies consisting of absent structures.

2.3. Abnormal structures present in the abdomen: cystic or echoic masses.

2.4. Abdominal wall anomalies.

2.1. Normal ultrasound images of the abdomen

At the midtrimester routine ultrasound scan, there are a couple of images that must be obtained
according to ISUOG guidelines [1], images that can rule out most of the abdominal pathologi-
cal conditions.

First step of the examination should be visceral situs assessment, by demonstrating the position
of the stomach, liver veins, abdominal aorta, and superior cava vein as seen in Figures 1 and 2.

The abdominal transverse section at the umbilical vein—portal sinus is the level for abdominal
circumference measurement and a standard image to identify some important structures:

e fetal stomach-an anechoic structure of bean-like form. It can be seen from 9 weeks, but at
14 weeks, the different parts of the stomach can be seen and gastric peristalsis can be detected

Figure 1. Transverse section of the fetal abdomen—the structures that can be seen are: stomach (s), umbilical vein (uv),
liver (1), and suprarenal gland (sr).



Congenital Abdominal Anomalies
http://dx.doi.org/10.5772/intechopen.72170

Figure 2. Sagittal section of the fetal abdomen—the continuity of the anterior abdominal wall is obvious (pa), the cord
insertion (co), stomach (s), urinary bladder (vu), diaphragm (d), and bowel (i).

after 16 weeks of gestation. Nomograms of stomach size have been imagined at different
gestational age [2]. Hyperechoic mass of uncertain origin may be seen inside the stomach
and may disappear at the following examinations without pathological significance [3].

e fetal liver is an hypoechogenic structure that occupies the section on the right of the stomach.

¢ gall bladder is an ovoid, hypoechoic structure on the right and under the intrahepatic part
of the umbilical vein.

¢ the umbilical vein has a caudal trajectory, penetrates the liver and connects with the left portal
vein. Actually, the umbilical vein is the left portal vein, because the right portal vein regresses
at 6-7 weeks.

e the anterior abdominal —skin, subcutaneous cellular tissue, and muscles.

The sagittal section at the abdominal level is essential for assessing the integrity of the anterior
abdominal wall, because the insertion of the umbilical cord and the wall above and below the
insertion can be visualized. Differentiating between the internal structures of the abdomen
can be difficult, because the liver and intestinal loops have similar echogenicity. Between 8
and 10 weeks of gestation, the physiological gut herniation can be visualized by ultrasound,
as a hyperechoic mass at the base of the umbilical cord. Reintegration occurs between 10 and
12 weeks and it is complete at approximately 11 weeks and 5 days.

At a lower transverse section of the abdomen, the kidneys, small bowel, and colon can be seen
as the following:

¢ the kidneys are located on both sides of the spine; their adult similar shape can be rec-
ognized from 12 weeks but the medular/cortical differentiation is obvious starting from
15 weeks of gestation. The fluid filled structure of the calyces is a useful landmark to iden-
tify the kidneys. Corticomedullary differentiation (CMD) is determined according to echo-
genicity of the cortex and the medulla, considering that during the prenatal period, the
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normal renal cortex is as echogenic as the liver or spleen and that the normal renal medulla
is relatively hypoechogenic, which leads to a well-defined CMD [4].

¢ the small bowel is visible as a uniform, echogenic mass that can be differentiated from the
colon by its central layout, aspect, and peristaltic changes, until the third trimester when
its aspect is of round anechoic image with peristalsis (large intestinal loops filled with me-
conium) [5].

* the colon appears as a tubular structure located at the periphery of the abdomen, mean-
while the small intestine is centrally placed. The haustration of the wall serves to differ-
entiate from other anechoic or hypoechoic structures. Meconium production begins at
16 weeks of pregnancy, giving the ultrasound-like appearance of the intestinal wall.

The echogenicity of the colon is established in comparison to other structures such as the liver
or bladder:

¢ grade 0: the abdomen is uniformly homogeneous and the colon cannot be visualized.

¢ grade 1: the colon is hypoechogenic, isoechoic with the stomach and the bladder, haustrations
being present.

* grade 2: the colon’s echogenicity is higher than the bladder, but lower than the liver and occurs
after 29 weeks.

* grade 3: echogenicity is similar to the liver’s and occurs after 34 weeks.

Coronal or sagittal section of the fetal abdomen allows the visualization of the urinary blad-
der. It can be identified starting at 11-12 weeks of gestation as an anechoic mass with a thin
wall, delineated by two umbilical arteries.

2.2. Absence of normal abdominal structures

The most common condition is the nonvisualization of the stomach, kidneys, or urinary
bladder.

Nonvisualization of the gall bladder occurs in rare chromosomal diseases, mucoviscidosis,
and in 20% of the fetuses with biliary atresia [6].

Absent stomach or small stomach can be associated with mechanical or functional absence of
stomach filling:

* absent or reduced fetal swallowing: facial clefts, neuromuscular conditions, infections, SNC
conditions, and fetal hydrops.

* mechanical obstruction or compression: esophageal atresia, diaphragmatic hernia, and thoracic
tumors.

* reduced amniotic fluid production: oligohydramnios of any cause.
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2.2.1. Esophageal atresia

There are five types of esophageal atresia, but the most common one after de Jong is the type
with esophageal stump and trachea-esophageal connection below the interruption. In such
cases, it is important to look after other indirect signs, like polyhydramnios and small for
gestational age. Many of the anomalies are nonisolated [7]. Still, 44% of the anomalies are not
diagnosed during the prenatal period [7].

Esophageal atresia is a condition defined by the lack of continuity between the proximal and the
distal esophagus. The missing portion is the middle one and the main cause is poor blood flow.
The anomaly appears during the 8th week of pregnancy when the primitive intestine fails to
divide forming the trachea anteriorly and esophagus posteriorly. According to de Jong, in 90%
of cases, esotracheal fistulae are associated. There are five types of esophageal atresia consider-
ing the anatomical location of the defect and the existence of the tracheoesophageal fistula [7]:

* type A: without fistula

* type B: proximal fistula

¢ type C: distal fistula (88% of cases)

¢ type D: double fistula, proximal, and distal

* type E: existing fistula without concomitant atresia

The incidence of this anomaly is 1:3500 live born and usually is nonisolated, being associated
with CNS anomalies, VACTERL association, T21, T18, diaphragmatic hernia, and abdominal
wall anomalies. [7]. Twenty percent of cases of the associations are with chromosomal anomalies
(trisomy 13, 18, 21) [8] and cardiac defects may be present in 50% of cases. VACTERL syndrome
is comprised of vertebral defects, ventricular septal defect, anal atresia, esotracheal fistula, renal
anomalies, radial aplasia, and single umbilical artery [9].

Ultrasound diagnosis of esophageal atresia can be missed in pregnancy according to Brandberg
and 44% of the cases cannot be diagnosed.

The prenatal diagnosis of esophageal atresia is difficult due to the absence of specific signs.
The rate of detection varies between 8 and 24% [10, 11], and the lack of detection is due in 85%
of cases to the tracheoesophageal fistulae association.

Prenatal esophageal atresia must be suspected if polyhydramnios is present after the 25th week
of gestation and if the gastric pouch is absent. Sometimes, gastric secretions are sufficient to
distend the gastric pouch, and make the diagnosis more difficult; if an esotracheal fistula is pres-
ent, the gastric pouch may appear normal. Sometimes, the distal dilated portion of the esopha-
gus may be observed as a hypoechoic area in the mediastinum, behind the heart (blind pouch
aspect). Although the sign has a great diagnostic value, it is rarely present before 25 weeks of
gestation [8, 12, 13]. The detection rate is improved if an antenatal MRI is performed.

The differential ultrasound diagnosis can be made with other conditions with absent stom-
ach, the most frequent are:
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e facial cleft;
¢ congenital diaphragmatic hernia;
e neuromuscular conditions [9].

The risk of association with other anomalies, chromosomal and nonchromosomal, is high ris-
ing to 30-40% of cases: trisomy 21 and 18, VACTERL association. Perinatal approach implies
karyotype analysis when the diagnosis is made. The birth should take place in a tertiary cen-
ter with a neonatal intensive department considering the high risk of fetal hypotrophy (40%
of cases) and prematurity (due to polyhydramnios). Surgical reconstruction of the esophagus
is possible. The prognosis depends on the association with other congenital anomalies and on
the gestational age at birth. After 32 weeks of gestation, if the prenatal diagnosis is achieved,
reflux and aspiration pneumonia can be prevented and the survival rates are over 95%. Long
time prognosis is affected by the high rate of postoperative complications [9]. The postopera-
tive mortality is approximately 9%, with a intrauterine fetal mortality of 22%. Retrospective
studies have shown a neonatal mortality of 75%.

2.2.2. Absence of the kidney in the renal fossa

It can be caused by renal agenesis or ectopic kidney. True isolated renal agenesis is confirmed
by the absence of renal artery and is associated with oligoamnios if it is bilateral. Unilateral
renal agenesis can be isolated but association as VACTERL is common [14]. Failing to visualize
the urinary bladder can be caused more frequently by bilateral renal agenesis or exstrophy.

2.2.3. Renal agenesis

It is defined as bilateral absence of kidneys with an incidence variable from 1 to 3/10000 births
and it is more frequent in male fetuses—Figures 3 and 4. Renal agenesis can be sporadic
(due to teratogens or diabetes mellitus), isolated, or part of syndrome association, the most
frequent found being:

Figure 3. Renal agenesis—transverse abdominal section —no renal structure on the right side.
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Figure 4. Unilateral renal agenesis—coronal section depicting only one renal artery.

Cat’s eye syndrome, characterized by iris coloboma, anal atresia, preauricular tags, and renal
anomalies.

4p-Syndrome is characterized by multiple heterotopies of cells (in adrenals, brain, pancreas,
and skin), renal agenesis, cardiac, facial, and genital anomalies.

Fraser syndrome with: cryptophthalmos, syndactyly, auditory canal atresia, cleft palate,
renal agenesis, and genital anomalies.

a very severe syndrome: cerebro-oculo-facio-skeletal syndrome, characterized by: micro-
cephaly, microphthalmia, narrow palpebral fissures, high nasal bridge, large ears, micro-
gnathia, kyphosis, scoliosis, flexion contraction of the extremities, and rocker-bottom foot.

in some cases, Millerian duct anomalies can be associated.

Oligohydramnios is a constant finding in bilateral renal agenesis, and it can be seen from
14 weeks of gestation. “Potter syndrome” associates the following abnormalities:

pulmonary hypoplasia.

typical face—low set ears, epicanthus, parrot-beak nose, and receding chin.

abnormal position of the hand and foot and bowed legs, clubbed feet, hip dislocation.
intrauterine growth retardation.

absence of urinary bladder visualization.

Ultrasound diagnosis of bilateral renal agenesis is based on three main elements:

oligohydramnios.

bilateral absence of the fetal kidney (sometimes the adrenal glands can be confused with
the kidneys therefore the visualization of the normal cortical and medular structures is
useful for exclusion).

absence of the urinary bladder. If the urinary bladder is present the bilateral adrenal agenesis
is excluded.
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The differential diagnosis should include other anomalies of the kidney, associated with oli-
gohydramnios as polycystic kidney disease, multicystic kidneys, etc.

When bilateral renal agenesis is suspected, a detailed examination of the fetal anatomy should
be performed considering the high risk of other anomalies association [15]:

¢ Cardiovascular malformations (14%): tetralogy of Falloch, ventricular septal defect, atrial
septal defect, hypoplastic left ventricle, coarctation of the aorta, dextrocardia, single ventri-
cle, transposition of the great vessels, total anomalous pulmonary venous drainage, tricuspid
atresia, and hypoplastic aorta.

* Musculoskeletal malformations (40%): absent radius and fibula, digital anomalies, lumbar
hemivertebrae, cleft palate, sacral agenesis, and diaphragmatic hernia.

* Central nervous system malformations (11%) include hydrocephaly, microcephaly, menin-
gocele, cephaloceles, holoprosencephaly, and iniencephaly.

¢ Gastrointestinal malformations (19%): duodenal atresia, imperforate anus, esotracheal fis-
tula, intestinal malrotations, absent stomach or gallbladder, and omphalocele.

¢ Single umbilical artery.

The prognosis is usually lethal due to the association of pulmonary hypoplasia and growth
retardation, the fetuses die in utero or in the first days of life.

2.2.4. Bladder exstrophy

Bladder exstrophy as well as cloacal exstrophy arise from the abnormal growth of the caudal
fold, resulting in a anterior abdominal wall defect. The absence of the anterior abdominal wall
and the anterior bladder wall will expose the posterior bladder wall to the amniotic fluid. Small
defects result in epispadias, but a larger one might expose the posterior bladder wall. The inci-
dence of bladder exstrophy is 1:30,000 births, with male fetuses being more affected [16]. These
anomalies are frequently sporadic, although familial transmissions have been reported [16].

Positive and differential ultrasonographic diagnosis of bladder exstrophy should be suspected
whenever the bladder cannot be visualized, even though the amniotic fluid volume is normal
(the cycle of the bladder filling is 15 min) —Figure 5. Others ultrasound signs useful are:

¢ asolid hyperechoic mass that comes in close contact with the umbilical arteries.
* the absence of the bladder within the fetal pelvis.

¢ normal volume of the amniotic fluid.

* genital ambiguity (duplication and division of the penis).

Bladder exstrophy must be differentiated from gastroschisis and omphalocele. In those condi-
tions, despite the abdominal wall defects, the bladder is still present within the fetal pelvis [17].
The risk of association with chromosomal and nonchromosomal syndromes is low. Perinatal
counseling depends on the association with other anomalies. If the prenatal diagnosis of blad-
der exstrophy is made, therapeutic abortion must be offered as an option.
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Figure 5. Bladder exstrophy —no urinary bladder can be seen.

The prognosis depends on the grade of urinary incontinence and the associated genital anom-
alies [17] with a survival rate of 80% in the cases where surgery interventions are needed to
reconstruct the bladder wall and the genitalia. Although, it has been suggested that in the case
of genital ambiguity, the sex should be deemed female, later follow-up has shown that the
patients, male or female, can lead a normal life with a normal IQ and in some cases, corrective
and fertility surgery can improve the quality of life.

2.3. Abnormal structures present in the abdomen: cystic or hypoechoic masses

The presence of cystic lesions in the fetal abdomen can have many underlying conditions. The
diagnosis can be made upon their appearance: unique or multiple, the situs of the abnormal
structure, and its relations with the abdominal viscera, the aspect of the wall and content. In
most cases, the correct prenatal diagnosis of these structures is difficult to make and their origin
can be determined only after birth.

Single cystic masses can be:

* megacystis,

¢ ovarian cysts,

¢ intestinal cysts (mesenteric or duplication intestinal cysts),
¢ choledocal cysts,

* hepatic cysts,

¢ kidney solitary cyst.

Multiple cystic lesions can be more frequent:

¢ double bubble image in duodenal atresia,

e bowel dilatations in obstruction conditions,

e multiple intestinal cysts,
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e bowel volvulus,

* polycystic kidney,

* hydronephrosis,

¢ dilated megaureter in uretero-pelvic junction obstruction,

Other complex aspects involving hypo and hyperechoic structures can be found in:
e ascites,

® meconium peritonitis,

e liver calcification.

The differential diagnosis of the cystic abdominal proliferations includes:
* mesenteric cysts,

¢ omental cysts,

* choledochal cysts,

* renal cysts,

* intestinal obstruction,

* intestinal duplication,

* meconium peritonitis-related cysts,

* anterior meningomyelocele,

® ovarian cysts,

* hydrometrocolpos,

* megacystis,

¢ the persistence of the cloaca.

2.3.1. Duodenal atresia

It is defined as the obstruction of the bowel produced by a degenerated middle segment of the
duodenum. It can be also extrinsic due to a malformed annular pancreas or fibrous peritoneal
bands that cause compression. The most frequent affected segments are the 2nd and the 3rd
segment of the duodenum. With an incidence is 1:10,000 births, it is the second main cause of
small bowel obstruction [18].

The diagnosis is suspected in the presence of polyhydramnios and it is based on the “double
bubble” sign (Figure 6) formed by the stomach and the proximal part of the duodenum, both
appearing dilated. This sign may be present from 19 weeks, but usually it is seen in the sec-
ond part of the pregnancy or even later due to the fetal capacity of swallowing small amounts
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Figure 6. Duodenal atresia—double bubble sign.

of liquid and delaying the dilatation of the intestine. Sometimes, the only consistent sign at
repeated scans is a dilated stomach. Differential ultrasonographic diagnosis should be made
with other cystic structures present in the upper or inferior abdomen:

e persistent right umbilical vein or varicose veins pertaining to the umbilical vein.
¢ choledocal cyst.

* hepatic cyst.

¢ intestinal duplication cyst.

® ovarian cysts.

¢ kidney cyst or multicystic dysplastic kidney.

* mesenteric cysts.

¢ urachal cyst.

* ureterocele.

¢ pyelectasis.

Duodenal atresia has a high risk (62%) of association with chromosomal anomalies and asso-
ciated anomalies mainly with Down syndrome. Duodenal atresia is a sporadic anomaly, but
it has been demonstrated that it can be transmitted in an autosomal recessive manner. Almost
half of the fetuses with duodenal atresia manifest other anomalies: skeletal defects (vertebral
and rib abnormalities, sacral agenesis, esotracheal fistula, intestinal malrotation, Meckel’s
diverticulum, and anorectal atresia), renal and cardiac defects. Because of the close vicinity
with the Vater Ampulla, in 1% of cases biliary duct anomalies are present. Gall bladder atresia
is impossible to diagnose before birth, but it can be suspected, if duodenal atresia is present
and the gall bladder cannot be visualized [18].
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The prognosis of isolated duodenal atresia is favorable, the rate of survival after corrective sur-
gery is over 95%. The incidence of early postoperative mortality is between 3 and 5%, and the
long term postoperative mortality rate is 6%. Considering the high risk of chromosomal anom-
alies association, the karyotype analysis is mandatory whenever duodenal atresia diagnosis
is made prenatally, and also a careful examination of the fetus anatomy. Polyhydramnios can
cause preterm birth and although vaginal delivery is allowed, it must take place in a tertiary
unit to assure proper care for the neonate.

2.3.2. Intestinal obstruction

Intestinal obstruction is defined by the total or partial intestinal obstruction, which can occur
in an intrinsic or extrinsic manner. The intrinsic lesions are caused by intestine stenosis or
atresia. In the case of atresia, the two intestinal segments can be completely separated or tied
by a fibrous band. In the case of intestinal stenosis, the two segments can be separated by a
septum or a central diaphragm or the intestinal lumen is very narrow. “Apple-peel” atresia
is characterized by the absence of an important intestinal segment that can include the distal
duodenum, the entire jejunum, or the proximal ileum —Figure 7. Conditions that can produce
extrinsic obstruction are most frequently represented by:

e intestinal malrotations with volvulus,
¢ peritoneal adherences,

e meconium ileus.

¢ Hirschsprung’s disease.

The intestinal areas affected in the order of frequency are: the distal ileum (35%), the proxi-
mal jejunum (30%), distal jejunum (20%), proximal ileum (15%), or it can be multicentric in
approximately 5% of cases. Anorectal atresia results from an abnormal cloacal division in
the 9 weeks of gestation [5]. The incidence of intestinal obstruction is 1:2000 births. In half
of the cases, obstruction of the small intestine is present, and the other half is made up by
anorectal atresia.

Figure 7. Duodenal stenosis—in utero image.
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Intestinal obstruction is usually sporadic, but it can have a genetic transmission when the affected
areas are multiple. Anorectal atresia is associated in 80% of cases with vertebral defects, genito-
urinary, cardiac and other gastrointestinal abnormalities. The association with chromosomal or
other anomalies is rare.

Ultrasound diagnosis is usually possible beyond 25 weeks of gestation, due to the slowly dila-
tion progression. The size of the intestinal lumen does not exceed 2-7 mm. The jejunum and
ileum obstructions aspect is of dilations of the intestinal loops with active peristalsis. The fetal
abdomen is fully distended and the majority of cases also present polyhydramnios, especially
in the case of proximal obstructions. Similar images of the fetal abdomen can be found in
Hirschsprung’s disease. Transitory ascites or meconium peritonitis can appear when intesti-
nal perforations occur [5]. When intestinal obstruction is diagnosed, the work-up to exclude
other intestinal tract anomalies, ovarian cysts, mesenteric cysts, or intestinal duplication cysts
is mandatory. Anorectal atresia is difficult to diagnose prenatally due to the great distension
of the proximal bowel and the normal amount of amniotic fluid. Occasionally, calcification of
the fetal meconium may be present within the fetal pelvis.

The prognosis depends on the type and location of the obstructed site and on the association
of other anomalies. Considering that polyhydramnios that can occur, preterm births are com-
mon and the birth should take place in a tertiary unit. After birth, the affected babies develop
emesis and abdominal distention, and can require immediate surgery repair. For isolated
obstructions, requiring small resections of the intestine, the survival rates are over 95%. The
resection of a large intestinal segment can lead to a lethal syndrome —short gut syndrome.

2.3.3. Hirschsprung’s disease

Itis caused by the congenital absence of intramural parasympathetic ganglia of the colon. The defi-
ciency is caused by the lack in neuroblast migration from the neural crest, which occurs between
the 6th and the 12th week of development. Also, the degeneration of the already migrated neu-
roblasts, which can occur before or after birth, may be involved. The incidence is approximately
1:3000 births. This disease is usually sporadic, but in 5% of cases there is a familial transmission.
In a small number of cases, Hirschsprung’s disease is associated with Down syndrome.

Ultrasound diagnosis can be suspected in the presence of the dilatation of the intestinal lumen
produced by abnormal peristaltic movements. At the ultrasound scan, images are similar to those
found in anorectal atresia, in which the colon is also affected. Similarly, when the small intestine
loops are affected, the images are of an obstruction with dilated intestinal loops and polyhy-
dramnios. The prognosis depends on the postnatal postoperative evolution, which aims to resect
the affected intestinal segment, and can include a temporary colostoma with a neonatal mortality
rate of 20%. Considering the prematurity risk due to associated polyhydramnios and the need for
postnatal surgery, the birth must take place in a tertiary unit, but cesarean birth is not mandatory.

2.3.4. Choledochal cysts

They are defined as cystic dilatations of the common bile duct; they are rare and are usually
of unknown etiology. The diagnosis is made in the presence of a transonic image located in
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the upper right abdominal quadrant. The differential diagnosis includes intestinal duplica-
tion cysts, hepatic cysts, situs inversus, and duodenal atresia. The absence of polyhydram-
nios and the presence of intestinal peristalsis are useful for excluding intestinal obstruction.
Common complications that intervene after birth are: biliary cirrhosis, hypertension, lithiasis,
and rarely —adenocarcinoma. The complications can be prevented by early postnatal diagnosis
and surgical resection. Surgical mortality rate is about 10% [19].

2.3.5. Mesenteric and omentum cysts

They are usually an accumulation of lymphatic fluid produced by lymphatic hamartomas or
blockage of the lymphatic drainage. Ultrasound diagnosis can be suspected in the presence
of a hypoechoic lesion located usually on the midline. The cysts can vary in size, their content
can be unilocular or multilocular, or filled with echoic masses with solid content caused by
secondary hemorrhage. The cysts can be filled with serous, hemorrhagic, or chylous fluid.

The prognosis of the cyst depends on the possible complications: intestinal obstruction, tor-
sion, and hemorrhage. Malignant transformation of the cysts is rare. Prenatally, the cysts require
drainage by puncture, only when they are of important size and can cause compression and sec-
ondary hydrops. After birth, the management is surgical but a complete resection of the cysts is
difficult because of the close vicinity with large vessels and because of the 20% rate of recurrence.

2.3.6. Hepatic cysts

Hepatic cysts are a rare finding in the prenatal life. Usually, they are located in the right
hepatic lobe and can produce obstruction of the intrahepatic biliary system. Their ultrasound
aspect is of a unilocular anechoic round structure. Even after birth, they are asymptomatic and
complications like infections and hemorrhage rarely occur. In approximately 30% of cases,
hepatic cysts are associated with polycystic renal disease [19].

2.3.7. Duplication intestinal cysts

Duplication intestinal cysts are rare but located throughout the entire gastrointestinal tract.
They appear in the form of tubular-like structures of variable sizes, and can occur singularly
or associated with renal malformations, adenomatous cystic lung malformations, and lung
sequestration. The thickening of the cystic wall and the peristaltic movements make the diag-
nostic process easier. The surgical excision of the cysts is the only therapeutic choice.

2.3.8. Ovarian cysts

Ovarian cysts are the most frequent fetal tumors and they are a relatively frequent finding dur-
ing fetal autopsy (approximately 1/3 of fetuses). The cysts are usually asymptomatic and small.
Ovarian fetal cysts are hormone-dependent (influenced by the human chorionic gonadotropin
hormone, estrogens, and placenta hormones) and appear after 25 weeks of gestation [20].

Ovarian cysts (Figure 8) appear as anechoic round images located laterally to the urinary
bladder. They are unilateral and unilocular and appear most frequently in isoimmunization-
affected fetuses or those coming from pregnancies associated with diabetes, probably due to
placental hyperplasia.



Congenital Abdominal Anomalies
http://dx.doi.org/10.5772/intechopen.72170

Figure 8. Duodenal stenosis—same case after birth.

The clear majority of the ovarian cysts is benign and resolves spontaneously after birth. The
differential diagnosis has to be made with hydrocolpos, a condition that manifests itself as a
hypoechoic or hyperechoic pelvic mass in a female fetus [20]. The prognosis is usually good
but complications may appear like: torsion of the cysts, ascites, intracystic hemorrhage, rup-
ture of the cysts, or cyst infarction. In such cases, the inner aspect of the cyst can change and
speckles or hyperechoic structures inside the cyst can appear. When the cysts are large, intes-
tinal compression could induce polyhydramnios. In such cases, cyst puncture and amnio-
drainage should be considered. There is no need for cesarean section, but when the risk of
premature birth is high due to polyhydramnios, birth should take place in a tertiary unit.

2.3.9. Congenital hydronephrosis

It is defined by a dilatation of the renal pelvis and calyceal system that exceeds the normal
size according to the age of gestation (anteroposterior diameter of the renal pelvis over 4 mm
at 20 weeks and over 7 mm at 32 weeks)—Figures 9 and 10. The most frequent cause is the
ureteropelvic junction obstruction. When dilatation of the ureter occurs, the obstruction is
lower usually at the vesicoureteral junction [21]. It is more common in males than in females,
with a sex ratio of 5:1. Ureteropelvic junction obstruction is usually sporadic, but can also
be inherited.

Anatomic causes that produce ureteropelvic junction obstruction are: fibrous adhesions, bands,
kinks, ureteral valves, aberrant lower pole vessels, abnormal ureteral insertion, and unusual
shapes of the pyeloureteral outlet. They can be associated with urinary anomalies and extrau-
rinary anomalies: vesicoureteral reflux, bilateral ureteral duplication, bilateral obstructed
megaureter, contralateral nonfunctioning kidney, contralateral renal agenesis, Hirschsprung’s
disease, cardiovascular abnormalities, neural tube defects, sagittal synostosis, mandibular
hypoplasia, esophageal atresia and distal fistula, imperforate anus, syndactyly, congenital hip
dislocation, and adrenogenital syndrome.
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Figure 9. Intestinal obstruction—small bowel dilatations above the obstruction level.

Ultrasound diagnosis is based on the evidence of the dilated renal pelvis and on the mea-
surement of the anteroposterior diameter of the dilatation on transverse abdominal section.
Former criteria of hydronephrosis dilatation included also the ratio between the maximum
transverse pelvic diameter and the renal diameter at the same level with ratios above 50%
being the cut-off for hydronephrosis. Most UP] obstructions are unilateral and bladder
should fill normally. In case of severe oligohydramnios, association of unilateral hydrone-
phrosis contralateral renal agenesis or dysplasia should be suspected. Differential diagnosis
includes multicystic dysplastic kidneys, polycystic kidneys, and other condition associated
with anechoic abdominal masses [22].

The prognosis of ureteropelvic obstruction is generally good, but requires serial ultrasound
scans to evaluate the progress of the dilatation. In most cases, the surgery is not needed, but
the postsurgery mortality is absent [23].

Concerning the prenatal management, there is no need for premature intervention and vagi-
nal birth is preferred (Figures 11 and 12).

Figure 10. Ovarian cyst—two anechoic round structures in the fetal pelvis with no Doppler signal.
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2.3.10. Multicystic kidney disease

It is a congenital disorder characterized by cystic lesions that correspond primarily to dilated
collecting tubules. The disease can be bilateral, unilateral, or segmental and it is known also as
Potter’s type II syndrome, cystic kidney disease, and multicystic dysplastic kidneys.

It can be isolated or associated with urinary or extraurinary disorders such as: malrotations,
ureteropelvic junction obstruction, horseshoe kidney, cardiovascular malformations, CNS
abnormalities (anencephaly, hydrocephalus, iniencephaly, spina bifida, occipital meningo-
cele), diaphragmatic hernia, cleft palate, microphthalmia, duodenal stenosis and imperforate
anus, esotracheal fistula, and bilateral absence of radius and thumb. Association with liver
cysts or pancreatic cysts is not characteristic for Potter II syndrome [24].

Ultrasound diagnosis of multicystic kidneys (Figure 11) is made in the presence of an enlarged
unilateral or bilateral kidney with multiple round anechoic structures peripheral located and
variable in size. In some cases, the kidneys can be small but the renal sinus cannot be identi-
fied. Oligohydramnios is a common association, but in some cases, when the lesion is unilat-
eral or the obstruction is incomplete, amniotic fluid may have normal volume.

Differential diagnosis includes infantile polycystic kidney disease, single cyst, ureteropelvic
junction obstruction, Wilms tumor and hamartoma that has undergone necrosis, but can be
difficult to diagnose prenatally.

The prognosis of bilateral disease is poor and termination of pregnancy can be offered.
Unilateral isolated disease prognosis can be favorable, but delivery should take place in a
tertiary unit (Figures 13 and 14).

2.3.11. Autosomal dominant polycystic kidney disease (ADPKD)

Adult polycystic kidney disease (APKD) is an autosomal dominant condition characterized by the
presence of multiple cysts of variable size in the renal parenchyma. The cysts can replace the paren-
chyma and are produced by the dilatation of the collecting tubules and other tubular segments
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Figure 11. Hydronephrosis —significant dilatation of the renal pelvis and reduced thickens of the renal functional tissue.

263



264 Congenital Anomalies - From the Embryo to the Neonate

Figure 12. Ureteral dilatation consecutive to uretro-vesical obstruction.

of the nephrons. Potter’s type III polycystic is one of the entities responsible for ADPKD in which
cysts of variable sizes (some up to several centimeters) coexists with normal renal structure. Being
an autosomal dominant disease, the risk of transmission to the off springs of the altered gene on
chromosome 16 is 1/2 pregnancies. APKD is one of the most common genetic disorders and the
third most prevalent cause of chronic renal failure [25]. Epigenetic factors and penetrance of the
gene determine the variability in symptoms, the disease manifesting late in the fourth decade.
Intrauterine manifestation of the disease is not uncommon [26]. APKD is associated with cysts
affecting other organs: liver, pancreas, spleen, lungs, testes, ovaries, and epididymis.

Prenatal diagnosis is difficult and often late due to the nonspecific appearance of the kidneys;
only a few of these diagnoses can be recognized in the prenatal period, by family history,
amniotic fluid volume, associated abnormalities, and genetic testing [4].

Ultrasound diagnosis of the APKD can be suspected in the presence of moderately enlarged
hyperechogenic kidneys, with increased corticomedullary differentiation (CMD), in associa-
tion with a normal amount of amniotic fluid. The diagnosis is usually late and should prompt
investigation of both parents.

Figure 13. Multicystic kidney —multiple anechoic round structures occupying the whole renal aria with no remaining
normal renal structure.



Congenital Abdominal Anomalies
http://dx.doi.org/10.5772/intechopen.72170

Figure 14. Giant kidney cyst.

The prognosis depends on other associated anomalies. The parents must be informed that the
immediate outcome can be good, but the natural history of the disease includes the following:
from completely asymptomatic to lower abdominal pain, renal enlargement, renal insufficiency,
uremia and hypertension, with a mean age of onset of symptoms in the fourth decade of life.

Obstetrical management is based on the gestational age at diagnosis; in the first trimester,
pregnancy termination can be offered. Family members should undergo ultrasound examina-
tion as well. The fetus must be thoroughly scanned to exclude other anomalies. Otherwise, the
obstetrical attitude is not altered and vaginal birth is the first choice (Figure 15).

2.3.12. Infantile polycystic kidney disease

Infantile polycystic kidney disease (IPKD) is an autosomal recessive disorder characterized by
bilateral and symmetrical enlargement of the kidneys. The disease is known also as polycystic
kidney disease type I, infantile polycystic disease of the liver and kidney. Unlike the adult
polycystic kidney disease, there is no renal parenchyma, only dilated collecting tubules [27].
As a recessive autosomal inherited condition, the risk of transmission is 25%. The disease is
always bilateral. Other anomalies that can be associated: liver cysts, biliary duct hyperplasia,
and dilatation of the biliary tree and portal hypertension.

Figure 15. Autosomal polycystic kidney disease.
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Ultrasound diagnosis is based on three elements:

¢ bilaterally enlarged kidneys of typical hyperechogenic texture.
¢ oligohydramnios.

* absent fetal bladder.

The disease can be diagnosed late in pregnancy or may progress gradually during pregnancy;
therefore, repeated scans are mandatory.

The prognosis depends on the clinical variety of IPKD, which can vary from mild to severe
with intrauterine death. After birth, the most important complications are respiratory, as a
consequence of the pulmonary hypoplasia. Death later in life is the result of renal failure.

The management depends on the diagnosis age; if the diagnosis is made before viability, termi-
nation of pregnancy should be offered to the parents. Also in cases with severe oligohydram-
nios and absent bladder, the termination of pregnancy can be offered even in the third trimester.

2.3.13. Megacystis

It represents an enlarged urinary bladder usually due to a bladder outlet obstruction [lower
urinary tract obstruction (LUTO)], which may appear also in nonobstructive conditions
(megacystis-microcolon-intestinal hypoperistalsis syndrome). It can be detected from the first
trimester scan in about 1 in 1500 pregnancies [28].

Prognosis, management, prediction of resolution, and postnatal outcome depend on the subse-
quent cause. Fetal lower urinary tract obstruction (LUTO) has an incidence of 2.2/10000 births
and it is usually diagnosed during the late first or early second trimester of pregnancy [28, 29].
The most common condition in the LUTO spectrum includes urethral valves, urethral atresia,
and urethral stenosis.

2.3.14. Posterior urethral valves

It is a condition that causes lower urinary tract obstruction due to a membrane-like structure
in the posterior urethra of male fetuses. The disease is usually sporadic, and has a heteroge-
neous embryologic origin. Young type I syndrome valves seem to result from an exaggerated
development of the urethrovaginal folds with an abnormal insertion of the distal end of the
Wollffian ducts. Other valves, like in Young type III, develop because of abnormal canalization
of the urogenital membrane [30]. Distention of the bladder (megacystis) leads to vesicoure-
teral reflux and hydronephrosis and can cause renal dysplasia [30].

Posterior urethral valves can be associated with other anomalies of the urinary tract (sequence)
megacystis, megaureter, hydronephrosis, paraureteral diverticula, and dilatation of proximal
urethra, cryptorchidism, and hypospadias. There are also extraurinary anomalies that can be
associated: tracheal hypoplasia, patent ductus arteriosus, total anomalous pulmonary vein
drainage, mitral stenosis, scoliosis, skeletal anomalies in lower extremities, and imperforate
anus. The most frequent chromosomal abnormalities that can be associated are: trisomies 18
and 13, del 2q, and 69 XXY.
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Ultrasound diagnosis can be made in the presence of megacystis, hydroureter, and hydro-
nephrosis in a male infant. In female fetus, lower urinary tract obstruction includes agenesis
of the urethra, megacystis-microcolon-intestinal hypoperistalsis syndrome, and variants of
the caudal regression syndrome. When the rupture of the megacystis intervenes, urine can
extravasate into the peritoneal cavity. Oligohydramnios can also occur.

The differential diagnosis is difficult in prenatal life, and includes ureteropelvic junction
obstruction, ureterovesical junction obstruction, primary megaureter, and massive vesicoure-
teral reflux, absence of the urethra or detrusor hypertrophy.

Prognosis depends on the renal reserve, which can be difficult to assess prenatally. Another fac-
tor that can influence the outcome is the timing of the occurrence of urinary obstruction, and
this is a critical factor: the earlier its appearance-the worse the prognosis. Complications include:
pneumomediastinum and pneumothorax, related to pulmonary hypoplasia, associated congeni-
tal anomalies, renal failure, and surgical complications after decompressive surgery. Termination
of pregnancy can be offered if the prognosis is poor and if other anomalies are associated. In utero
vesicoamniotic shunts are possible, but the results at 2 years of life are not very encouraging [31].

2.3.15. Meconium peritonitis

Intestinal perforation in fetuses during pregnancy can lead to a sterile, chemical, and local-
ized type of peritonitis. At the site of the perforation, a reactive process of calcification and
fibrosis occurs in order to stop the progression. The etiology is in over 50% of cases due to
intestinal stenosis, atresia, or meconium ileus. Other cited situations are volvulus or Meckel’s
diverticulitis. Meconium ileus is associated with cystic fibrosis and results from the blockage
of the distal ileum with compacted meconium. The incidence is 1:3000 births.

The diagnosis is suggested by the dilatation of the intestinal loops or the presence of hyper-
echoic areas situated in the abdomen of the fetus. Over 80% of the fetuses that developed
meconium peritonitis also have intra-abdominal calcifications. Ascites is an important sign of
intestinal peritonitis. Other ultrasonographic signs suggesting meconium peritonitis include:
polyhydramnios, meconial pseudocysts, thickening of the abdominal wall or pleural effusions.

The differential diagnosis of hyperechoic abdominal masses include: intra-amniotic hemor-
rhage, early ascites, fetal hypoxia, meconium peritonitis, and cystic fibrosis.

Meconium ileus and hyperechoic images of the intestinal loops at 16-18 weeks of gestation can
be present in over 75% of cystic fibrosis affected fetuses. The incidence of cystic fibrosis in fetuses
diagnosed before birth with intestinal obstruction is approximately 10%, consequently when other
causes of intestinal blockage have been excluded, a genetic cystic fibrosis test is recommended.

The prognosis is poor in this case; approximately, 50% of fetuses suffering from meconium
peritonitis pass away in the neonatal period.

2.3.16. Liver calcifications

Most of them are idiopathic, but can be associated with congenital infections and chromo-
somal anomalies. The incidence rate is 1:2000 fetuses, especially in the 3rd trimester. The

267



268 Congenital Anomalies - From the Embryo to the Neonate

ultrasonographic image is of hyperechoic nodules situated in the liver parenchyma or liver
capsule. The diagnosis is easy in the presence of solitary or multiple hyperechoic images (size
between 1 and 2 mm) situated in the liver parenchyma or capsule. The prognosis depends on
the association with infections or chromosomal anomalies. Isolated calcifications do not have
pathological significance.

2.4. Abdominal wall anomalies

The evaluation is the integrity of the abdominal wall is part of routine midtrimester scan,
although it can be performed starting with the first trimester examination. Conditions as:
oligoamnios, placenta, or uterine wall proximity, excessive movement of the fetus can
obstruct the proper visualization of the abdominal anterior wall. It is very important that
the integrity of the abdominal wall is assessed by showing the insertion of the umbilical cord
and visualization of the bladder in the pelvis, so that that bladder and cloacal exstrophy can
be excluded.

The abdominal wall anomalies will be discussed separately in a subsequent chapter.

Author details

Ples Liana' and Anca Lesnic?
*Address all correspondence to: plesliana@gmail.com
1 UMF Carol Davila, Bucharest, Romania

2 Bucur Maternity, Bucharest, Romania

References

[1] Salmon L], Alfirevic Z, Berghella V, Bilardo C, Hernandez-Andrade E, Johnsen SL, Kalache
K, Leung K-Y, Malinger G, Munoz H, Toi A. Practice guidelines for performance of the rou-
tine mid-trimester ultrasound scan. Ultrasound in Obstetrics & Gynecology. 2011;37:111-126

[2] Goldstein I, Reece EA, Yarkoni S, et al. Growth of the fetal stomach in normal pregnan-
cies. Obstetrics and Gynecology. Oct 1987;70(4):641-644

[3] Fakhry], Shapiro LR, Schechter A, et al. Fetal gastric pseudomasses. Journal of Ultrasound
in Medicine. 1987;6:177

[4] Brun M, Maugey-Laulom B, Eurin D, Didier F, Avni EF. Prenatal sonographic patterns
in autosomal dominant polycystic kidney disease: A multicenter study. Ultrasound in
Obstetrics & Gynecology. 2004;24:55-61. DOI: 10.1002/u0g.1098

[5] Nyberg DA, Mack LA, Patten RM, Cyr DR. Fetal bowel: Normal sonographic findings.
Journal of Ultrasound in Medicine. 1987;6:3



[10]

[11]
[12]

[13]

[14]

[15]

[16]

[18]

[19]

Congenital Abdominal Anomalies
http://dx.doi.org/10.5772/intechopen.72170

Shen O, Rabinowitz R, Yagel S, Gal M. Absent gallbladder on fetal ultrasound: Prenatal
findings and postnatal outcome. Ultrasound in Obstetrics & Gynecology. Jun 2011;37(6):
673-677

de Jong EM, Felix JF, de Klein A, Tibboel D. Ethiology of the esopagheal atresia and tra-
cheoesopahean fistula: Mind the gap. Current Gastroenterology Reports. 2010;12:215-222

Kalache KD, Chaoui R, Mau H, Bollmann R. The upper neck pouch sign: A prenatal sono-
graphic marker for esophageal atresia. Ultrasound in Obstetrics & Gynecology. 1998;11:
138-140

Malinger G, Levine A, Rotmenschi S. The fetal esophagus: anatomical and physiological
ultrasonographic characterization using a high-resolution linear transducer. Ultrasound
Obstet Gynecol. 2004;24:500-505

Sparey C, Jawaheer G, Barret A, Robson S. Oesophageal atresia in the northern region
1985+1997: Prenatal diagnosis and outcome. American Journal of Obstetrics and Gyne-
cology. Feb 2000;182(2):427-431

Spitz L. Esophageal atresia: Past, present, and future. ] Pediatric Surg. 1996;31:19-25

Engum S, Grosfeld ], West K, Rescorla F, Scherer LT. Analysis of morbidity and mor-
tality in 227 cases of oesophageal atresia and/or tracheo-oesophageal ® stula over two
decades. Archives of Surgery. 1995;130:502-508

Vijayaraghavan SB. Antenatal diagnosis of oesophageal atresia with tracheo-oesopha-
geal ® stula. Journal of Ultrasound in Medicine. 1996;15:417-419

Brantberg A, Blaas H-GK, Haugen SE, Eik-Nes SH. Esophageal obstruction-prenatal detec-
tion rate and outcome. Ultrasound in Obstetrics & Gynecology. 2007;30:180-187

Ryckewaert-D’Halluin A, Le Bouar G, Odent S, Milon ], "Hervé D, D, Lucas ], Rouget F,
Loget P, Poulain P, Le Gall E, Taque S. Diagnosis of fetal urinary tract malformations:

Prenatal management and postnatal outcome. Prenatal Diagnosis. November 2011;31(11):
1013-1020

Baird PA, MacDonald EC. An epidemiologic study of congenital malformations of the
anterior abdominal wall in more than half a million consecutive live births. American
Journal of Human Genetics. 1981;33:470

David AL, Tan A, Curry J. Gastroschisis: Sonographic diagnosis, associations, manage-
ment and outcome. Prenat Diagn. 2008;28:633-644. Published online 13 June 2008 in
Wiley InterScience

Brantberg A, Blaas H-GK, Salvesen KA, Haugen SE, Mollerlokken G, Eik-Nes Fetal SH.
Duodenal obstructions: Increased risk of prenatal sudden death. Ultrasound in Obstetrics
& Gynecology. 2002;20:439-446

Leombroni M, Buca D, Celentano C, Liberati M, Bascietto F, Gustapane S, Marrone L,
Manzoli L, Rizzo G, D’ Antonio F. Outcomes associated with fetal hepatobiliary cysts:
Systematic review and meta-analysis. Ultrasound in Obstetrics & Gynecology. 2017;
50(2):167-174

269



270 Congenital Anomalies - From the Embryo to the Neonate

[20]

[21]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Heling K-S, Chaoui R, Kirchmair F, Stadie S, Bollmann R. Fetal ovarian cysts: Prenatal
diagnosis, management and postnatal outcome. Ultrasound in Obstetrics & Gynecology.
2002;20(1):47-50

Sohn YK, Han SY, Chun DW, Park JS, Jun JK, Yoon BH, Syn HC, Lee HP. Fetal hydrone-
phrosis—Natural history and predictors of postnatal outcome. Ultrasound in Obstetrics
& Gynecology. October 2001;18(s1):64

Ouzmanian ]G, Castro MA, Fusquez M, al-Sulyman OM, Kovacz BW. Prognostic signifi-
cance of antenatally detected fetal pyelectasis. Ultrasound in Obstetrics & Gynecology.
1996,7:424-428

Corteville JE, Gray DL, Crane JP. Congenital hydronephrosis correlation of fetal ultraso-
nograpic findings with infant outcome. American Journal of Obstetrics and Gynecology.
1991;165:384-388

Damen-Elias HAM, Stoutenbeek PH, Visser GHA, Nikkels PGJ, de Jong TPVM.
Concomitant anomalies in 100 children with unilateral multicystic kidney. Ultrasound
in Obstetrics & Gynecology. 2005;25(4):384-388

Demetriou K, Tziakouri C, Anninou K, Eleftheriou A, Koptides M, Nicolaou A, Deltas CC,
Pierides A. Autosomal dominant polycystic kidney disease-type 2. Ultrasound, geneti-
cand clinical correlations. Nephrology, Dialysis, Transplantation. 2000;15:205-211

MacDermot KD, Saggar-Malik AK, Economides DL, Jeffery S. Prenatal diagnosis of
autosomal dominant polycystic kidney disease (PKD1) presenting in utero and progno-
sis for very earlyonset disease. Journal of Medical Genetics. 1998;35:13-16

Bronshtein M, Bar-Hava I, Blumenfeld Z. Clues and pitfalls in the early prenatal diag-
nosis of ‘late onset” infantile polycystic kidney. Prenatal Diagnosis. 1992;12(4):293-298

Sebire NJ, Von Kaisenberg C, Rubio C, Snijders R]J, Nicolaides KH. Fetal megacystis at
10-14 weeks of gestation. Ultrasound in Obstetrics & Gynecology. Dec 1996;8:387-390

McHugo J, Whittle M. Enlarged fetal bladders: Aetiology, management and outcome.
Prenatal Diagnosis. Nov 2001;21:958-963

Kelalis, King, Belman, editors. Clinical Pediatric Urology. 2nd ed. Philadelphia: Saunders;
1985;1:527-558

Nassr AA, Shazly SAM, Abdelmagied AM, Araujo Junior E, Tonni G, Kilby MD, Ruano R.
Effectiveness of vesicoamniotic shunt in fetuses with congenital lower urinary tract
obstruction: an updated systematic review and meta-analysis. Ultrasound in Obstetrics
& Gynecology. 2017;49(6):696-703



