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Introduction
Although hepatic tumors are uncommon and account for approximately 5% of the total tumor 

types occurring in the fetuses and neonates, giant hepatic hemangioma and hepatoblastoma are 
frequently diagnosed fetal liver tumors, among which large hepatic hemangioma is related to life-
threatening perinatal complications [1]. Therefore, it is extremely essential to choose an appropriate 
management strategy to improve the outcome for fetuses with liver tumors, which depends 
on prenatal diagnosis [2]. Identifying these masses, however, could be challenging by means of 
imaging. Besides, differential diagnosis is sometimes required when retroperitoneal tumors with 
unclear boundary exist in the upper abdomen due to similar imaging features between them.

Ultrasonography (US) is the first choice of prenatal imaging modality for evaluating fetal liver 
lesions. In recent years, fetal magnetic resonance imaging plays an increasingly important role in 
the diagnosis of fetal abnormalities and evidence has arisen supporting the notion of fetal Magnetic 
Resonance Imaging (MRI) as an important adjunct to US in assessing retroperitoneal or hepatic 
abnormalities in fetuses [3-5]. Meanwhile, the principle of MRI exploits water protons in biologic 
tissue, leading to MRI possessing no exposure to ionizing radiation. Utilization of MRI could benefit 
vulnerable population, especially pregnancies and children. In view of the association between fetal 
tumors and possibility of worse outcome, the potential of fetal MRI as an important adjunctive 
prognostic imaging test in fetuses with upper abdominal tumors can now be tested. However, in 
utero diagnosis of hepatic and retroperitoneal tumors on fetal MRI, which has been considered 
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as an adjunct to US for various indications in prenatal diagnosis, is 
sparsely investigated. When evidence exists for health-care systems 
to consider introduction of MRI as an evaluating test for prenatal 
diagnosis, there might be opportunity to optimize standards to 
improve this technique in clinical application [6]. Further research 
is needed to confirm whether this modality is validated in clinical 
practice.

We therefore aimed to demonstrate the visualization of hepatic 
and retroperitoneal tumors in the current study, and evaluated the 
significance of the findings on MR images.

Subjects and Methods
Subjects

Our study was approved by our institutional review board 
(Xijing Hospital, Fourth Military Medical University) and written 
consent was obtained from all maternal before enrollment. Between 
February 2013 and November 2014, a total of 267 pregnant women 
who were referred to our institution for further prenatal examination, 
among which five pregnancies (median age, 27 years old; range, 26 
years to 29 years old) with five fetuses (mean gestational age, 27 
weeks; range, 24 weeks to 28 weeks) ultrasonographically suspected 
of upper abdominal masses were included in this study. Each case 
was discussed at a multidisciplinary team meeting prior to fetal MRI 
evaluation. Gestational age was based on last menstrual period. They 
were confirmed by pathologic examination of specimens obtained 
from surgical resection.

MRI Scanning
MRI was performed, according to a standardized protocol, on 

a 1.5 T unit (Philips Gyroscan Intera). The patients were placed in 
a supine, head-first position in the magnet. Neither the mother 
nor the fetus was sedated. The fetus was examined using an eight-
channel phased array abdominal coil. The following sequences were 
used: a T2-Weighted (T2-W) Single-Shot Turbo-Spin Echo (SSTSE) 
sequence (TR/TE 1200/200 ms, NEX 1, flip angle 90°, matrix 320 × 
250, field of view 250 mm × 250 mm, slice thickness 3 mm, section 
gap 0.3 mm, acquisition time 30 sec) and a T1-Weighted (T1-W) 
Water Selective (WATS) sequence (TR/TE shortest/shortest, NEX 1, 

flip angle 80°, matrix 256 × 256, field of view 250 mm × 250 mm, slice 
thickness 3 mm, section gap 0.3 mm, acquisition time 14.7 sec). Both 
sequences were obtained in three orthogonal planes.

Image analysis
Two radiologists (X.T. and H.Y.) with more than ten years of 

experience in MRI prospectively evaluated ultrasonography and MRI 
data in random order, respectively. Radiologists’ reads were blinded 
to the exact clinical information, and they were not aware results on 
each other at the time of review, although each case had a suspected 
abdominal lesion. A finding was considered “suspicious” on images if 
it could not be confirmed in more than one plane and excluded from 
the current study.

Results
Fetal MRI was performed on 267 pregnant women, among 

whom five pregnant women ultrasonographically suspected of upper 

Figure 1: Fetus with a hepatic hemangioendothelioma measuring 2.9 cm 
× 3.3 cm × 3.0 cm at 27 gestational weeks (case 1). Axial (A), coronal 
(B), and sagittal (C) T2W MR images demonstrated a heterogeneously 
hyperintense poor-defined mass (thick arrow) in the left hepatic lobe. The 
mass is heterogeneously hypointense on T1W-WATS image, with point-like 
high signal intensity within the mass (arrowhead, D). Biliary duct is seen near 
the mass (thin arrow). DW image shows high signal intensity in the center of 
the mass (arrowhead, E). Histopathological findings were used to confirm 
hepatic hemangioendothelioma (F). (Original magnification, x200).

Figure 2: Fetus with a hepatic hemangioendothelioma measuring 2.9 cm 
× 5.5 cm × 2.3 cm at 28 gestational weeks (case 2). Axial (A), coronal (B), 
and sagittal (C) T2-weighted MR images demonstrate a heterogeneously 
hyperintense irregularly shaped mass (arrow) in the right hepatic lobe, with 
well-marginated border. The mass is heterogeneously hypointense on T1W-
WATS image, with local point-like high signal intensity (arrowhead, D). DW 
image shows mildly hyperintense mass (E). Histopathological findings were 
used to confirm hepatic hemangioendothelioma (F). (Original magnification, 
x200).

Figure 3: Fetus with a hepatoblastoma measuring 5.5 cm × 3.7 cm × 5.6 
cm at 24 gestational weeks (case 3). Axial (A), coronal (B), and sagittal 
(C) T2-weighted MR images demonstrate a heterogeneously hyperintense 
irregularly shaped mass (arrow) arising from the right hepatic lobe, with 
unclear boundary and patch-like low signal intensity (arrowhead) within the 
mass. The mass is heterogeneously hypointense on T1W-WATS image, with 
local low signal intensity (arrowhead, D). DW image shows local mildly high 
signal intensity in the mass (arrowhead, E). Histopathological findings were 
used to confirm hepatoblastoma (F). (Original magnification, x200).
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abdominal masses had abnormal MRI results. Of the five fetuses 
ultrasonographically suspected of upper abdominal masses, two were 
pathologically diagnosed as hepatic hemangioendothelioma, two as 
neuroblastomas, and one as hepatoblastoma. Refer to Table 1 for 
detailed information of these lesions.

Figure 1 and 2 shows the two fetuses with hepatic 
hemangioendotheliomas. T2W-SSTSE axial, coronary, and sagittal 
planes showed that the masses with heterogeneously high signal 
intensity ranging from 2.3 cm to 5.5 cm in diameter. One poor-
defined mass located in the left hepatic lobe (Figure 1), and another 
relatively well-defined masses in the right (Figure 2). They were 
heterogeneously hypointense on T1W-WATS axial images with 
local point-like high signal intensity considered as hemorrhage. The 
biliary duct was observed near the mass on coronary images in one 
case (Figure 1A and 1D). In addition, DW images showed high signal 
intensity in the center of one mass representing hemorrhage (Figure 
1E), and one mildly hyperintense masses (Figure 2E).

An isolated large hepatoblastoma measuring 5.5 cm × 3.7 cm × 
5.6 cm was detected in one fetus, as shown in Figure 3. T2W images 
demonstrated a heterogeneously hyperintense irregularly shaped 
mass arising from the right hepatic lobe, with unclear boundary and 
patch-like low signal intensity within the mass (Figure 3A-3C). It was 
heterogeneously hypointense on T1W image and with local mildly 
high signal intensity on DW image (Figure 3D and 3E).

Another two cases had retroperitoneal masses pathologically 
diagnosed as neuroblastomas (Figure 4 and 5). The masses with well-
marginated borders were heterogeneously hyperintense on T2W and 
DW images and hypointense on T1W images, ranging from 1.8 cm to 
4.5 cm in diameter. One lobulated mass had mottled higher T2, lower 
T1, and low DW signal intensity within the mass representing cystic 
degeneration (Figure 4). But local low signal intensity was observed 
within another mass on T2W images (Figure 5).

In order to hemi-quantitatively assess these lesions, we performed 
image analysis using signal intensity score as + (high) and - (low). 
Table 1 lists imaging features of all the lesions.

Discussion
In this study we demonstrated that prenatal MRI provided 

the common and unique imaging features for infantile liver 
hemangioendotheliomas, hepatoblastoma, and neuroblastoma. MRI 
is effective in detecting and assessing upper abdominal tumors in 
fetuses.

Although there is no precise incidence in this area currently, a 
previous review highlighted hemangioendothelioma as a frequently 
diagnosed fetal and neonatal liver tumor [7]. In 1982, Weiss and 

Enzinger [8] proposed that the term hemangioendothelioma 
should be restricted to those vascular neoplasms showing a 
borderline biological behavior, intermediate between entirely benign 
hemangiomas and highly malignant angiosarcomas. In recent 
pathological classification, this meaning of hemangioendothelioma 
was still used by Requena and Kutzner [9]. Albeit intermediate 
between benign and malignant tumor, hemangioendothelioma 
might elicit life threatening complications, including high output 
heart failure, consumptive coagulopathy, hemolytic anemia, and 
tumor rupture, resulting in fetal death [10]. As reported, the neonatal 
mortality rate of infants with large liver hemangioendotheliomas is 
70% to 90% [11]. Therefore, it is extremely essential to choose an 
appropriate management strategy to improve the outcome for fetuses 
with hemangioendothelioma, which depends on prenatal diagnosis.

It is essential to provide the best information to the future parents 
about the nature of the hepatic hemangioendothelioma and the likely 
clinical outcomes, which depends on making accurate diagnosis 
of the abnormality in fetus [12]. It has been purported relatively 
high for the neonatal mortality rate of fetuses with infantile liver 
hemangioendotheliomas [11]. Hence, fetal abnormalities should be 
highlighted in obstetric clinical practice. Generally speaking, fetal 
hepatic hemangioendotheliomas are heterogeneously hyperintense 
on T2W images and hypointense on T1W images, with mild high 

Case Age (y) Gestational 
age (w) Location Signal intensity Internal features Pathological type

T2 T1 DWI High T1 signal 
intensity

Low T2 signal 
intensity

Low T1 and high T2 
signal intensity

1 28 27 Left lobe ++ - ++ + Hepatic 
hemagioendothelioma

2 27 28 Right lobe + -- + + Hepatic 
hemagioendothelioma

3 27 24 Right lobe + - ++ + hepatoblastoma

4 29 26 Left 
retroperitoneum ++++ --- ++++ + neuroblastoma

5 26 27 Left 
retroperitoneum +++ --- +++ + neuroblastoma

Table 1: Findings on Fetal MRI.

Analysis of the image by signal intensity score as + (high) and - (low)

Figure 4: Fetus with a retroperitoneal neuroblastoma measuring 3.6 cm × 
3.0 cm × 4.5 cm at 26 gestational weeks (case 4). Axial (A), coronal (B), 
and sagittal (C) T2-weighted MR images demonstrate a heterogeneously 
hyperintense lobulated mass (arrow) in the left upper abdomen, with well-
marginated border and mottled higher signal intensity (arrowhead) within 
the mass considered as cystic degeneration. The mass is heterogeneously 
hypointense on T1W-WATS image, with point-like lower signal intensity 
(arrowhead, D). DW image shows a hyperintense mass arising from 
the retroperitoneum, with central low signal intensity representing cystic 
degeneration (arrowhead, E). Histopathological findings were used to 
confirm neuroblastoma (F). (Original magnification, x200).
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DW signal intensity. They present local point-like high T1 and DW 
signal intensity considered as hemorrhage. Taken together, fetal MRI 
could be regard as a tool for parental counseling.

Since MRI provides excellent soft tissue contrast, it can identify 
the organ origin of fetal abdominal mass and the relationship between 
them and the surrounding organs. On the basis of the liver tumor 
with varying degrees of hemorrhage and necrosis, MRI findings 
show significant differences. In detail, on T1W-WATS sequence 
hemangioendothelioma present as a mass with clear boundary and 
is heterogeneously hypointense and point-like high signal intensity 
can be seen within the mass. High signal observed within the mass 
contributes to the qualitative diagnosis as hemorrhage. On SSTSE 
sequence the tumor demonstrates heterogeneously high signal 
intensity, and the internal necrosis shows patch-like high signal. 
US axial plane showed that a hypoechoic mass in the right lobe of 
fetal liver. Color Doppler flow imaging showed that flowing signal 
in the mass edge. These features on MR images can make up for 
the limitation of US, on which hyperechoic; hypoechoic or mixed 
echo mass could not provide clear information for the condition of 
hemorrhage and necrosis. In addition, a case report by Dong et al. 
[5] shows an enlarged artery originating from the abdominal aorta, 
which supplied the hepatic hemangioendothelioma, as well as the 
distal abdominal aorta with a small caliber due to the presence of 
intrahepatic arteriovenous shunting, but no case had similar feature 
in our present study.

The differential diagnosis of fetal liver tumors includes hepatic 
hemangioendotheliomas, hepatoblastoma, and mesenchymal 
hamartoma. Imaging of hepatoblastoma has been infrequently 
reported prenatally using US, and only rarely using MRI [13-17]. As 
reported by Al-Hussein et al, prenatal MRI at 34 weeks implicated 
solitary mass confirmed as hepatoblastoma by biopsy [16]. In a 
previous MRI-based prenatal diagnosis study, T2W image showed 
large hyperintense mass pathologically confirmed as hepatoblastoma 
with central necrosis in a fetus at 35 weeks [17]. In our present study, 
distinguishing features of a hepatoblastoma on fetal MRI include 
large lesion size, unclear boundary, patch-like low signal intensity 
within the mass, and higher DW signal intensity compared with 

Figure 5: Fetus with a retroperitoneal neuroblastoma measuring 2.7 cm × 2.0 
cm × 1.8 cm at 27 gestational weeks (case 5). Axial (A), coronal (B), and sagittal 
(C) T2-weighted MR images demonstrate a homogeneously hyperintense 
mass (arrow) next to the vertebra, with well-marginated border and local 
low signal intensity (arrowhead). The mass is heterogeneously hypointense 
on T1W-WATS image (D). DW image shows a hyperintense mass arising 
from the retroperitoneum, with local higher signal intensity (arrowhead, E). 
Histopathological findings were used to confirm neuroblastoma (F). (Original 
magnification, x400).

hepatic hemangioendothelioma.

In addition to liver tumors, we detected two fetuses with 
neuroblastomas in the current study. It is obviously liable to 
distinguish neuroblastoma from liver lesion due to the location of the 
lesion, as well as more hyperintense on DW images and the feature 
of cystic degeneration. The location of neuroblastoma can vary due 
to originating from any site along the sympathetic nervous system 
chain. Garnier et al. [18], Maki et al. [19], and Blackman et al. [20] 
reported prenatal MRI features of fetal intrarenal, suprarenal, and 
paraspinal neuroblastomas, respectively. The appearance of infantile 
neuroblastoma on MRI depends on whether the lesion is solid or 
cystic. Both types have a low signal on T1W images, whereas cystic 
areas have markedly high signal intensity on T2W images, and solid 
components have moderately high signal intensity [19]. In line with 
these findings, fetal neuroblastoma presented increased T2 and 
decreased T1 signal intensity in our current study.

In the last decade, convergent findings have been noted the 
superiority of fetal MRI to detect cases with fetal tumors, indicating 
prenatal MRI could be a supplementary method in the diagnosis of 
fetal tumors [6,21-23].

In summary, by combining data from fetuses with upper 
abdominal tumors, our study goes beyond prior studies to provide an 
imaging-level perspective on this infantile liver and retroperitoneal 
tumors, and demonstrates that MRI is effective in detecting and 
assessing fetal liver hemangioendotheliomas, hepatoblastoma, 
and neuroblastomas. MRI is helpful to distinguish hepatic and 
retroperitoneal tumors. Furthermore, these findings are important 
because prenatal MRI may be a useful adjunct to US in assessing fetal 
lesions.
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