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Lipoblastoma: computed tomographic and magnetic resonance
imaging features correlate with tumor behavior and pathology
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Abstract
Background Lipoblastoma is a rare benign neoplasm of immature fat cells in children. Imaging appearances are frequently
complex, sometimes simulating liposarcoma.
Objective To characterize features of lipoblastoma on MRI and CT in comparison with recurrence risk.
Materials and methods We identified cases via retrospective review of histopathology-proven lipoblastoma cases in a large
referral database and a pediatric medical center. Two radiologists scored CT and MRI on the basis of lesion features.
Results We included a total of 56 children (32 boys and 24 girls) with a mean age of 2.6 years (range 0.1–13 years). Extremity
lesions were most common (27%), followed by neck (19%), gluteal region (18%), chest (14%) and mesentery (14%). Children
most commonly presented with painless masses (73%), followed by dyspnea (9%), distension (9%) and pain (7%). Non-adipose
soft-tissue components were identified on CT and MRI in 78% of cases. Significant (moderate or marked) septations were noted
in 59% and enhancement in 35%. Compartmental invasion was present in 43% of cases. Of paraspinal cases, 38% involved the
neural foramina or central canal. Lesion complexity did not significantly correlate with age. Recurrence was observed in 9% of
cases and was significantly correlated with compartmental invasion (correlation: 0.303, P=0.009) and septation complexity
(correlation: 0.227, P=0.038) on initial imaging.
Conclusion Although lipoblastoma is a fat-containing entity, many lesions demonstrate marked complexity and local infiltration
that resemble liposarcoma, which is exceedingly rare in younger children. Compartmental invasion and thicker septations appear
to confer greater risk of recurrence following resection.
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Introduction

Lipoblastoma is a rare benign neoplasm of embryonal fat cells
that usually occurs within the first 3 years of age [1–3]. It appears
that these tumors result from the clonal expansion of mesenchy-
mal pre-adipocytes from alterations in the PLAG1 gene on
Chromosome 8 causing transcriptional upregulation that pro-
motes lipoblast proliferation [4]. Lipoblastoma most commonly
occurs at sites with the largest amount of immature fat in the
neonate, with cases reported in the subcutaneous tissues of the
extremities as well as the cervical, paravertebral, mediastinal and
peritoneal regions [1]. When lipoblastoma exhibits a more dif-
fuse appearance, it is often referred to as lipoblastomatosis, al-
though there is no pathological distinction [1]. Because
lipoblastoma is a benign soft-tissue tumor, some have proposed
renaming it as infantile lipoma to reflect its benign behavior
without metastatic potential and ability to mature into lipoma
[5]. Although benign, these lesions can grow and cause signifi-
cant mass effect. Conventional management of lipoblastoma (or
lipoblastomatosis) generally consists of non-mutilating wide lo-
cal excision wherever possible [6, 7].

Lipoblastoma contains predominantly immature fat cells
with thin septations; as such, imaging features generally mir-
ro r tho se o f f a t w i th lucency on rad iog raphs ,
hyperechogenicity on US, hypodensity on CT, and T1-
weighted hyperintense signal and hypointense fat-suppressed
signal on MRI [8, 9]. The presence of complex components
and atypical features in some lipoblastomas has raised concern
for liposarcoma despite the rarity of this diagnosis in children,
especially during the first decade of life [10–12]. Lack of
appropriate imaging or inadequate understanding of imaging
features can lead to inaccurate preoperative diagnoses, as ob-
served in one study in which less than 20% of lipoblastoma
cases were correctly diagnosed preoperatively [6].

Leveraging a large database of pathology-validated cases and
cases at a quaternary academic pediatric medical center, we
provide a comprehensive assessment of advanced imaging fea-
tures and clinical behavior of this rare tumor. We posit that
complex features are observed in many cases and that complex
imaging features might be more prevalent in younger patients.

Materials and methods

Case identification

We identified cases of lipoblastoma from retrospective review
with two sources: (1) the referral case database of the
American Institute for Radiologic Pathology (n=49) and (2)
a medical record search from a quaternary pediatric medical
center, the Children’s Hospital of Philadelphia (n=7), includ-
ing cases reported between 2011 and 2019. We reviewed all
available imaging studies and relevant clinical information

and anonymized them in accordance with our institutional
review board protocol. The review board approved the study,
and the study complied with the Health Insurance Portability
and Accountability Act. We also reviewed pathology reports,
including testing for PLAG1 mutations when it was per-
formed. Inclusion criteria consisted of histopathological con-
firmation of lipoblastoma or lipoblastomatosis, availability of
cross-sectional imaging consisting of CT or MRI prior to re-
section, and documentation of clinical presentation. Cases
were excluded if pathology was discordant or inconclusive
for lipoblastoma, if CT or MRI was not performed prior to
resection, or if insufficient diagnostic images were available
for review. Imaging protocols were heterogeneous because of
the referral nature of the included database. At least T1-
weighted non-fat-suppressed and either T2-weighted or short
tau inversion recovery (STIR) acquisitions were required for
MRI inclusion in this study.

Imaging review

All available imaging was reviewed in consensus by a mus-
culoskeletal radiologist (M.D.M., 34 years of experience) and
a board-certified pediatric radiologist (A.J.D., 2 years of ex-
perience). In the event of disagreement, an additional muscu-
loskeletal radiologist (J.S.J., 25 years of experience) served as
the tiebreaker. CT andMR images were scored on the basis of
septation complexity (compared against unaffected subcuta-
neous fat); presence of non-adipose components (areas with
hyperdensity on CT, T1-weighted hypointense signal or T2-
weighted hyperintense signal on MRI); and enhancement
(subjective magnitude relative to subcutaneous fat). Scoring
for each imaging feature was conducted on a four-point scale
— none, mild (1–33%), moderate (34–66%) and marked (67–
100%). Compartmental invasion was defined as presence of
tumor beyond the primary anatomical space of lesion origin
and scored as: mild = transfascial spread, muscle infiltration;
moderate = bone remodeling, bowel encasement; and marked
= neurovascular encasement, intraspinal extension. In the
event of both CT and MRI being performed for an individual
case, scoring was based on MRI. When available, US images
were reviewed for general features but study availability and
images were insufficient for formal scoring.

Statistical analysis

We provide descriptive statistics for clinical characteristics
and advanced imaging features. Continuous variables are
summarized using the mean ± standard deviation (SD).
Categorical variables are presented as counts or percentages.
We performed bivariate non-parametric Kendall’s tau corre-
lation analyses to assess associations of imaging features with
age as well as clinical and imaging features with recurrence.
Statistical significance was defined at the 0.05 level. All
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analyses conducted in this study were performed using SPSS
Statistics for Macintosh, version 23.0 (IBM, Armonk, NY).

Results

Patient characteristics

Fifty-six children were included in this study. Case character-
istics are detailed in Table 1. Children with lipoblastoma had a
mean age of 2.6 years at initial diagnosis with 82% being
3 years or younger. A male predilection of 1.3:1.0 was ob-
served in this series. Most commonly, lipoblastoma presented
as an asymptomatic mass (73%), with the extremities as the
most commonly involved site followed by the neck, gluteal
region, chest and abdomen (Table 1). Deep location (intra-
muscular, intermuscular or intracavitary) was approximately
three times more common (77%) than subcutaneous location
(23%). All of the cases in this series tested for PLAG1 (n=10/
10, 100%) were positive for mutations.

Advanced imaging features

Magnetic resonance imaging was available for 71% of pa-
tients and CT for 45% of patients. US was additionally used
in a smaller proportion of cases (29%) and was of insufficient
quality to evaluate in detail. Cross-sectional imaging
consisting of CT and MRI demonstrated fat components to
some extent in all lesions (100%) in this study.

A summary of the combined imaging features fromCT and
MRI for all cases is provided in Table 2. Septations were

moderate or markedly complex in 59% of cases (Fig. 1).
While some cases showed predominantly adipose appearance
(Fig. 2), non-adipose components were present to some extent
in 79% of cases. Non-lipomatous appearance generally
corresponded predominantly to myxoid areas on histopathol-
ogy (Fig. 3). Significant (moderate or marked) enhancement
was observed in 35% of cases. Compartmental invasion was
noted to some extent in 43% of cases, with moderate to
marked compartmental invasion in 22% of cases.

Specific findings of compartmental invasion included
transfascial involvement and muscle infiltration (n=14, 25%,
Fig. 4); neurovascular encasement (n=4, 7%, Fig. 5);
intraspinal extension (n=3, 5%, Fig. 6); mediastinal and tra-
cheal displacement (n=1, 2%, Fig. 6); rib remodeling (n=1,
2%); and bowel encasement (n=1, 2%), which required partial
bowel resection. Of lesions located within the paraspinal soft
tissues near the vertebral column (n=8, Figs. 6 and 7), 38%
(n=3) entered the neural foramen or spinal canal (Fig. 6).

Ultrasound imaging features

All of the lesions imaged with US in this study were
hyperechoic with septations (Fig. 1). US demonstrated rela-
tively limited utility for invasive manifestations of
lipoblastoma because deeper components could not be well-
assessed due to technical limits of sonographic penetration.
We performed no additional analysis of US data because of
the limited nature of US images available in this database.

Lesion complexity and age

Complexity of lipoblastoma on imaging was not significantly
correlated with age. Specifically, the correlation coefficients
of imaging variables with age were 0.081 (P=0.23) for
septation complexity, −0.044 (P=0.34) for non-adipose soft-
tissue components, −0.037 (P=0.38) for enhancement magni-
tude and 0.095 (P=0.19) for deep extension.

Recurrence risk

Recurrence was observed in five cases (9%) with an average
follow-up of 3.0 years and 7% of cases lost to follow-up.
Recurrence occurred at an average of 2.3 years following

Table 2 Combined CT and MRI features of lipoblastoma

None Mild Moderate Marked

Septation complexity 5% 36% 46% 13%

Non-adipose soft-tissue component 21% 32% 34% 13%

Enhancement 22% 43% 31% 4%

Compartmental invasion 57% 21% 11% 11%

Table 1 Lipoblastoma clinical case properties

Age, mean (SD, range) 2.6 years (2.3, 0.1–13.0)

Gender 32 male:24 female

Presentation Palpable mass, 73%
Dyspnea, 9%
Abdominal distension, 9%
Pain, 7%
Dysphagia, 2%

Anatomical site Extremity, 27%
Neck, 19%
Gluteal region, 18%
Chest, 14%
Mesentery, 14%
Axilla, 4%
Scrotum, 4%

Location Deep, 77%
Subcutaneous, 23%

Size, mean (range) 7.9×6.3×4.3 cm (2.3×2.2×1.6
to 18.7×15.4×10.5)

PLAG1 positivity 10/10 (100%)

Recurrence 5/56 (9%)

SD standard deviation
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initial resection (range: 6 months to 4 years). Recurrence risk
was positively correlated with magnitude of deep extension,
or compartmental invasion (correlation: 0.303, P=0.01) and
complexity of septations (correlation: 0.227, P=0.04) on ini-
tial imaging but not with other imaging factors, lesion size or
patient age (Table 3).

Discussion

This large case series of lipoblastoma included a broad
range of clinical presentations and lesion locations, with
extremity lesions and deep soft-tissue involvement noted
most frequently. In keeping with the literature, most cases
in this study occurred in children younger than 3 years
(82%); our oldest case was 13 years. We observed a slight
male predilection with an overall male-to-female ratio of
1.3:1.0, concordant with the 1.4:1.0 ratio reported in the
literature [13].

Despite exhibiting fat components of various extents in all
lesions on imaging, lipoblastoma encountered in this series
often exhibited complex features including thick septations,
non-adipose soft-tissue areas and enhancement on contrast-
enhanced imaging. Others have reported that lipoblasts inher-
ently exhibit slightly lower intensity compared with mature fat
on T1-weighted imaging [8]; complexity on MRI including
marked enhancement, nodular soft-tissue regions and cystic
change have also been reported [9, 11, 14]. These complex
non-adipose components have also been correlated with the
presence of myxoid tissue, cystic degeneration and tumoral
infarction [15, 16]. We observed similar findings with lesions
that were predominantly T2 hyperintense on fat-suppressed
MR imaging, demonstrating mostly myxoid and other non-
lipomatous tissue on histopathology. We hypothesized that
lesion complexity decreases with age, but this analysis did
not find any significant correlation between age and imaging
features, implying that lipoblastoma can be equally complex
at any age of presentation.

Complex fat-containing lesions in young children should
not be confused for malignant entities such as well-

Fig. 2 Lipoblastoma in a 2-year-old girl with palpable gluteal mass. a
Axial T1-weighted MR image delineates a predominantly fat-containing
lesion within the intermuscular gluteal region with moderate septations.
(In an adult, this appearance might suggest a well-differentiated
liposarcoma.) b Gross pathology photograph shows a primarily adipose
lesion, with histopathology confirming lipoblastoma

Fig. 1 Lipoblastoma with septations in a boy age 1 year 7 months with
growing thigh mass and restricted flexion. a Sagittal post-contrast T1-
weighted fat-saturated MR image of the knee shows a complex fat-
containing mass in the deep popliteal fossa with moderate enhancement
of the marked septations within this lesion. (In an adult, these imaging
features would suggest the diagnosis of a well-differentiated or myxoid

liposarcoma.) b Gray-scale US image shows a predominantly
hyperechoic lesion with interspersed hypoechoic septations
(arrowheads). c Histopathology (hematoxylin and eosin stain, 40x
magnification) shows predominantly fat-containing mass in keeping
with lipoblastoma with septations (arrowheads) and myxoid areas
(asterisks)
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differentiated or myxoid liposarcoma, which are exceedingly
rare in young children, especially infants [17]. Other nonma-
lignant entities to be considered include hibernoma and

spindle cell lipoma, although both occur in older adults with
more restricted anatomical distributions than lipoblastoma [3,
17]. As a general rule, the primary diagnostic consideration of
fat-containing soft-tissue masses in children should be
lipoblastoma.

While lipoblastoma is a benign tumor, several cases exhibited
locally aggressive-appearing behavior in this case series with
compartmental invasion. Lipoblastoma can extend through fas-
cial planes and into skeletal muscle (Fig. 4), as seen in 20% of
cases in this series and consistent with prior reports [13].
Previous reports have deemed such intraspinal extension rare,
although a few cases exist in the lipoblastoma literature
[18–21]. Of the eight cases of deep paraspinal lipoblastoma in
this study, three (38%) demonstrated intraspinal extension (Fig.
6). These observations suggest that when a lipoblastoma is
paraspinal in location and demonstrates diffuse infiltration,
intraspinal involvement should be carefully considered and
inspected for on MRI, especially because these deeper compo-
nents are difficult to resect completely without morbidity and
likely portend higher recurrence risk.

Lipoblastoma arising within the neck, chest and abdomen
can have significant growth, resulting in clinically significant
mass effect. Mediastinal and neck lesions can result in respi-
ratory compromise, and dyspnea was common in children
with lipoblastoma in these locations in our study, with tracheal
deviation in one case (Fig. 6), as previously reported particu-
larly in infants [22, 23]. We also observed four cases of
neurovascular encasement in the neck and superior mediasti-
numwhere tumor surroundedmajor vessels and nerves. A few
cases of such neurovascular encasement have been reported in
which lipoblastoma surrounded but did not invade vessel
walls [23]. One such case in this study precluded complete
resection of an intra-abdominal mass because of encasement
of the superior mesenteric artery (Fig. 5).

Fig. 4 Lipoblastoma with diffuse muscle infiltration in a 3-year-old boy
with an asymptomatic foot mass. a Initial lateral foot radiograph
demonstrates a large deep plantar-based soft-tissue mass (arrows) with
lucent areas, mostly proximally (asterisk), suggesting a fat-containing
lesion. b Short-axis T2-weighted MRI highlights diffuse muscle
infiltration with hyperintense signal interspersed with suppressed fat
involving the intrinsic foot muscles including the plantar interossei
(arrows). Histopathology following resection confirmed the diagnosis
of lipoblastoma, and genetic analysis demonstrated a PLAG1 locus
interruption

Fig. 3 Lipoblastoma in a 3-year-old girl with 1-year history of painless
increasing abdominal girth. a Coronal abdominal CT image emphasizes
fat (arrow) and non-adipose components (asterisk) of a large abdominal
mass as well as substantial mass effect of this lesion with pelvicaliectasis
of the right kidney (arrowhead) from compression of the right ureter. (In

an adult, this imaging appearance would raise concern for myxoid
liposarcoma.) b Photomicrograph of complex area with hematoxylin
and eosin stain (10x) confirms dominant myxoid component of this
lipoblastoma
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Conflicting reports exist regarding the frequency of recur-
rence of lipoblastoma following surgical resection, with esti-
mates varying widely from 0% to 33% [1, 6, 9, 13, 24–26].
While our data might be less representative because of the
heterogeneous availability of follow-up, including 7%without
follow-up, we observed a modest but relatively low rate of
recurrence at 9%. Recurrence occurred predominantly in le-
sions in which tumoral extension led to deep components not
amenable to complete resection, with deep extension signifi-
cantly correlated with recurrence; septation complexity was
also associated with recurrence, albeit to a lesser extent.
Others have observed that focal lesions do not tend to recur,
whereas more invasive, diffuse lipoblastoma (often referred to
as lipoblastomatosis) is much more likely to require re-

excision [24]. These deeper tumors are particularly problem-
atic at surgery because of the absence of discrete lesion fea-
tures to discern margins intraoperatively [24]. MRI is unique-
ly suited, with its superior soft-tissue contrast, for delineating
total lesion extent prior to resection and is essential in the
evaluation of any deep lipoblastoma [8]. US has relatively
limited utility for follow-up, aside from well-encapsulated su-
perficial lesions, because it underestimates deep extent and
complex components [8, 9]. There is at least one documented
case of spontaneous resolution of lipoblastoma on follow-up
MRI, with those authors proposing an alternative wait-and-see
approach [27]. None of the cases in the current study was
imaged serially prior to resection to comment on the possibil-
ity of spontaneous involution, and further investigation of the
natural history of these rare lesions is merited to better inform
clinical management.

This was a retrospective case series of lipoblastoma
cases from both a large referral database and a single
tertiary pediatric institution, and availability of follow-up
data was limited for some cases. Lack of long-term fol-
low-up confines our understanding of the natural history

Fig. 6 Lipoblastoma with intraspinal extension in a 3-year-old girl
presenting with dyspnea. a Axial contrast-enhanced CT of the neck
shows intracanalicular extension (arrow) of this complex fat-containing
mass. b Coronal T1-weighted MR image demonstrated leftward
mediastinal shift with tracheal deviation (not pictured) and shows
transcompartmental extension of a fat-containing lesion through the
thoracic inlet (arrow) and intraspinal extension (arrowhead). Pathology
confirmed lipoblastoma

Fig. 5 Lipoblastoma with neurovascular encasement in a 21-month-old
boy with abdominal distension. a Axial contrast-enhanced CT of the
abdomen and pelvis shows encasement of the superior mesenteric
artery and vein (arrow) by a mostly fat-content mass with
heterogeneous areas of moderate non-adipose soft-tissue components
(asterisks). b Intraoperative photograph during laparotomy
demonstrates the mass to be based in the small bowel mesentery and
encase the superior mesenteric artery, precluding complete resection.
Histopathology showed typical findings of lipoblastoma, including fat
cells of various sizes including lipoblasts with interveningmyxoid stroma
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of this benign tumor and might lead to underestimation of
recurrence risk, as discussed. As a referral database, sur-
gical reports, when available, were inadequate to evaluate
the effect of incomplete initial resection on recurrence
risk. In addition, this study potentially overlooked older
children with lipoblastoma because pathology reports
might diagnose maturing lipoblastoma as lipoma instead.
While our study included only cases with histopathology
concordant with lipoblastoma, only a minority of lesions
were tested for causative PLAG1 mutations, precluding
complete assessment of gene mutation analysis compared
with imaging findings. In particular, PLAG1 cytogenetic
testing might aid in the differentiation of lipoblastoma
from myxoid liposarcoma in older children or lesions with
more complex appearances on imaging. Nevertheless, all
of the cases in this series tested for PLAG1 were positive
for mutations, emphasizing both the consistency of

imaging diagnosis in lipoblastoma and the utility of
PLAG1 genetic analysis in confirming lipoblastoma [4,
28].

Guidance regarding the follow-up of lipoblastoma post-
resection is poorly defined, with authors suggesting follow-
up 2–10 years after surgery [6, 7, 24]. One of the recurrent
cases in this study occurred 4 years after initial resection,
supporting longer follow-up duration. The widespread avail-
ability of MRI in developed countries has facilitated imaging
follow-up for these lesions and should also be considered after
the resection of any deep tumor, especially those without well-
defined margins [6]. Generally, our findings and contempo-
rary consensus recommendations support the need for non-
mutilating complete resection and serial follow-up MRI of
children with deep lesions for several years, perhaps up to
10 years [6, 7]. Superficial lipoblastoma with satisfactory ex-
cisional margins likely does not require serial imaging.

Table 3 Correlation analysis of
recurrence risk with clinical and
imaging factors in lipoblastoma

Kendall’s tau correlation
coefficient

Significance (P-value)a

Age 0.015 0.45

Gender 0.151 0.13

Lesion size (maximum dimension) −0.053 0.33

Septation complexity 0.227 0.04

Non-adipose soft-tissue component 0.191 0.06

Enhancement 0.101 0.22

Compartmental invasion 0.303 0.01

a Bold values are statistically significant (P<0.05)

Fig. 7 Paraspinal lipoblastoma in a 3-year-old boy with mass in the upper
back. a Post-contrast sagittal T1-weighted fat-saturated MRI of the upper
thoracic spine region demonstrates a large, deep intermuscular paraspinal
mass with fat-containing component superiorly, with marked septations
and marked enhancement within the thick septations (arrow) but absent

enhancement in the cystic-appearing area inferiorly (asterisk). b Gross
specimen photograph highlights a fat-rich component superiorly (arrow)
consistent with lipoblastoma and a myxoid-appearing well-defined cyst
(asterisk)
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Conclusion

Moderate complexity is frequent in lipoblastoma on CT and
MRI, with septations, non-adipose components, contrast en-
hancement and compartmental invasion commonly encoun-
tered, and these features should not be confused with
liposarcoma in young children, especially during the first de-
cade of life. Recurrence risk is significantly associated with
compartmental invasion and complex septations of the initial
lipoblastoma.
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