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Abstract

Fetal abdominal tumors are rare, usually benign, and cause a great deal of anxiety for expectant parents and the physicians
counseling them. In this paper the author reviews the most common fetal abdominal tumors in the liver (hemangioma, mesen-
chymal hamartoma, hepatoblastoma, metastases) and the kidney (congenital mesoblastic nephroma, Wilms tumor, malignant
rhabdoid tumor, and clear cell sarcoma), and suprarenal mass lesions (adrenal neuroblastoma, adrenal hemorrhage, and
subdiaphragmatic extralobar pulmonary sequestration). The author describes the imaging approach, imaging appearance and
differentiating features of tumors, and differences between fetal and childhood appearances of tumors.
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Introduction

Solid abdominal masses in the perinatal period are rare and
usually benign. In a review of 44,560 pregnancies, only 8
(0.018%) were solid tumors [1]. The purpose of this article
is to discuss the differential diagnosis of solid fetal abdominal
tumors, the appearance of the most common diagnoses, and
appropriate postnatal imaging (Table 1). This review was ap-
proved by the institution’s review board.

Prenatal ultrasound (US) is the first-line modality, and fetal
MRI is indicated for any fetal abdominal mass suspected on
ultrasound because MRI adds information that contributes to
the differential diagnosis and management. Fetal MRI is ben-
eficial for its soft-tissue contrast, multi-planar imaging, large
field of view, and the utility of T1-W imaging for delineating
blood and meconium. Fetal MRI is also less constrained by
fetal position, maternal soft-tissue attenuation, gestational age,
and oligohydramnios. US imaging remains particularly useful
to evaluate Doppler flow and calcifications, and to monitor
lesion size and complications over time. For evaluating fetal
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abdominal masses, a combination of US and MRI is optimal.
Often, postnatal imaging is necessary to confirm or further
delineate the final diagnosis, provide a postnatal baseline
study, and evaluate for metastases.

Liver tumors

Hepatic tumors account for 5% of all perinatal tumors, with
hepatic vascular tumors being the most frequent, followed by
mesenchymal hamartoma, hepatoblastoma and metastases
[2]. There are rare reported cases of perinatal angiosarcoma
[2], hepatic adenoma [2—4], focal nodular hyperplasia [2, 5,
6], germ cell tumors, hepatocellular carcinoma and hepatic
sarcoma [2]. Liver metastases can occur in utero, most com-
monly from neuroblastoma. If a primary extrahepatic tumor is
not identified in the presence of multifocal liver lesions, con-
sider multifocal infantile hemangioma (although it is less
common prenatally) and leukemia.

Prenatally, lesions are detected by US imaging and further
evaluated with fetal MRI. Close sonographic follow-up in the
prenatal period tracks tumor growth, mass effect that could
contribute to pulmonary hypoplasia, gastrointestinal obstruc-
tion or vascular compromise, and potential heart failure from
vascular shunting. Postnatal multiphase contrast-enhanced
MRI or CT confirms peripheral discontinuous nodular en-
hancement of a hepatic vascular lesion or heterogeneous en-
hancement of hepatoblastoma or metastases. Hemangiomas
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Table 1 Most common fetal

abdominal masses based on Liver

Kidney

Suprarenal

location
Hemangioma

Congenital mesoblastic

Adrenal neuroblastoma

nephroma

Mesenchymal
hamartoma
Hepatoblastoma

Metastases

Wilms tumor

Malignant rhabdoid tumor

Adrenal hemorrhage

Subdiaphragmatic extralobar pulmonary
sequestration

Clear cell sarcoma

can be followed with US imaging to monitor regression, while
neoplastic tumors are usually resected.

Hemangioma

Hepatic vascular lesions account for 60.3% of liver tumors
diagnosed prenatally and in the first 2 months of age in the
pathology literature [2]. Historically there have been many
names for vascular liver tumors, including arteriovenous
malformation, hemangioendothelioma, cavernous heman-
gioma, hepatic vascular malformation with associated cap-
illary proliferation, and solitary hemangioma. The confus-
ing nomenclature results in difficulty studying these le-
sions. In 1982, Mulliken and Glowacki divided vascular
lesions into vascular tumors and vascular malformations,
and this model was adopted by the International Society
for the Study of Vascular Anomalies (ISSVA) in 1996 [7].
In a 2014 update to the ISSVA classification, hepatic hem-
angiomas were subdivided into infantile hemangiomas and
congenital hemangiomas; congenital hemangiomas were
further subclassified into rapidly involuting congenital
hemangiomas (RICH), non-involuting congenital heman-
giomas (NICH) and partially involuting congenital heman-
giomas (PICH) [7]. As the name implies, congenital hem-
angiomas are more commonly detected on fetal imaging,
whereas infantile hemangiomas are more commonly de-
tected in infancy.

Congenital hemangiomas are glucose transporter Type
1 (GLUTI1) (-) on pathological evaluation, are detected
prenatally or soon after birth, are more often a solitary
mass, and usually regress within a year or two. They are
prenatally identified in the third trimester as a large
circumscribed liver tumor. Congenital hemangiomas dem-
onstrate variable echogenicity and are T2-hyperintense
but commonly heterogeneous because of areas of necro-
sis, hemorrhage and calcification. There are sometimes
large vessels at the periphery of the lesion and vascular
shunting as evidenced by large arteries and draining
veins, small caliber of the aorta distal to the liver, and
cardiomegaly [8—10] (Fig. 1). Occasionally they present
as a homogeneous liver mass (Fig. 2). Hydrops is a po-
tential complication. Congenital hemangiomas can be
complicated by transient consumptive coagulopathy [10].
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Infantile hemangiomas are GLUT1 (+) on pathological
evaluation, are more often diagnosed in the first few
months of age, are more often multiple or diffuse but
can be solitary, and typically grow during the first year
of age and then regress over 1-8 years. Infantile heman-
giomas have an interesting association with hypothyroid-
ism, which can be profound; they sometimes express
Type 3 iodothyronine, which degrades thyroid hormone,
so thyroid supplementation might be necessary until the
lesion resolves or is resected [11]. Hypothyroidism can
also contribute to heart failure in these children [10].
Infantile hemangioma is also more highly associated with
skin hemangiomas than congenital hemangioma. Infantile
hemangioma typically presents as smaller multifocal or
diffuse tumors of variable echogenicity and hyperintense
T2-W signal that sometimes nearly replaces the liver pa-
renchyma on imaging compared to the large solitary het-
erogeneous congenital hemangioma [8, 9] (Fig. 3;
Table 2).

Postnatal contrast-enhanced multiphase imaging is recom-
mended to confirm a vascular tumor by demonstrating the
typical arterial-phase discontinuous nodular enhancement
with centripetal fill-in over time. MR is favored for postnatal
imaging because of its lack of ionizing radiation. Large tumors
commonly have central necrosis, which does not enhance
(Fig. 2). If there is rapid growth or if the enhancement pattern
is not typical, the lesion should undergo biopsy. Commonly,
postnatal imaging confirms the diagnosis and asymptomatic
lesions are followed with US imaging to document regression.
Symptomatic lesions, usually with vascular shunting or mass
effect, are treated with steroids to hasten involution or anti-
angiogenic drugs; when symptomatic lesions are refractory to
medical management, they are treated with embolization, tu-
mor resection or liver transplantation. GLUTI1 (+) infantile
hemangiomas more reliably respond to medical management,
whereas there is no clear effect on GLUT 1 (—) congenital
hemangiomas [10, 12].

Mesenchymal hamartoma
Mesenchymal hamartomas account for 23.3% of liver tumors

diagnosed prenatally through the first 2 months of age in the
pathology literature [2]. The etiology is not established,
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Fig. 1 Congenital hemangioma. Prenatal imaging at 29 weeks of
gestation of a congenital hemangioma, confirmed on autopsy. The baby
was born at 30 4/7 weeks and died of refractory high-output cardiac
failure. a Transverse Doppler US imaging demonstrates a
heterogeneous hypervascular liver mass with abundant Doppler flow. b
Axial T2-W half-Fourier acquisition single-shot turbo spin-echo

(HASTE) MR image demonstrates a heterogeneous mass (arrows) with
large peripheral vessels, large-caliber hepatic artery arising from the aorta
(A) and large vein draining to the inferior vena cava (V). ¢ Coronal T2-W
HASTE MR image shows the hypervascular mass (arrows) in addition to
cardiomegaly, indicating heart failure secondary to shunting. Images
courtesy of Dr. Chris Cassady

Fig. 2 Homogeneous hemangioma. Prenatal and postnatal imaging of an
atypically homogeneous congenital hemangioma in a male. a Transverse
US image at 31 weeks of gestation demonstrates a well-circumscribed,
more homogeneous hypoechoic mass (calipers) than is typical for
congenital hemangioma. b Coronal TrueFISP (true fast imaging with
steady-state precession) MR image at 33 weeks of gestation confirms
the intrahepatic mass (arrowheads) and reveals no other findings. ¢

Postnatal axial contrast-enhanced arterial-phase T1-W fat-saturated
MRI of the boy’s abdomen at 4 days of age confirms that the mass
(arrowheads) is a hemangioma with characteristic peripheral
discontinuous nodular enhancement (arrow). d There is centripetal fill-
in over time, and on delayed axial post-contrast T1-W MRI the mass
(arrowheads) demonstrates an area of nonenhancement (asterisk) from
necrosis that is common in congenital hemangioma
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Fig. 3 Infantile hemangioma. MRI in a 5-week-old girl who presented
with heart failure at 4 weeks of age and multiple masses on US imaging.
Postnatal axial T2-W MR image demonstrates multiple T2-hyperintense
hepatic lesions with vascular flow voids throughout the liver, typical of
infantile hemangiomas

although they might represent a type of ductal plate malfor-
mation, a hamartoma, or the result of toxic or ischemic injury
[13].

Mesenchymal hamartomas are multilocular cystic and sol-
id lesions typically diagnosed prenatally in the second and
third trimesters (Fig. 4). On imaging there are commonly sev-
eral septations and nodules, and sometimes hemorrhage or
debris within the cysts. Calcifications or a large solid angio-
matous component might be present. They are pedunculated
in 20% of cases, which can cause difficulty in determining
hepatic origin of the mass. Other cystic lesions in the right
upper quadrant should also be considered if the mass is pre-
dominantly cystic and pedunculated [14]. Other differential
considerations include hemangioma or hepatoblastoma with
a cystic component, but typically those tumors are largely
solid compared to mesenchymal hamartoma, which is largely
cystic.

Lesion size is variable, and complications are related to
mass effect. Polyhydramnios, hydrops and pulmonary

hypoplasia have been reported, with 29% mortality for lesions
diagnosed in utero [15]. For this reason, close prenatal follow-
up to monitor size is recommended, and some advocate aspi-
ration of large cysts for temporary relief of mass effect. Most
lesions are completely resected postnatally because there have
been rare case reports of undifferentiated embryonal sarcoma
arising in partially resected lesions [14]. There have been re-
ports of spontaneous regression, as well (Fig. 5).

Hepatoblastoma

Hepatoblastomas account for 16.5% of liver tumors diagnosed
prenatally through the first 2 months of age in the pathology
literature [2]. Of all pediatric hepatoblastomas, only 10% are
diagnosed in the perinatal period [2]. Hepatoblastoma is asso-
ciated with Beckwith—Wiedemann syndrome and familial ad-
enomatous polyposis [16, 17].

On prenatal imaging, hepatoblastoma is identified in the
late third trimester as a large heterogeneous mass. It is usually
solitary but can be multifocal. It is typically a hyperechoic
solid mass on US imaging with increased vascularity and is
predominantly T2-hyperintense and T1-hypointense (Fig. 6).
There might be areas of heterogeneity from hemorrhage, ne-
crosis or calcification. As with any abdominal mass lesion,
there is sometimes mass effect with potential pulmonary hy-
poplasia, compression of venous structures, and hydrops.

While childhood cases of hepatoblastoma metastasize to
the lung, fetal circulation presumably accounts for sparing of
the lungs in prenatal cases. However, it can metastasize to the
brain, bone and placenta.

Other liver tumors such as hemangioma, metastasis
and mesenchymal hamartoma with a large solid compo-
nent are in the differential diagnosis. Interestingly, while
nearly all childhood hepatoblastomas result in a mark-
edly elevated alpha-fetoprotein (AFP) level, only about
half of fetal hepatoblastomas do, so this lab test does
not rule out hepatoblastoma. Additionally, AFP is ele-
vated in 14% of fetal hemangiomas and rarely in mes-
enchymal hamartoma [2].

Table 2  Comparison of common characteristics of congenital hemangioma versus infantile hemangioma

Congenital

Infantile

Diagnosis Prenatal 3rd trimester

Postnatal course

Rapidly involuting congenital hemangioma (RICH) involutes over a year

Postnatal weeks to months
Grows first year then involutes

Non-involuting congenital hemangioma (NICH) stabilizes or grows
Partially involuting congenital hemangioma (PICH) partially involutes

Glucose transporter -)
(GLUT) 1 reactivity
Appearance Large solitary mass

Associations Low association with skin hemangiomas

(+)

Multifocal or diffuse

Strong association with skin hemangiomas
and hypothyroidism
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Fig. 4 Mesenchymal hamartoma
of'the liver on prenatal imaging at
26 weeks of gestation. a
Transverse US image
demonstrates a multilocular cystic
liver mass (arrows). b Sagittal
T2-W MR image confirms a
hyperintense cystic lesion (M)
with multiple septations. Images
courtesy of Dr. Beth Kline-Fath

Prenatal follow-up evaluates for tumor growth and for de-
velopment of complications. Postnatally, contrast-enhanced
imaging and staging should be performed. Postnatal heteroge-
neous contrast-enhancement pattern, and therefore lack of
hemangioma-specific enhancement, and other aggressive fea-
tures such as rapid growth or metastases are helpful in diag-
nosing hepatoblastoma. With modern treatment, congenital
hepatoblastoma outcomes are similar to those in childhood
hepatoblastoma, with a 3-year survival of 86% [18].

Renal tumors

Solid renal tumors in the fetus and neonate are quite rare and
account for 5% of all perinatal tumors [19]. In the perinatal
period, congenital mesoblastic nephroma is most common,
followed by Wilms tumor, malignant rhabdoid tumor of the
kidney, and finally clear cell sarcoma of the kidney. This
differs from tumors in the first year after birth, when Wilms
tumor is more common than mesoblastic nephroma. There are

Fig. 5 Resolving mesenchymal hamartoma. Postnatal US image in an 8-
week-old boy to follow up a cystic liver mass seen on prenatal imaging at
about 6 months of gestation (prenatal imaging not available). US image
demonstrates a complex multilocular cystic lesion with no significant
Doppler flow. It resolved on follow-up imaging 4 weeks after this
image (not shown) and was presumed to be a mesenchymal hamartoma

rare reported cases of multilocular cystic renal tumor (cystic
nephroma and cystic partially differentiated nephroblastoma),
ossifying renal tumor of infancy, angiomyolipoma (with tu-
berous sclerosis complex) and metanephric stromal tumor
[19-21].

While US imaging is used first to diagnose a prenatal renal
mass, there is considerable overlap in the sonographic appear-
ance of renal tumors, so a final diagnosis is not possible by US
imaging. The soft-tissue contrast of MRI is useful to further
confirm renal origin, exclude metastases or contralateral le-
sions, and better define the extent of the lesion [22]. Based
on patient age, congenital mesoblastic nephroma is the most
likely fetal tumor, with Wilms, rhabdoid, and clear cell sarco-
ma in the differential diagnosis. MRI findings might cause one
to re-order that differential diagnosis. If there were contralat-
eral renal lesions or venous invasion, Wilms would be at the
top of the differential diagnosis, followed by rhabdoid tumor.
If there were a brain tumor, rhabdoid tumor would be at the
top of the differential diagnosis. If there were distant metasta-
ses, thabdoid tumor would be most likely and congenital
mesoblastic nephroma least likely.

Prenatally, close follow-up is important to look for
polyhydramnios and complications related to mass effect
such as cardiovascular compromise, hydrops and pulmo-
nary hypoplasia. These fetal complications, rather than
tumor malignancy, are the greatest cause of morbidity
and mortality. This is especially true for congenital
mesoblastic nephroma, where polyhydramnios is the
presenting sign twice as often compared to other renal
tumors [19]. Polyhydramnios with fetal renal tumors
might be caused by increased perfusion resulting in
hyperfiltration and excessive urine production. There
might also be a component of gastrointestinal obstruc-
tion. In a multicenter study including 26 congenital
mesoblastic nephromas and 2 Wilms tumors diagnosed
prenatally, 39% had polyhydramnios, 2 fetuses had
hydrops, and 1 fetus died. Nearly half of the fetuses
with renal tumors were born premature [23].
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Fig. 6 Hepatoblastoma. Prenatal
and postnatal congenital
hepatoblastoma in a girl
diagnosed postnatally with
Beckwith—Wiedemann
syndrome. a Transverse fetal US
image at 37 2/7 weeks of
gestation demonstrates a
heterogeneous hyperechoic mass
(M) in the liver. b Fetal axial T2-
W MRI confirms a heterogeneous
hepatic mass (M) that measures
3.2x%3.3 cm. No metastases were
seen. ¢ Postnatal axial T1-W fat-
saturated MRI arterial-phase
imaging 7 days after prenatal
imaging demonstrates central
arterial enhancement in the mass
(M). d Postnatal contrast-
enhanced venous-phase coronal
T1-W fat-saturated MRI
demonstrates a heterogeneously
enhancing mass (M). It measured
5.0x5.3 postnatally, significantly
increased in size. Images courtesy
of Dr. Rachelle Goldfisher

Vaginal delivery is safe in uncomplicated cases. Caesarean
section is advisable for large masses, fetal distress or risk of
tumor rupture, though there is no established guideline regard-
ing how big is too big [23]. The baby should be delivered at a
tertiary care center with a multidisciplinary team. Postnatally,
staging is recommended with chest CT and either MR or CT
of the abdomen. Nephrectomy should be performed within
days to weeks because pathology rather than imaging is diag-
nostic. Immediate postnatal complications include hyperten-
sion (22%), respiratory distress (30%) and hemodynamic in-
stability (11%) [23]. Hypercalcemia is also reported [19, 23].

Congenital mesoblastic nephroma

Congenital mesoblastic nephroma accounts for 66% of renal
tumors diagnosed prenatally through the first 2 months of age
based on pathology literature [19] and comprised 54% of renal
tumors diagnosed in the first month after birth in a study of
infants [24]. It is generally considered a benign tumor of fetal
and early postnatal infants that is curable with resection; how-
ever, there are reported cases of metastases (2%) to the lung,
brain, liver, heart and bone, so it is really best classified as a
mesenchymal tumor with low malignant potential [19, 25,
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26]. Perinatal morbidity and mortality are caused by associat-
ed polyhydramnios, mass effect resulting in pulmonary hypo-
plasia and circulatory compromise, respiratory distress, fetal
hypertension, hypercalcemia and preterm labor, so 5% of pa-
tients with congenital mesoblastic nephroma die before or
shortly after birth [19, 25].

On imaging, congenital mesoblastic nephroma is usually a
large mass comprising half or more of the kidney, located near
the hilum, and sometimes involving part or all of the renal
sinus [22, 25]. Based on case reports, congenital mesoblastic
nephroma on US imaging is usually a homogeneous mass that
is not encapsulated and blends in with the renal parenchyma.
However, sonographic variants including mild heterogeneity,
a hypo- or hyperechoic rim, cysts and calcifications have been
described [23, 25]. There is typically some degree of internal
vascularity [22]. Given the variety of appearances and overlap
with other tumors, especially Wilms tumor, sonography is not
diagnostic of the type of tumor [23]. On MRI the signal is
isointense to renal parenchyma (Fig. 7).

Survival among treated perinatal patients is 84%, which is
lower than the survival rate for congenital mesoblastic
nephroma in older infants (96%), likely because prenatal con-
ditions (polyhydramnios, hydrops, hypertension, pulmonary
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Fig.7 Congenital mesoblastic nephroma. Prenatal imaging of a fetus referred
for left renal tumor identified in the third trimester. a Prenatal longitudinal US
image at 35 weeks of gestation demonstrates a mildly heterogeneous left renal
mass (calipers) of similar echogenicity to the rim of normal renal cortex
superiorly (arrow). b Sagittal TrueFISP (true fast imaging with steady-state
precession) T2-W MR image demonstrates the renal mass (M) separate from

hypoplasia, heart failure) affect morbidity and mortality and
decisions regarding surgical treatment [19, 24]. Nephrectomy
is the treatment of choice because there is increased likelihood
of'local recurrence with positive margins after partial nephrec-
tomy [26]. Recurrence rate is 5% [19, 25].

Wilms tumor

Wilms tumor accounts for 20% of renal tumors diagnosed
prenatally through the first 2 months of age based on pathol-
ogy literature [19]. On imaging, Wilms tumor is a large solid
infiltrating tumor that sometimes has areas of hemorrhage,
necrosis and rarely calcification. It has been described as en-
capsulated. Some authors favor a Wilms diagnosis if there
appears to be a capsule or increased heterogeneity of tumor
on prenatal imaging [27], but there is overlap in the imaging
appearance with other tumors. Wilms tumor is known to in-
vade the renal vein and inferior vena cava.

Because bilateral tumors and nephrogenic rests might be
present [28], this is a renal tumor for which MRI is particularly
useful to analyze the contralateral kidney, to analyze the ipsi-
lateral kidney for vascular invasion, and to look for metastases.

Prognosis is good, with 91% survival with treatment in
perinatally diagnosed cases [19], which is similar to those
diagnosed in the first 7 months of age, who have a 93% 5-
year overall survival [24].

Malignant rhabdoid tumor of the kidney
Malignant rhabdoid tumor of the kidney accounts for 11% of

renal tumors diagnosed prenatally through the first 2 months
of age based on pathology literature [19]. It is locally

the adrenal gland (arrowhead), spleen (thin arrow) and stomach (S). It
replaces more than half the kidney (thick arrow), compresses the hilum,
and demonstrates signal isointense to the renal cortex and blends into the
cortex. ¢ Axial half-Fourier acquisition single-shot turbo spin-echo
(HASTE) T2-W MRI demonstrates the left renal mass (arrowheads),
which is isointense to the normal contralateral renal cortex

aggressive with infiltration and invasion of the capsule and
vessels. Metastases are present at diagnosis in about half of
cases [19, 25]. There are simultaneous brain tumors, particu-
larly medulloblastomas and primitive neuroectodermal tu-
mors, in 26% of cases [19], and the brain should be scrutinized
in fetuses with renal tumors.

A case report of a prenatal malignant rhabdoid tumor of the
kidney detected just prior to delivery describes a heteroge-
neous large mass, which on postnatal MRI demonstrated het-
erogeneous enhancement and areas of necrosis and hemor-
rhage [29]. Because it is an aggressive tumor, it is often large,
with vascular invasion and indistinct margins. Malignant
rhabdoid tumor of the kidney resembles Wilms tumor except
that curvilinear calcifications are more likely in malignant
rhabdoid tumor and subcapsular hemorrhagic fluid collections
are described as characteristic [30].

Prognosis is poor, with only 8.7% survival with treatment
in a small number of prenatally diagnosed cases. Presence of
metastases nearly ensures fatality [19]. The 5-year survival for
children diagnosed in their first 7 months of age remains bleak
at 16% [24].

Clear cell sarcoma of the kidney

Clear cell sarcoma of the kidney accounts for 2.5% of
renal tumors diagnosed prenatally through the first
2 months after birth based on pathology literature [19].
It is referred to as the “bone metastasizing tumor,”
though it also metastasizes to lymph nodes, lung and
liver, and less commonly to soft tissue, brain, skin, co-
lon and the contralateral kidney [31]. It presents as a
large centrally located, well-circumscribed mass.
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Heterogeneity from cysts, necrosis and hemorrhage
might occur. Rarely it extends into the renal vein [31].

In children younger than 3 months, clear cell sarcoma of
the kidney tends to be low-stage [24], with better prognosis in
prenatally than postnatally diagnosed tumors [32], and there is
86% survival with treatment in the rare fetal/perinatal cases
[19].

Suprarenal mass lesions

The differential diagnosis for suprarenal mass lesions in-
cludes adrenal hemorrhage, neuroblastoma and
subdiaphragmatic extralobar pulmonary sequestration.
Adrenal hemorrhage and neuroblastoma tend to be on the
right side and diagnosed in the third trimester, whereas
sequestration tends to be on the left side and diagnosed in
the second trimester. Imaging evaluation of echogenicity,
vascularity, cysts, MR signal, adrenal involvement, spine
involvement and diaphragmatic defect are all key findings
to narrow the differential diagnosis (Table 3).

There have been case reports of other rare lesions including
adrenal cortical adenoma [33, 34] and adrenal carcinoma [35].
Neuroblastoma in situ describes a microscopic focus of ma-
lignant neuroblastoma in a macroscopic cyst visible on imag-
ing. Rarely, isolated adrenal cysts have been described, and
there have been cases of a simple-appearing perinatal adrenal
cyst evolving to a complex cyst and then a complex mass, and
later confirmed as neuroblastoma [36, 37].

Neuroblastoma

Neuroblastoma is a tumor of postganglionic sympathetic neu-
rons found in young children. Neuroblastoma detected in
utero or in the first month of age is rare, but it is the most
common perinatal malignancy. It most commonly arises in the
adrenal gland (74.5%), though non-adrenal retroperitoneal
(11.8%) and extra-abdominal locations have been reported
prenatally [38, 39]. Perinatal neuroblastoma tends to be less
aggressive than childhood neuroblastoma, with favorable his-
tology in 86% [38]. Perinatal neuroblastoma demonstrates
elevated urine catecholamines in a little more than half of
cases based on a large retrospective study in the pathology

literature [38]. Conversely, reports regarding neuroblastoma
in children typically cite 90-95% of cases with elevated urine
catecholamines.

Prenatally, neuroblastoma is typically identified by US im-
aging in the third trimester as a cystic, mixed cystic and solid,
or heterogeneous solid suprarenal mass (Figs. 8 and 9). There
is a slight predilection for the right side in larger studies, with
neuroblastoma occurring on the right about 60% of the time
[40—42]. Solid components often have Doppler flow, and the
septa in cystic neuroblastomas might show Doppler flow.
Calcifications are sometimes present but are not as common
in perinatal neuroblastoma as in childhood neuroblastoma. On
fetal MRI, neuroblastoma demonstrates heterogeneous inter-
mediate signal intensity that is less T2-hyperintense than the
lung [43].

Prenatal MRI is useful to confirm adrenal location, exclude
spine involvement and evaluate for metastases. In a multicen-
ter review of suprarenal masses, MRI was a useful adjunct to
US to correctly diagnose cases that were equivocal on US and
to identify liver metastases [43].

MRI might not add much to characterizing the primary
lesion for the cystic neuroblastoma subtype. Because cystic
neuroblastomas can have superimposed hemorrhage, presence
of hemorrhagic MR signal could be from neuroblastoma with
tumoral hemorrhage or from adrenal hemorrhage without tu-
mor. Follow-up over time is useful in those cystic neuroblas-
toma cases. For cystic perinatal neuroblastoma, about 1/3 de-
crease in size with increased complexity, 1/3 do not change in
size but demonstrate increased heterogeneity, and 1/3 demon-
strate no change in size or appearance on follow-up imaging
[42].

In fetuses and neonates, half or more neuroblastomas are
the cystic subtype, which is thought to represent neuroblasto-
ma in situ [38, 42]. Cystic neuroblastoma is distinct in that it is
less likely to demonstrate elevated urine catecholemines than
solid tumors, has better survival, is a lower stage at diagnosis,
and is less likely to metastasize [41, 42]. Survival for children
diagnosed before birth (88%) is better than for those diag-
nosed postnatally (64%), and there is improved survival for
cystic neuroblastoma (92%) compared to non-cystic neuro-
blastoma (70%) [38]. Spontaneous regression of neuroblasto-
ma has been documented in mass-screening studies in infants
[44].

Table 3  Comparative features of suprarenal masses
Neuroblastoma Adrenal hemorrhage Sequestration
Right>left Right>left Left>right

3rd trimester 3rd trimester

2nd trimester

Heterogeneous, cysts, variable echogenicity, Variable echogenicity and signal, early hyperechoic, T1-W hyperintense Homogeneous, hyperechoic,

intermediate to high T2-W signal < lung
Adrenal/spine involvement

Changes over time, decreasing in size and echogenicity

high T2-W signal > lung
Associated diaphragm defect
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Fig.8 Neuroblastoma. Prenatal MRI in a 37-week fetus with a large solid
left-upper-quadrant congenital neuroblastoma. a Coronal T2-W single-
shot fast spin-echo (SSFSE) MRI demonstrates a large heterogeneous
solid mass (M) arising from the left adrenal gland (thin arrows) that
displaces the kidney (thick arrows). It shows intermediate signal and

The liver is the main site of metastasis for neuroblastoma in
this age group (Fig. 9), followed by bone marrow, skin, lungs,
lymph nodes, placenta and pancreas [38]. Solid tumors are
more likely to metastasize than cystic tumors [42, 43, 45].
Children with intraspinal extension have increased risk for
irreversible paralysis regardless of treatment [38].

Complications include hemoperitoneum from tumor rup-
ture, respiratory distress caused by metastatic hepatomegaly
with lung compression, compression of lungs secondary to
primary tumor size, and stillbirth. Cardiac malformations have
been associated with neuroblastoma in 10-20% of cases, so
cardiac screening is warranted [38].

Adrenal hemorrhage

Adrenal hemorrhage might occur secondary to perinatal dis-
tress such as hypoxia, septicemia, birth trauma or bleeding
disorder, but it has also been observed in the absence of a
known physiological stressor and in cases of Beckwith—
Wiedemann syndrome. Adrenal hemorrhage is more common
in large babies. The incidence is approximately 0.28-0.55%

MED TO LEFT
KIDNEY

Fig. 9 Neuroblastoma with metastases. Postnatal imaging of a newborn
girl at 0 days of age with placental metastases at delivery, which
prompted this postnatal abdominal US imaging; longitudinal images
shown. a Left upper quadrant suprarenal mass replaces the adrenal

hypointensity relative to lung. b The mass (M) is hyperintense on
coronal diffusion-weighted MR imaging. ¢ Restricted diffusion is
confirmed with low signal in the mass (M) on the apparent diffusion
coefficient map, as expected for a small round blue cell tumor. Images
courtesy of Dr. Chris Cassady

and it can be asymptomatic [46, 47]. It has been proposed that
compression during birth causes vascular rupture, or that tran-
sient hypotension or hypoxia might cause hemorrhage [48].
The right adrenal vein is relatively shorter than the left and has
been proposed as a reason for preferential hemorrhage; it oc-
curs on the right more often than left and is bilateral in 5-10%
[41, 48].

On imaging, hemorrhage is either adreniform or mass-like.
It is acutely echogenic, then becomes more hypoechoic and
anechoic as it liquefies. As it resolves it might resorb and
disappear or there might be calcification within months [41].
The signal on MRI is variable on T2-W imaging, hyperintense
on T1-W imaging, and markedly hypointense on echoplanar
imaging and gradient echo imaging because of hemosiderin
(Fig. 10).

Differentiating adrenal hemorrhage from cystic neuroblas-
toma can be challenging. They are both more commonly
right-side suprarenal tumors identified in the third trimester,
though they can occur on either side. In a study analyzing
multimodality appearance of 16 congenital cystic neuroblas-
tomas and 14 hemorrhagic pseudocysts, there was no

LONG RT|

gland. It is peripherally solid and echogenic with Doppler flow
(arrows) and central complex cystic component. b There are
innumerable hyperechoic metastases in the liver
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Fig. 10 Adrenal hemorrhage. Prenatal imaging in a 29-week fetus with a
cloacal malformation, anhydramnios, pulmonary hypoplasia and adrenal
hemorrhage. a Longitudinal ultrasound demonstrates adreniform
hyperechogenicity above the kidney (arrows). b Sagittal T1-W MRI
demonstrates adreniform hyperintense signal of hemorrhage (arrows). ¢

significant difference in the presence of a solid-appearing
component, septa, enhancement, or presence of echoes in flu-
id; however, tiny calcifications (n=3) and vascular flow in the
wall (n=3) were seen only in neuroblastomas. Follow-up over
25-150 days revealed that all the adrenal hemorrhages re-
solved with or without small calcifications. Neuroblastomas
that were not initially resected decreased in size over 45—
90 days and became more complex but did not resolve. It is
hypothesized that the cystic component resorbs and solid
component increases over time [41]. Prenatal MRI to look
for signal characteristics of neuroblastoma versus hemor-
rhage, spinal involvement, or metastases should be performed
prenatally, and sonographic follow-up should be performed
postnatally.

Subdiaphragmatic extralobar bronchopulmonary
sequestration

Bronchopulmonary sequestrations are composed of dysplastic
lung tissue with systemic arterial supply and lack of airway
communication. They are divided into intralobar and
extralobar depending on pulmonary versus systemic drainage
and relationship to normal lung pleura. They are relatively
common in terms of fetal lung lesions. Extralobar sequestra-
tions are more common than intralobar sequestrations when
detected prenatally [49]. Those located outside the chest are
extralobar and are relatively uncommon, with up to 15% of
sequestrations being intra-abdominal, up to 5% trans-dia-
phragmatic, and up to 2.8% intra-diaphragmatic [49, 50].
Arterial supply for abdominal lesions is usually from the aorta
or celiac axis. Regardless of location, a sequestration—
congenital pulmonary airway malformation (CPAM) hybrid
lesion can occur. Subdiaphragmatic extralobar
bronchopulmonary sequestration is detected in the second
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Coronal T2-W half-Fourier acquisition single-shot turbo spin-echo
(HASTE) MRI demonstrates an enlarged heterogeneous and
predominantly hypointense left adrenal gland (arrows) in comparison to
the normal right adrenal gland (arrowheads)

trimester and its growth plateaus at about 26 weeks of gesta-
tion, similar to CPAM, and then it becomes smaller and more
isoechoic [49].

Sequestrations are usually homogeneous unless they con-
tain cysts. They are more hyperechoic than lung on US imag-
ing, and the T2 hyperintensity is between that of lung and
amniotic fluid. A feeding systemic artery also supports this
diagnosis. They are associated with diaphragmatic defects
(Fig. 11) [43, 51]. Pulmonary sequestration is associated with
congenital diaphragmatic hernia, diaphragm eventration, dia-
phragm paralysis, pericardial defects, foregut malformations,
ectopic pancreas, vertebral anomalies and pectus excavatum
[50, 51].

Outcome data specifically for subdiaphragmatic extralobar
bronchopulmonary sequestration are limited because these se-
questrations are rare and are only included as a small subset in
large studies of pulmonary sequestrations. Many
subdiaphragmatic extralobar bronchopulmonary sequestra-
tions are resected for risk of infection or malignant degenera-
tion, and some are resected for symptoms related to mass
effect or infection. However, some authors advocate imaging
follow-up without surgery in asymptomatic children, and
there have been case reports of spontaneous resolution
[52-54]. Most extralobar sequestrations do not get infected
unless there is a communication with the gastrointestinal sys-
tem. There are only rare case reports of malignancy arising in
an extralobar sequestration [54].

It is important to differentiate neuroblastoma from
subdiaphragmatic extralobar bronchopulmonary sequestra-
tion, particularly because a sequestration might not require
resection. Prenatally, neuroblastoma tends to be on the right
side, shows intermediate signal on T2-W imaging and less
intensity than the lung, usually involves the adrenal gland or
spine, and is not associated with diaphragmatic defects.
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Fig. 11 Bronchopulmonary
sequestrations. Prenatal imaging
of a subdiaphragmatic extralobar
pulmonary sequestration
identified in the second trimester.
a Axial US image at 20 weeks of
gestation demonstrates a
hyperechoic mass (calipers)
medial to the stomach (S%) in the
left upper quadrant that extends
across the midline spine (Sp). b
Sagittal half-Fourier acquisition
single-shot turbo spin-echo
(HASTE) image from a fetal MRI
study at 27 2/7 weeks of gestation
shows that the mass (M) is
separate from the adrenal gland
(arrowheads) and posterior to the
stomach (S7). ¢ Coronal HASTE
MRI demonstrates the mass (M)
in the left upper quadrant of the
abdomen, extending through a
diaphragm defect into the right
lower chest. The mass is
hyperintense relative to lung but
less intense than amniotic fluid
and urine in the bladder. d Axial
HASTE MRI demonstrates the
flow void of the systemic vessel
(arrowhead) supplying the mass
(M). The spine (Sp) and stomach
(S?) are labeled for orientation

Subdiaphragmatic extralobar bronchopulmonary sequestra-
tion is more often on the left side, demonstrates homogeneous
hyperintense T2-W signal between lung and amniotic fluid, is
separate from the adrenal gland and spine, and is sometimes
associated with a diaphragmatic defect [40, 43].

Other tumors and mimics
Teratoma

Teratoma is a heterogeneous mass with solid, cystic, fatty and
calcific components possible. Regarding intra-abdominal tu-
mors, most are sacrococcygeal teratomas. Yolk sac tumor is
the malignant germ cell tumor most likely to occur in the
perinatal period, and this adversely impacts prognosis. It can
occur alone or with a teratoma and is most commonly seen
with sacrococcygeal teratomas (10%) [55]. More commonly,
poor prognosis for fetal sacrococcygeal teratomas is related to
vascular shunting, hydrops and mass effect. Sacrococcygeal
teratomas make up 40% of all fetal teratomas [55]. There are
case reports of purely abdominal teratomas, usually arising

from the gonads, specifically in undescended testes in the
fetus [56—60]. Perinatal gastric, retroperitoneal, liver and ile-
um teratomas have been reported in the pathology literature
[55].

Fetus in fetu

Teratoma can be differentiated from fetus in fetu by the pres-
ence of a vertebral column in the latter, and some argue that
limbs should be present as well [61]. Fetus in fetu is most
commonly found in the retroperitoneum.

Abdominal cysts

Any abdominal cyst has the potential to hemorrhage and ap-
pear complex, mimicking a solid mass. Meconium peritonitis
and meconium pseudocyst sometimes mimic a solid mass
because of their complexity. T1-W hyperintense signal on
MRI helps to differentiate hemorrhage and meconium from
solid tumors. Also, some mass lesions are mixed solid and
cystic, particularly mesenchymal hamartoma and cystic neu-
roblastoma. Although a detailed review of cystic abdominal
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Table 4 Differential diagnoses of cystic fetal abdominal masses, which can mimic a solid mass if complex, based on location

Right upper quadrant Left upper quadrant Mid-abdomen Retroperitoneal Low abdomen/ Any location
pelvis
Choledochal cyst Splenic cyst Lymphatic cyst Urinary tract dilation Ovarian cyst Alimentary duplication cyst

Hepatic cyst Gastric duplication cyst Meconium
pseudocyst

Duodenal duplication cyst Pancreatic tail cyst Pancreatic body cyst

Duodenal atresia/stenosis
Gallbladder duplication
Pancreatic head cyst

Cystic renal disease  Hydrometrocolpos ~ Dilated bowel

Urinoma Ureterocele Cystic teratoma

Adrenal cyst Urachal cyst
Lymphatic cyst Megacystis
Cloaca
Anterior sacral
meningocele
Sacrococcygeal
teratoma

masses is beyond the scope of this paper, Table 4 lists the
differential diagnoses of fetal cystic masses based on location
in the abdomen. The more commonly encountered fetal ab-
dominal cysts include ovarian cyst, urinary tract dilation,
multicystic dysplastic kidney, choledochal cyst, bowel dila-
tion, enteric duplication cyst, and lymphatic cyst (including
mesenteric, omental and retroperitoneal) [62].

Ovarian tumor

Ovarian cysts are common, but there are rare reports of ovar-
ian malignancies that have a solid component and are present
in the abdomen [63]. Ovarian torsion, with or without a cyst,
might also present as a complex abdominal or pelvic prenatal
mass in a female [64].

Conclusion

Solid fetal or perinatal abdominal tumors are rare and are
identified in the second and third trimesters. All abdominal
tumors are at risk for mass effect resulting in cardiopulmonary
compromise from vascular compression and pulmonary hy-
poplasia or gastrointestinal obstruction, so serial US imaging
during pregnancy should be performed to monitor for compli-
cations. Large masses can also predispose to abdominal dys-
tocia and impact decisions regarding cesarean section, though
the decision is largely based on obstetric indications because
there are no evidence-based guidelines regarding abdominal
circumference or tumor size [1, 23, 25].

The most common primary fetal liver tumors include hem-
angioma, mesenchymal hamartoma and hepatoblastoma.
Mesenchymal hamartoma is predominantly cystic, and hem-
angioma and hepatoblastoma are predominantly solid. Rapid
growth supports a malignant hepatoblastoma diagnosis.
Postnatal enhancement pattern is useful to confirm the
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diagnosis, and serum alpha-fetoprotein is not useful to diag-
nose hepatoblastoma.

The most common renal tumors include congenital
mesoblastic nephroma, Wilms tumor, malignant rhabdoid tu-
mor of the kidney, and clear cell sarcoma of the kidney. MRI
is useful to look for clues to re-order the differential diagnosis,
but nephrectomy and pathology are diagnostic. Renal tumors
put fetuses particularly at risk for polyhydramnios and preterm
labor. Postnatal MRI or CT and staging should be performed
preoperatively.

The differential diagnosis for a suprarenal mass includes
neuroblastoma, adrenal hemorrhage and subdiaphragmatic
extralobar sequestration. Neuroblastoma and adrenal hemor-
rhage tend to be on the right side and sequestration on the left.
Neuroblastoma and hemorrhage involve the adrenal gland and
might appear cystic, solid or mixed. MRI signal, presence of
metastases, and follow-up over time differentiate neuroblasto-
ma from hemorrhage. Subdiaphragmatic extralobar sequestra-
tion is separate from the adrenal gland and spine, is more
homogeneous and T2-hyperintense than neuroblastoma, and
might be associated with a diaphragm defect. The diagnosis is
typically narrowed reliably prenatally, so that only US follow-
up is performed unless neuroblastoma is the prenatal
diagnosis.

A systematic approach including US and MRI to identify
the organ of origin and imaging characteristics narrow the
differential diagnosis.
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