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Ultrasound-based differential
diagnosis of fetal abdominal
wall defects in early pregnancy

Abstract Rezumat

Fetal abdominal wall defects (AWDs) refer to a variety of
congenital anomalies characterized by the incomplete clo-
sure or disruption of the abdominal wall in the early stages
of embryonic development. Based on the 2011 European
Surveillance of Congenital Anomalies (EUROCAT) report,
the general prevalence of fetal abdominal wall defects is
documented to be six cases per 10,000 births. AWDs pose
significant challenges for prenatal diagnosis and manage-
ment. Ultrasound has emerged as an indispensable tool

in diagnosing and characterizing various abdominal wall
defects early in pregnancy, enabling precise prenatal coun-
seling and appropriate antenatal management strategies.
This article provides a general review of the specialized
literature regarding various types of abdominal wall de-
fects, such as omphalocele, gastroschisis, pentalogy of
Cantrell, bladder exstrophy, and limb body wall complex,
highlighting the significant sonographic features observed
during ultrasound examination. Additionally, differential
diagnoses are explored, emphasizing the importance of
accurately distinguishing between these conditions to en-
sure optimal management strategies. This article aims to
enhance the understanding and familiarity of ultrasound
practitioners and obstetricians with the spectrum of fetal
abdominal wall defects and their prenatal sonographic
appearance, thus facilitating improved prenatal care and
patients’ counseling.
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Defectele fetale ale peretelui abdominal se referd la o varietate
de anomalii congenitale caracterizate de inchiderea incom-
pletd a peretelui abdominal in stadiile timpurii ale dezvoltdrii
embrionare. Conform raportului European Surveillance of
Congenital Anomalies (EUROCAT) din 2011, prevalenta glo-
bald a defectelor fetale ale peretelui abdominal este de sase
cazuri la 10000 de nasteri. Defectele fetale ale peretelui abdo-
minal reprezintd o provocare semnificativd in ceea ce priveste
diagnosticul prenatal si managementul acestora. Ecografia
este un mijloc indispensabil in diagnosticarea si caracterizarea
diferitelor defecte ale peretelui abdominal in stadiile tim-
purii ale sarcinii, permitdnd consilierea prenatald precisd si
strategiile adecvate de management antenatal. Acest articol
prezintd o analizd a literaturii de specialitate referitoare

la diferitele tipuri de defecte ale peretelui abdominal, cum
sunt omfalocelul, gastroschizisul, pentalogia lui Cantrell,
extrofia vezicii urinare si complexul de membru-corp-pe-

rete, evidentiind caracteristicile semnificative sonografice
observate in timpul examindrii cu ultrasunete. In plus, sunt
explorate diagnosticele diferentiale, subliniind importanta

de a distinge cu precizie intre aceste conditii pentru a asigura
strategii optime de management. Acest articol isi propune

sd imbundtdteascd intelegerea si familiarizarea cu spectrul
defectelor fetale ale peretelui abdominal fetal si cu aspectul
lor sonografic prenatal, facilitand astfel ingrijirea prenatald si
consilierea pacientilor.

Cuvinte-cheie: ecografie, diagnostic prenatal, defecte ale
peretelui abdominal, anomalii fetale, management prenatal

Diagnosticul diferential ecografic al defectelor de perete abdominal fetal
in primul trimestru de sarcind
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Introduction

Fetal abdominal wall defects (AWDs) encompass a
wide range of congenital anomalies that involve the in-
complete closure or disruption of the abdominal wall
during the embryonic development.

According to the 2011 European Surveillance of Con-
genital Anomalies (EUROCAT) report, which analyzed
congenital anomalies in Europe from 1980 to 2008,
the overall prevalence of fetal abdominal wall defects
is reported to be six cases per 10,000 births®. The most
frequently encountered fetal abdominal wall defects are
gastroschisis and omphalocele®. Other AWDs include

pentalogy of Cantrell, cloacal exstrophy, bladder ex-
trophy, and limb body wall complex. The association of
other congenital abnormalities with AWDs is commonly
observed, and these additional abnormalities carry cru-
cial prognostic and management implications®. These
defects can have severe health implications and potential
risks, which highlight the importance of precise prenatal
diagnosis and effective management strategies.
Ultrasound (US) has emerged as a fundamental tool
in screening and diagnosing these conditions, providing
anoninvasive and safe approach to visualize and assess
fetal abdominal wall defects. The American Institute
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of Ultrasound in Medicine guidelines mandate the
visualization of umbilical cord insertion on the fetal
abdomen during second- or third-trimester ultrasound
examinations in order to exclude a potential AWD®,
In cases where an abdominal wall defect is detected, a
specific diagnosis is determined by assessing the rela-
tionship between the defect and the site of umbilical
cord insertion.

This paper provides a general review of the special-
ized literature regarding various types of abdominal
wall defects, namely omphalocele, gastroschisis, pen-
talogy of Cantrell, bladder exstrophy, and limb body
wall complex, highlighting the significant sonographic
features observed during ultrasound examination. This
includes aspects such as the precise location, contents
and any associated anomalies. Additionally, differential
diagnoses are explored, emphasizing the importance
of accurately distinguishing between these conditions
to ensure optimal management strategies. To gather
pertinent articles on prenatal diagnosis of abdominal
wall defects, an extensive search was conducted using
databases such as PubMed, Elsevier and Google Scholar.
The search utilized the keywords “abdominal wall de-
fect”, “ultrasound”, “omphalocele”, “gastroschisis”, and
“pentalogy of Cantrell”.

Omphalocele

Omphalocele refers to a condition where there is a
defect in the closure of the abdominal wall, specifically
affecting the insertion of the umbilical cord. It arises
when loops of the intestines do not return to the abdomi-
nal cavity as expected after their natural herniation into
the umbilical cord from the sixth to tenth week of devel-
opment®. It is a membrane-covered herniation, where
the organs that have protruded are enclosed within a
protective sac made up of two layers: the peritoneum and
the amnion®. During the prenatal period, omphalocele
stands out as one of the most frequently encountered
abnormalities affecting the abdominal wall®, having a
global prevalence of 2.6 per 10,000 births®.

There are two distinct variants of omphalocele, cat-
egorized based on whether the liver is present within the
sac or not. These two variants exhibit different patterns
of embryogenesis and can have different prognoses, pri-
marily due to the varying risks of accompanying chro-
mosomal abnormalities®. The presence of associated
abnormalities is prevalent among affected fetuses, with
approximately 67-88% exhibiting additional anoma-
lies®. In cases of omphalocele, cardiac anomalies are
frequently observed, occurring in approximately 50%
of affected individuals®. Among these cardiac abnor-
malities, ventricular septal defect, tetralogy of Fallot,
and ectopia cordis are the most commonly seen condi-
tions™. Following cardiac anomalies, gastrointestinal
abnormalities are encountered in approximately 40% of
fetuses affected by omphalocele®. Diaphragmatic her-
nia, intestinal atresia and enteric duplications are the
most frequently observed gastrointestinal abnormalities
in this context™. Other organ system anomalies include
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musculoskeletal anomalies, genitourinary anomalies
and central nervous system anomalies”. Chromosomal
abnormalities most commonly associated with ompha-
locele are trisomy 18 and trisomy 13®.

Ultrasound is the imaging method of choice for pre-
natal assessment of the fetus, enabling early detection
of omphalocele. The earliest possible identification is
around 12 weeks of menstrual age, as earlier it can be
mistaken for physiological herniation®?.

On ultrasound, an omphalocele can be visualized
as a protruding structure that exhibits the following
features: it originates from the anterior abdominal
wall, and it contains abdominal viscera such as the
liver and/or bowel, as well as the convex side of the
bulge displays the insertion of the umbilical cord®. The
differential diagnosis should be made, as mentioned
before, with the physiological herniation, gastroschisis,
limb body wall complex (LBWC) and cloacal exstrophy.
In gastroschisis, there is no membrane to cover the
herniated organs and the umbilical cord insertion is
normal, while in an omphalocele it inserts on the top of
the sac®. The limb body wall complex is distinguished
by distortion of the body’s anatomy, resulting in se-
vere scoliosis, as well as abnormalities in the limbs and
skull®. While omphalocele commonly exhibits midline
bowel herniation, gastroschisis is characterized by a de-
fect that is typically right-sided, and in limb body wall
complex, the defect is typically left-sided®?. In cases
of cloacal exstrophy, the omphalocele extends down-
wards, involving the region below the umbilicus®?.
This condition is accompanied by bladder exstrophy
and abnormalities in the external genitalia®. Other
nonchromosomal syndromes associated with ompha-
locele, beside the cloacal exstrophy, are Beckwith-
Wiedemann syndrome (omphalocele + macroglossia
+ somatic hemihypertophy + polycystic kidney) and
pentalogy of Cantrell (midline anterior ventral wall
defect + diaphragmatic defect + cleft distal sternum +
defect of the apical pericardium with communication
into the peritoneum + congenital heart defects)®.

The rates of neonatal morbidity and mortality exhibit
a direct correlation with both the presence and severity
of associated anatomic and chromosomal anomalies®?.

Gastroschisis

Gastroschisis is characterized by a paramedian
defect in the abdominal wall, frequently right-sided,
through which loops of the bowel herniate and freely
float within the amniotic fluid, not being covered by any
membranes®?. It is an AWD that does not involve the
umbilical cord. The incidence of gastroschisis is 3 per
10,000 pregnancies™®. There may be accompanying fetal
anomalies primarily affecting the bowel. These anoma-
lies involve motility dysfunction, intestinal atresia or
stenosis, bowel obstruction, perforation, peritonitis,
short gut syndrome, and necrotizing enterocolitis®®.
Other anomalies are quite rare®, but it is important to be
looked for, as among fetuses with gastroschisis, approxi-
mately 14% were found to have additional anomalies,
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Figure 1. Free floating bowels at 12 weeks of gestation

including central nervous system and cardiac malfor-
mations®®. The utilization of ultrasound enables the
identification of this birth defect in utero with a high
level of both specificity and sensitivity. The diagnosis
of this condition depends on identifying the presence
of bowelloops freely floating outside the fetal abdomen
(Figure 1 - image from personal collection) as early as 12
weeks of gestation with normal umbilical cord insertion
(Figure 2 - image from personal collection)®?.

It is believed that prolonged exposure of the exteri-
orized bowel to the amniotic fluid leads to the leakage
of important proteins, which in turn results in poor
fetal growth®”. Wall thickening in the herniated bowel

Figure 2. Sagittal view of the fetus at 12 weeks of ges-
tation with normal cord insertion and paraumbilical
wall defect through which the bowel protrudes

may occur due to inflammation and direct trauma,
causing a series of bowel complications like atresia,
perforation and infarction®. It is advisable to perform
serial examinations to monitor fetal weight and fetal
bowel diameters to help predict bowel complications.
It is important to take into consideration that fetal
weight might be underestimated in cases of gastroschi-
sis due to the smaller abdominal circumference result-
ing from the extrusion of intraabdominal contents®®.
In highly exceptional scenarios, certain authors have
documented instances where, following a significant
dilation of an ileal loop caused by obstruction, the di-
lated loop could vanish entirely®. This disappearance
is attributed to the complete necrosis of the affected
loop, a phenomenon commonly referred to as “vanish-
ing gut”. The differential diagnosis should be made
with omphalocele, physiological hernia and LBWC. The
ultrasonographic differences between these entities
have been discussed earlier. It is important to diagnose
the AWDs not earlier than 12 weeks of gestation, as
physiological hernia can be mistaken for gastroschisis.
As an example, in Figure 3 we present the case of a
physiological hernia, analyzed in our clinic, mistaken
for gastroschisis at 10 week and 4 days, that completely
disappeared at almost 12 weeks of gestation. Typically,
the prognosis for gastroschisis is favorable, unless com-
plications such as perforation, infarction or infection
of the herniated loops arise®.

Limb body wall complex

LBWC s afetal condition characterized by the presence
of at least two out of three following specific features: ex-
encephaly, and either facial clefts, thoraco- and/or abdo-
minoschisis, along with limb defects®®. The terminology
of LBWC has been variably interchanged with body stalk
anomaly (BSA) in the literature®'V. The prevalence of this
rare disorder is approximately one in 10,000- 40,000 live
births®. The condition is characterized by the visceral
organs being attached to the placenta and a shortened or
absent umbilical cord®®. Russo et al. describe two pheno-
types for LBWC: one consisting of an encephalocele with
facial cleft and craniofacial placental attachment, and
the other comprising an abdominal defect, abdominal
placental attachment, a short or absent umbilical cord,
and visceral abnormalities®.

On ultrasound, the characteristic features of LBWC
include the fetus typically being in a fixed position and
frequently exhibiting complete evisceration of abdomi-
nal contents®?. These abdominal contents are often
found adherent to the surface of the placenta. The iden-
tification of the cord insertion site is not possible, and
there are no observable free-floating loops of the umbili-
cal cord. In the placentocranial variant, notable craniofa-
cial abnormalities are observed alongside severe defects
in the limbs, spine and internal organs®. These abnor-
malities may be present along with or without abnormal
craniofacial placental attachment®. Early diagnosis of
LBW(C is critical for providing parental counseling, since
this condition is incompatible with life.
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Figure 3. Ultrasound imaging at 10 weeks and 4 days. A) The scan revealed an echogenic structure with irregular bor-
ders emerging from the right side of the umbilical cord insertion, suggesting an abdominal wall defect with features
consistent with gastroschisis. The main features of the image were the irregular border, the lack of a membrane to cover
it, and also the lateral position relative to the umbilical vessels. B) Ultrasonography at 11 weeks and 4 days showing the
complete resolution of the discussed anomalies, with complete reintegration of the bowel into the abdomen

Bladder and cloacal exstrophy

Bladder exstrophy is a condition that manifests in
approximately one out of every 30,000 births, with a
higher incidence among males®™, whereas cloacal exstro-
phy, a rare and serious congenital abnormality, has an
incidence of approximately one case in 200,000-400,000
births, with higher rates observed among women®?.

In normal embryological development, the caudal
growth of the urorectal septum leads to its fusion with
the cloacal membrane, effectively and completely par-
titioning the cloaca into two distinct parts, the bladder
anteriorly and the rectum posteriorly®®. Around the
sixth week of development, a normal perforation occurs
in the cloacal membrane, leading to the formation of
separate openings for urogenital and anal pathways®?.
The urogenital sinus, an embryonic structure, serves as
the precursor for several important anatomical features.
It gives rise to the bladder and urethra in both male and
female fetuses®. Additionally, in female fetuses, a sec-
tion of the vagina also originates from the urogenital
sinus®. Marshall and Muecke stated that the migratory
failure of the lateral mesodermal folds to the cloacal
membrane is responsible for these two AWDs®V. The
absence of mesodermal reinforcement in this context
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leads to the premature rupture of the cloacal membrane.
The timing of this rupture determines the severity and
extent of the abdominal wall defect, as well as the degree
of involvement of the urogenital tract®”. Cloacal exstro-
phy occurs when the rupture of the cloacal membrane
happens prematurely, before its fusion with the urorec-
tal septum, whereas bladder exstrophy arises from the
rupture of the cloacal membrane right after its fusion
with the urorectal septum®.

Ultrasound of bladder exstrophy reveals an AWD in-
ferior to the cord insertion on the abdominal wall with
the hallmark of “absent” urinary bladder because of the
bladder being open to the abdominal wall, with urine
eliminated immediately into the amniotic cavity™". By
visualizing the perivesical iliac arteries, it becomes pos-
sible to locate the bladder within the protruding mass,
thus providing confirmation of the exstrophy®. The
inflammation of the exposed mucosa can lead to an ab-
normal thickening of the posterior bladder wall which
can be observed during ultrasound examination as an ir-
regular contour of the lower anterior abdominal wall®?.

Cloacal exstrophy on ultrasound, like bladder ex-
strophy, is characterized by a low anterior abdomi-
nal wall defect and the absence of a visible bladder.
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Furthermore, it involves the exstrophy not only of the
bladder, but of all the other structures that contribute
to the formation of the cloaca, including the rectum
and lower genitourinary tract®. Genital abnormalities
occur in the bladder exstrophy as well, and the most
frequent for males are epispadias, a short or split penis
and maldescended testes, whereas for females, there
are commonly observed the presence of a bifid clitoris,
as well as anomalies affecting the uterus and vagina®?.
Cloacal exstrophy is generally accompanied by an om-
phalocele of varying size®?. On ultrasound, in the case
of cloacal exstrophy, the omphalocele constitutes the
upper part of a larger and more intricate abdominal
wall defect that extends downwards to the pubis®?.
The classical ultrasound image is the “elephant trunk”
formed by the bowel herniation between the bladder
halves. It is worth noting that other abnormalities af-
fecting the urogenital, gastrointestinal, skeletal, and
neurospinal axis are commonly seen alongside cloacal
exstrophy®, like the OEIS complex which stands for
omphalocele, exstrophy, imperforate anus, and spinal
defects. The diagnosis of OEIS complex is established
through ultrasound examination by focusing on the
identification of the aforementioned defects. The visu-
alization of the anal orifice and the internal genitalia
poses the highest level of difficulty during sonography
scans, fetal MRI being a valuable tool in this situation.
OEIS complex has an unfavorable outcome attributed to
the notable morbidity and mortality observed among
infants at birth, primarily due to the necessary post-
natal procedures®.

Pentalogy of Cantrell

Pentalogy of Cantrell (POC) is a rare thoraco-abdomi-
nal anomaly characterized by defects in the supraumbili-
cal anterior abdominal wall, inferior sternum, anterior
diaphragm, and pericardium®?. It is often accompanied
by various cardiac abnormalities like pulmonary steno-
sis, septal defects, tetralogy of Fallot and ventricular
diverticulum®. Its incidence is 1 in 65,000-200,000
births®. The expression of the syndrome is variable,
and it may manifest with all five components, enabling
a definitive diagnosis®. Alternatively, it can present
with three to four components, making the diagnosis
probable®. Pentalogy of Cantrell can be accompanied
by craniofacial and limb anomalies®. Additionally, it is
frequently linked to trisomies 18 and 13 and Turner syn-
drome, so that amniocentesis should be performed®?.

Ultrasound is sufficient to make the diagnosis, allow-
ing the visualization of the characteristic anomalies®.
Omphalocele is better seen on sagittal and transverse
views, whereas the cardiac ectopia are better revealed
in the sagittal view®. Color Doppler ultrasound can be
used as a helpful tool in detecting cardiac ectopia during
medical examinations. During the early stages of the
first trimester, it is possible for the inferior sternal and
anterior diaphragmatic defect to be difficult to detect.
In such instances, the presence of a pericardial effu-
sion in conjunction with an omphalocele can serve as

an indication of the condition®. When considering a
diagnosis of pentalogy of Cantrell, it is important to
differentiate it from other conditions such as isolated
omphalocele, LBWC and ectopia cordis. The first two have
already been discussed. Unlike ectopia cordis, where the
heart is positioned outside of the chest in an abnormal
manner, POC is distinguished by the heart being posi-
tioned inside the chest cavity, typically with a noticeable
shift in the cardiac axis that results in the apex of the
heart being vertically oriented at the upper edge of the
defect in the abdominal wall®. Color Doppler ultrasound
can be a valuable tool for detecting cardiac ectopia. The
prognosis of POC depends on the form of manifestation.
Patients who have milder forms of the disease gener-
ally have a more favorable prognosis. The treatment ap-
proach to these individuals may involve either a single
surgical repair or a staged surgical repair, depending on
the specific combination of findings observed®.

Postnatal management and prognosis

More data regarding management are available for
less complex abdominal wall defects, as some of the
more intricate anomalies in the abdominal region are
inherently lethal. It is crucial to accurately diagnose
each condition in order to provide appropriate prenatal
counseling and ensure accurate postnatal management.

Generally, gastroschisis is not lethal. Typically, fetu-
ses affected by these congenital anomalies are delivered
through a scheduled caesarean section, carefully man-
aged and performed around the 36" week of gestation.
The purpose of this approach is to minimize the risks of
neonatal and maternal morbidity that may arise from a
spontaneous delivery. A study conducted in USA on 4803
newborns showed that, with appropriate obstetric and
neonatal care, the survival rates are more than 90% for
infants born with gastroschisis®”. The same study con-
cluded that infants with an increased risk of mortality
are born weighing less than 2500 grams or prior to 34
weeks of gestation®”. In a 2019 review of the literature
performed for 207 pregnancies with fetal gastroschisis,
spontaneous labor was associated with adverse neonatal
outcomes, particularly in those born preterm®®.

LBWC - which is characterized as a lethal condition
- is often accompanied by a high rate of spontaneous
abortion®. Only a limited number of cases have been
reported where infants with this condition have under-
gone extensive postnatal surgery and survived to early
childhood.

Omphalocele is surgically corrected after birth in a
single procedure or, depending on the size of the om-
phalocele, it may necessitate a two-step approach. The
prognosis is highly favorable when the omphalocele is
isolated and theliver is not located within the sac, where-
as when theliver is in the sac, the prognosis is relatively
poor, and the surgical correction do not allow the com-
plete closing of the abdominal wall, and sometimes the
complete closure require waiting until the growth of the
abdominal wall allows accommodation of the liver with-
out an abnormal increase in intraabdominal pressure®.
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Following birth, bladder exstrophy is typically treated
through either primary bladder closure or staged closure.
The surgical repair is commonly conducted during the
early stages of the neonate’s life. However, some medical
centers opt to delay the closure until the infant reaches
2-4 months of age. This delay allows for parent-child
bonding and allows organs to grow and mature before
undertaking the complex surgical procedure®.

The typical approach for the surgical management
of cloacal exstrophy involves a collaborative effort be-
tween pediatric surgery and urology, and it is usually
performed within the first 48-72 hours of the newborn
period, being a very complex procedure that requires
multiple surgical interventions®®. The primary objec-
tives of the reconstruction procedure are to achieve a
stable closure of the abdominal wall and bladder, to pro-
tect renal function, prevent short gut syndrome, and
create genitalia that are both functional and estheti-
cally satisfactory®. Joint planning by a multidiscipli-
nary team, consisting of a radiologist, maternal-fetal
medicine specialist, neonatologist, pediatric surgeon,
and other surgical subspecialists, is essential in order
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