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morphologic patterns, posing a significant 
source of diagnostic overlap with benign and 
malignant neoplasms. The high-flow types 
are composed of arterial components, includ-
ing arteriovenous malformation and arterio-
venous fistulas [3–5]. Low-flow vascular 
malformations, specifically lymphatic and 
venous malformations, are among the most 
common soft-tissue masses seen in a pediat-
ric practice; the reported frequencies are esti-
mated to be 1 in 12,000 births for macrocys-
tic lymphatic malformation and 1 in 10,000 
births for venous malformations [7–9].

Lymphatic malformations are diagnosed 
by the clinician according to history and 
physical examination; imaging is usually re-
quired for confirmation of the diagnosis, to 
evaluate the lesion’s extent, or for therapeu-
tic planning. Lymphatic malformations may 
have an atypical and delayed presentation, 
not only clinically but also on imaging. Like-
wise, certain soft-tissue masses in children 
can mimic lymphatic malformations in many 
ways. To decrease the risk of misdiagnosis, 
radiologists, especially interventional radiol-
ogists, should adopt an active role when deal-
ing with lymphatic malformations and other 
vascular anomalies in children. On the one 
hand, a thorough clinical history should be 
obtained, and the child should be examined 
carefully at the time of imaging or during a 
previous formal consultation. If any interven-
tion is requested, it is preferably performed 

Low-Flow Vascular Malformation 
Pitfalls: From Clinical Examination to 
Practical Imaging Evaluation—Part 1, 
Lymphatic Malformation Mimickers

Candace L. White1

Brandon Olivieri1
Ricardo Restrepo2

Brett McKeon2

S. Pinar Karakas3

Edward Y. Lee4

White CL, Olivieri B, Restrepo R, McKeon B, 
Karakas SP, Lee EY

1Department of Radiology, Mount Sinai Medical Center of 
Florida, Miami Beach, FL. 

2 Department of Radiology, Nicklaus Children’s Hospital, 
Miami Children’s Health System, 3100 SW 62nd Ave, 
Miami, FL 33155. Address correspondence to R. Restrepo 
(Ricardo.Restrepo@MCH.com).

3Department of Radiology, Benioff Children’s Hospital at 
Oakland, University of California at San Francisco, 
Oakland, CA. 

4 Department of Radiology, Boston Children’s Hospital. 
Boston, MA.

Pediatr ic Imaging •  Review

WEB 
This is a web exclusive article.

AJR 2016; 206:W1–W12

0361–803X/16/2065–W1

© American Roentgen Ray Society

V
ascular malformations are not 
neoplasms but rather congenital 
endothelial malformations that 
result from errors in vascular 

morphogenesis [1, 2]. Though a complete 
discussion of vascular malformation classifi-
cation is beyond the scope of this review, 
vascular malformations can be mainly delin-
eated histologically into lymphatic, capillary, 
venous, arteriovenous, or mixed malforma-
tions (any combination) [3–6]. Vascular mal-
formations can also be classified as low-flow 
and high-flow according to their hemody-
namic characteristics [1, 3]. The low-flow 
vascular malformations are composed of 
nonarterial components and include capil-
lary, venous, and lymphatic malformations 
[3, 4]. Because low-flow vascular malforma-
tions lack arteriovenous shunting, increased 
temperature and pulsatility are absent on 
physical examination. The diagnosis of capil-
lary malformations, which consist of port 
wine stains and telangiectasia, is made clini-
cally, with imaging playing virtually no role. 
Most capillary malformations are isolated 
anomalies; however, they can be part of a 
syndrome or can herald an associated deeper 
vascular malformation for which imaging 
evaluation is required. Venous malforma-
tions have a variable clinical presentation ac-
cording to their depth and extent as well as 
the presence of thrombosis. Likewise, on im-
aging, venous malformations have different 
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OBJECTIVE. Palpable subcutaneous masses present in various shapes and sizes in the 
pediatric population and, accordingly, represent a variety of underlying causes. Lymphatic 
and venous malformations are among the most common pediatric subcutaneous lesions. How-
ever, there are congenital and acquired, as well as benign and malignant, soft-tissue masses 
that can mimic them clinically and at imaging. 

CONCLUSION. Here, we review the natural history, wide range of clinical presenta-
tions, and varied but characteristic imaging appearance of lymphatic malformations that can 
pose diagnostic difficulties in children. In addition, the clinical and imaging characteristics of 
some pediatric soft-tissue pathologies that can mimic lymphatic malformations and clues to 
reach a proper diagnosis are highlighted. 
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in an institution with a dedicated vascular 
malformation clinic and by experienced ra-
diologists. On the other hand, radiologists 
should be familiar with the imaging spec-
trum of these lesions and with some com-
mon mimickers in the pediatric population 
so that prompt and accurate diagnosis can be 
achieved and optimal patient care provided.

The overarching goal of this article is to 
provide an up-to-date review of a variety of 
pediatric soft-tissue pathologies that can mim-
ic lymphatic malformations and clues to min-
imize the risk of misdiagnosis and delayed 
treatment. The natural history, clinical presen-
tation, and varied but characteristic appear-
ance on different imaging modalities of lym-
phatic malformations are highlighted.

Clinical Appearance of Lymphatic 
Malformations

Lymphatic malformations are low-flow 
vascular malformations consisting of dilat-
ed lymphatic vessels without cellular atypia, 

forming cystlike structures separated by fi-
brous septa. The mechanism of origin results 
from aberrant lymphatic morphogenesis re-
lated to a failure of communication with the 
venous system, rendering lymphatic malfor-
mations isolated from the otherwise normal 
lymphatic system [2, 4, 10–12]. Lymphatic 
malformations occur after the arrest of lym-
phatic system development at early stages of 
embryogenesis, thereby resulting in multiloc-
ular, rather than the rare unilocular, lesions 
[13–16]. Three subtypes based on morpho-
logic features have been described: macro-
cystic, microcystic, and combined [17]. The 
macrocystic subtype is composed of locules 
measuring greater than 1 cm, the microcys-
tic subtype comprises smaller (usually sub-
centimeter) cysts, and the combined subtype 
shares features of both (Fig. 1).

Lymphatic malformations most common-
ly involve the subcutaneous tissues, with a 
reported 70–80% occurrence in the head and 
neck, but they can occur throughout the body 

[3, 18]. Lymphatic malformations are well 
known to be transspatial, disregarding ana-
tomic and fascial boundaries, and they can 
involve multiple tissue planes. In some cases, 
lymphatic malformations cause mass effect 
on adjacent structures, which can lead to soft-
tissue and osseous hypertrophy and potential 
limb-length discrepancy [10–12, 19, 20].

Like all vascular malformations, lymphat-
ic malformations are congenital and grow 
proportionally to the systemic growth of the 
patient. They are usually identified during 
early childhood, with 50–65% identified at 
birth, 80–90% found by age 2 years, and rare 
de novo identification occurring beyond ado-
lescence [7, 21]. Clinically, undisturbed lym-
phatic malformations are characteristically 
described as painless soft supple lesions that 
are not necessarily compressible [22–24]. 
Lymphatic malformations transilluminate, 
have an intact overlying skin, and lack tem-
perature changes in their natural state. Fur-
thermore, no pulsatility or bruit is palpated 

A B

Fig. 1—Various imaging appearances of lymphatic malformations in six different patients. 
A, Lymphatic malformations in three patients. In top left image, mixed undisturbed cervicofacial lymphatic malformation is seen in 12-day-old boy. Lymphatic 
malformation has macrocysts (asterisks) and microcysts (arrow) containing anechoic fluid separated by fibrous septa. In top right image, typical appearance of 
microcystic lymphatic malformation is seen in 2-year-old boy. High-resolution gray-scale ultrasound (US) image of face shows thickening of subcutaneous fat and loss 
of normal fascial planes due to microcystic lymphatic malformation with several tiny microcysts (arrows). M = malar bone. In bottom images, lymphatic malformation 
containing blood at different stages is seen in 3-month-old boy. High-resolution US image of axillary locule (bottom left) shows macrocyst (arrows) containing low-level 
echoes (asterisk) due to hemorrhage, and high-resolution US image of another locule (bottom right) shows soft-tissue nodule (asterisk) in dependent portion of macrocyst 
with no color flow, consistent with retracted mural thrombus.
B, 2-year-old boy with microcystic lymphatic malformation. Axial T2-weighted MR image shows extent of microcystic lymphatic malformation seen as poorly defined 
hyperintense areas in subcutaneous soft tissues of right hemiface and left cheek anteriorly (arrows) with involvement of tongue and right parotid gland. Few microcysts 
are discernible (asterisks).

(Figure 1 continues on next page)

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 C

an
da

ce
 W

hi
te

 o
n 

03
/2

2/
16

 f
ro

m
 I

P 
ad

dr
es

s 
19

8.
17

9.
5.

25
1.

 C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



AJR:206, May 2016 W3

Pitfalls in Imaging of Low-Flow Vascular Malformations

on clinical examination [19–23]. The clini-
cal appearance of lymphatic malformations 
may vary, because they tend to respond to 
different stimuli, which is a potential source 
of confusion. Lymphatic malformations are 
predisposed to sudden growth as a response 
to immunologic stimuli (most frequently, a 
common cold), hemorrhage, or infection of 
the lesion itself. Because of the pliability of 
the walls, lymphatic malformations can ex-
perience tremendous sudden changes in size, 
which, in turn, can lead to hemorrhage and 
further growth due to stretching of the cap-
sular or septal vessels. The lymphatic mal-
formations then become painful and firm, 
with a bluish or purplish hue, simulating a 
venous malformation or a hematoma (Fig. 
2). Lymphatic malformations are also pre-
disposed to infection by bacterial seeding 
[25, 26]. When infected, lymphatic malfor-
mations often become larger, painful, indu-
rated, and erythematous [20, 27, 28] (Fig. 2). 
Likewise, disturbed lymphatic malforma-
tions frequently have a tendency to return to 

C D

Fig. 1 (continued)—Various imaging appearances of lymphatic malformations in six different patients. 
C, 9-year-old girl with undisturbed macrocystic lymphatic malformation of neck. Coronal contrast-enhanced T1-weighted MR image with fat saturation shows faint 
septal and capsular contrast enhancement (arrows). No enhancing solid component is seen.
D, 3-month-old boy with mixed (macro- and microcystic) lymphatic malformation containing blood at different stages involving left chest wall and arm. Axial T2-weighted 
MR image shows large extension of lymphatic malformation. Lesion contains locules of different sizes and various signal intensities, some of which contain fluid-fluid 
levels (arrows) indicative of blood at different stages. In arm, lymphatic malformation is causing mass effect on musculature (asterisks). L = lung, H = humerus.

TABLE 1: Suggested MRI Protocol for a Suspected Vascular Malformation

Sequence What to Look For

Coronal (less frequently sagittal) STIR or 
T2-weighted sequence with fat saturation

Evaluates the extent of the lesion

Axial T1-weighted sequence Evaluates the contents: blood, proteinaceous 
material, fat, and involvement of adjacent 
musculature

Axial STIR or T2-weighted sequence with fat 
saturation

Evaluates relationship with adjacent structures: 
skin, neurovascular bundle, and bone

Axial gradient-recalled echo T1-weighted 
sequence

Evaluates for the presence of phleboliths, recent 
bleed, or flow voids in hypervascular lesions

Axial T1-weighted sequence with fat saturation 
before gadolinium enhancement

Required to evaluate enhancement pattern

2D Time-of-flight MR angiogram and MR 
venograma

To evaluate vascular supply, deep venous system, 
and flow characteristics

Multiple phase gadolinium-enhanced MR 
angiograma

To evaluate flow dynamics

Axial T1-weighted sequence with fat saturation 
after gadolinium enhancement

Evaluates enhancement pattern: dynamics and 
possible solid component

Second plane T1-weighted sequence with fat 
saturation after gadolinium enhancement

Evaluates delayed enhancement: very useful in 
venous malformations

aOptional sequences if dealing with a lymphatic malformation with certainty or in the follow-up of venous 
malformations.
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baseline size after the stimulus has subsided. 
However, complete resolution of the lesion 
rarely occurs without intervention.

Imaging Appearance of Lymphatic 
Malformations

Ultrasound (US) is usually the first-line 
imaging modality in the diagnostic workup 
of lymphatic malformations, especially when 
they are small and superficial, in the pedi-
atric population. Contrast-enhanced MRI is 
the preferred complementary imaging mo-
dality to US in evaluation of lymphatic mal-
formations. MRI is of particular value for 
deeply seated and extensive lesions, evalu-
ation of lesion size and extent of tissue in-
volvement, and preprocedural planning (Ta-
ble 1). CT with IV contrast material is a less 
preferred alternative to MRI because of the 
decreased contrast resolution and the use of 
ionizing radiation, but it is an acceptable al-
ternative should MRI not be available.

The classic sonographic appearance of 
lymphatic malformations is that of multilocu-
lated cystic masses with imperceptible walls, 
which are anechoic in the natural state, offer-
ing posterior acoustic enhancement (Fig. 1). 
Lymphatic malformations are rarely unilocu-
lar; in fact, a unilocular cystic mass is unlike-
ly to be a lymphatic malformation. Internal 
floating low-level echoes or fluid-fluid lev-

els—representing blood, pus, or chyle—may 
be present [11, 18, 19, 29]. In cases of acute 
hemorrhage, the affected locules display in-
creased echogenicity and contain floating 
low-level echoes. With time, fluid-fluid lev-
els and, eventually, a retracted clot may form 
(Fig. 1). Intralesional retracted clots are seen 
as solid areas of different echogenicities with 
no internal vascularity on color Doppler US 
(or contrast enhancement on CT or MRI). 
Regardless of the state (natural or inflamed), 
pure lymphatic malformations have no asso-
ciated soft-tissue component, and no inter-
nal flow is present on color Doppler exam-
ination. However, minute arteries and veins 
may be visible within the fibrous septations 
and capsule [11, 18, 19, 29]. No perilesional 
inflammation should be present unless there 
is active infection. In cases of infection, de-
bris or echogenic fluid is seen, and hyperemia 
along the capsule and septa develops.

The role of color Doppler US to differen-
tiate benign from malignant masses has been 
evaluated with limited success. Some studies 
in adults have shown that an organized vas-
cular pattern, although not pathognomonic, 
is more commonly seen in benign soft-tissue 
masses, whereas a chaotic vascular pattern 
with randomly distributed tortuous vessels 
displaying abrupt variation in caliber is more 
commonly seen with malignancies [30–32]. In 

the case of lymphatic malformations, because 
they are multiseptate masses, minimal, if any, 
peripheral and septal vascularity that can be 
accentuated during periods of hemorrhage or 
infection is expected. When considering the 
mean end diastolic volume and mean resis-
tive index, significant overlap between benign 
and malignant lesions has been found; there-
fore, the role of Doppler US to exclude ma-
lignancy is of limited clinical value [30, 33]. 
In our experience, color Doppler US of soft-
tissue masses, including lymphatic malforma-
tions that are usually diagnosed during the first 
few years of life, is further compromised by 
the lack of cooperation in children.

On MRI, lymphatic malformations are 
seen as multiloculated cystic masses with 
fluid signal and no flow voids [23] (Fig. 1). In 
cases of hemorrhage or infection, the intrale-
sional signal changes according to the acuity 
of the process, and fluid-fluid levels may de-
velop (Fig. 1). Faint septal and capsular en-
hancement may be naturally present, which 
can be more vivid in the setting of inflam-
mation, but no enhancing solid component 
should be present [11] (Fig. 1). T2-weighted 
MRI with fat saturation or STIR sequenc-
es can highlight the presence of perilesion-
al inflammation seen only in cases of active 
inflammation. Microcystic lymphatic mal-
formations occasionally can appear as solid 

A B

Fig. 2—Two patients with lymphatic malformations.
A, 4-year-old girl with right cheek lymphatic malformation with bleed who presented with bruising after playing in park. Localized mass in right cheek with purplish 
discoloration is seen. Mass was tender and firm on palpation with no increased temperature.
B, 3-year-old boy with infected lymphatic malformation who presented with sudden development of painful mass on left arm with overlying skin erythema and induration.
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masses with scant tiny cysts, or no percepti-
ble cysts at all, causing thickening and oblit-
eration of the tissue planes.

In addition to their variable appearance 
on imaging, not only morphologically (e.g., 
macrocystic, microcystic, or mixed) but in 
terms of their contents (e.g., natural state, 
stimulated, infected, or hemorrhagic), lym-
phatic malformations can pose diagnostic 
difficulties, particularly in the pediatric pop-
ulation, for four main reasons. First, lym-
phatic malformations are congenital and al-
ways present at birth, but they are not always 
apparent clinically or at imaging, causing in-
herent confusion when they are noticed later 
in childhood. Second, some soft-tissue ma-
lignancies affecting children are low grade, 
growing very slowly in a fashion similar to 
lymphatic malformations [34]. Third, pediat-
ric malignancies can be well circumscribed; 
when they are necrotic, they can be predomi-
nantly cystic and can bleed, producing fluid-
fluid levels, and they may not show internal 
vascularity at imaging, features that are fair-
ly typical of lymphatic malformations [30, 
33–38]. Similarly, aggressive neoplasms may 
contain fluid-fluid levels because of their 
rapid growth. Fourth, several nonneoplas-
tic congenital cysts in children occur in lo-
cations that overlap with those of lymphatic 
malformations (e.g., head, neck, and super-
ficial subcutaneous soft tissues). These cysts 
are slow growing and can become infected 
later in life.

Neoplasms in Neonates and 
Infants That Can Mimic 
Lymphatic Malformations

Perinatal neoplasms (congenital and neo-
natal, when defined as those seen at birth and 
in the first 60 days of life, respectively) repre-
sent less than 3% of all pediatric neoplasms, 
with the frequency of malignancy ranging 
from 0.003% to 1.9% [39, 40]. Perinatal neo-
plasms may pose a diagnostic dilemma be-
cause of a lack of awareness and the rarity of 
these tumors (about 1/10,000 live births, with 
a reported variation of 12–121 per million 
live births) [40–43]. Neoplasms in the peri-
natal period can also mimic the much more 
common vascular malformations clinically 
and at imaging. In a study by McCarville et 
al. [44] of 30 infants with soft-tissue malig-
nancies, the most common diagnoses were 
rhabdomyosarcoma (RMS), congenital fibro-
sarcoma, and other non-RMS neoplasms.

Teratoma
Teratomas are true germ cell neoplasms 

composed of tissue derived from more than 
one embryologic layer (ectoderm, endoderm, 
and mesoderm) that are usually foreign to 
the anatomic site of origin. Teratomas orig-
inate anywhere along the midline, with ex-
tragonadal locations occurring primarily in 
neonates. Teratomas are the most common 
congenital perinatal tumors, accounting for 
up to 36% of all cases; the most common lo-
cations are the sacrococcygeal and cervico-

facial regions [45–47]. Cervicofacial terato-
mas account for nearly 2% of all neonatal 
tumors, with a reported frequency between 
1 in 40,000 and 1 in 80,000 live births [42, 
45, 47, 48]. Teratomas in the cervicofacial 
region share similar features with lymphat-
ic malformations. Besides the location, cer-
vicofacial teratomas can be seen prenatally, 
can be associated with polyhydramnios, and 
frequently are large and bulky with second-
ary mass effect on the airway and adjacent 
structures. It can be difficult to distinguish 
these neoplasms from lymphatic malfor-
mations by imaging because they often are 
multiloculated predominantly cystic mass-
es (Fig. 3). The presence of fat and calcifi-
cations, whether dystrophic or in the form of 
mineralized bone, is critical for the diagnosis 
of a teratoma (Fig. 3). However, some terato-
mas do not have macroscopic fat or calcium 
at imaging [49, 50]. CT may play an impor-
tant role in the diagnosis because fat and es-
pecially calcifications are readily identified 
by this modality. As for any other neoplasm, 
the presence of soft tissue is also a support-
ing finding in the diagnosis of teratomas [51]. 
A feature that we find useful in differenti-
ating teratomas from lymphatic malforma-
tions is the associated skeletal changes with 
the former, causing bone remodeling, scal-
loping, and splaying (Fig. 3). Skull-base in-
vasion with widening of the neural foramina 
is also possible. In contrast, lymphatic mal-
formations, being low-flow lesions of a low-

A CB

Fig. 3—1-year-old girl with diagnosis of teratoma presenting with progressive painless facial swelling since birth. 
A, Ultrasound image of face shows large multiseptate cystic mass (arrows) in left cheek. M = malar bone.
B, Axial T2-weighted MR image with fat saturation of face shows septate hyperintense left cheek mass (arrows) suggesting cystic nature.
C, Axial CT image without contrast agent shows left cheek mass as hypodense due to cystic component. Peripheral nodule containing fat and coarse calcification (circle) 
is readily visible and highly suggestive of teratoma. Note bone remodeling involving left maxilla and zygomatic arch (arrows).
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pressure system, do not cause these skeletal 
changes. Later in life, bone expansion and 
hypertrophy may occur [52–54]. The prena-
tal sonographic detection of the lesion may 
provide an important diagnostic clue because 
lymphatic malformations can be detected as 
early as the first trimester. Teratomas, how-
ever, are detected in the second trimester 
[55]. A deeply seated mass in the nasophar-
ynx with cystic components in the presence 
of bone remodeling is more likely to be a ter-
atoma than a lymphatic malformation in the 
first year of life, especially if calcifications 
and fat are present [52].

Rhabdomyosarcoma
At this age, RMS can present as large mass-

es occurring nearly anywhere in the body, with 
a substantial number in the head and neck, 
similar to lymphatic malformations. This neo-
plasm may have clinical and imaging appear-
ances similar to those of vascular malforma-
tions that usually present as a painless mass in 
the pediatric population. On palpation, RMS 
are firmer than lymphatic malformations (in 
the absence of a cystic component) and have 
a tendency toward rapid growth, which is dif-
ferent than undisturbed lymphatic malforma-
tions. However, when hemorrhagic, lymphat-
ic malformations harden and grow suddenly 
in a pattern similar to that of congenital RMS. 
RMS is one of the most common childhood 
sarcomas, with reports of misdiagnosis as a 
vascular malformation [56]. Lesions present-
ing as a solitary fully formed mass at birth or 
as a rapidly growing tumor, particularly on 
the face and neck, are more likely to be mis-
diagnosed as vascular anomalies. On imag-
ing, RMS can have large cystic components 
and fluid-fluid levels due to hemorrhage and 
necrosis, in a fashion similar to that of lym-
phatic malformations, especially with rapid 
growth (Fig. 4). However, the presence of sol-
id components with color flow on US or con-
trast enhancement on MRI or CT supports the 
diagnosis of RMS (Fig. 4). Not infrequently, 
congenital RMS has widespread metastatic 
disease at presentation because of its aggres-
sive behavior, which is another supportive di-
agnostic clue [44, 57] (Fig. 4). Ultimately, if 
a congenital RMS cannot be definitively dis-
tinguished from a lymphatic malformation by 
imaging, a biopsy may be warranted for a de-
finitive diagnosis.

Lipoblastoma
Another potential diagnostic pitfall in in-

fancy is lipoblastoma. Lipoblastomas are 

rare mesenchymal tumors of embryonal 
white fat. They commonly present in infan-
cy and early childhood, with 99% of cases 
presenting before age 3 years [58]. In most 
cases, lipoblastomas are easily clinically dis-
tinguishable from lymphatic malformations 
because they are rubbery and firmer mass-
es, and on imaging, the presence of fatty el-
ements is virtually diagnostic at this age. 
A subset of lipoblastomas can be confused 
with lymphatic malformations because of 
the presence of a large myxoid component. 
Clinically, these lesions and lymphatic mal-
formations can share the same presentation, 
which includes soft painless enlarging mass-
es with variable growth rates that common-
ly occur in the lower extremities or cervical 
region and have intact overlying skin. These 
two entities also share a similar age range. 
Transillumination with a flashlight is usually 
not present in lipoblastomas.

The imaging appearance of lipoblastomas 
is variable depending on the tissue compo-
sition, usually with mixed fatty and myxoid 
stromal components, and with younger pa-
tients having a greater myxoid component 
[58–61]. The imaging appearance of myxoid 
lipoblastomas and lymphatic malformations 
can be strikingly similar. The myxoid com-
ponent of lipoblastomas is hypoechoic on US 
and has low attenuation on CT. On MRI, the 
myxoid component shows a low T1 signal 
and a high signal on T2-weighted MR images 
with fat saturation similar to that of lymphat-
ic malformations (Fig. 5). After gadolinium 
administration, variable contrast enhance-

ment can be peripheral and septal, which is 
also identical to that of lymphatic malforma-
tions. Furthermore, lipoblastomas may have 
cystic spaces filled with mucoid material and 
vascular fibrous septa [62–64]. When there 
are fatty elements on T1-weighted MR im-
ages, the diagnosis of lipoblastoma is almost 
certain [59–61].

Neoplasms in the Older Child That 
Can Mimic Lymphatic Malformations

Occasionally, malignant soft-tissue neo-
plasms that typically present in the older 
child and adolescent can be confused with 
lymphatic malformations because of their 
slow growth and cystic nature. The lack of 
differentiating imaging features confounds 
the diagnosis because the superficial nature 
of subcutaneous lesions often allows identifi-
cation of lesions at a small size, and because 
vascularity correlates with tumor size, ma-
lignant lesions may appear hypovascular or 
avascular [31, 33]. This is complicated when 
these neoplasms share the common locations 
of lymphatic malformations (e.g., head, neck, 
and extremities) in the pediatric population.

Synovial Sarcoma
Synovial sarcoma (SS) is the second most 

common pediatric soft-tissue sarcoma, with 
approximately 30% of cases occurring in 
children and adolescents [65]. Between 70% 
and 95% of SS cases occur in the extremi-
ties, typically in a juxtaarticular location, 
but they can arise anywhere in the body [66, 
67]. Clinically, SSs are slow-growing lesions 

A B

Fig. 4—3-week-old boy born with congenital rhabdomyosarcoma presenting as rapidly growing hard mass in 
right side of neck. 
A, Coronal T2-weighted MR image shows interspersed cystic (asterisks) and solid areas (S) within mass 
(arrows). Multiple pulmonary and hepatic hyperintense nodules are seen, indicative of metastases.
B, Coronal contrast-enhanced T1-weighted MR image shows enhancement of solid areas (S) and lack of 
enhancement in cystic areas (asterisks) of mass (arrows). M = pulmonary metastasis.
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Clues to the diagnosis of SSs on imag-
ing include the presence of a rapidly enhanc-
ing soft-tissue component, thick (> 3 mm) 
or nodular septa, and the triple sign on MRI 
[66, 67] (Fig. 6). The triple sign refers to the 
marked heterogeneity of the mainly cystic 
neoplasm with predominant areas of high 
signal on T2-weighted MR images but also 
with intermixed areas of intermediate and 
low signal caused by hemorrhage, necrosis, 
and fibrous and solid tumoral components 
[67, 73]. Lymphatic malformations with loc-
ules at different stages of bleeding may have 
a similar appearance (Fig. 1). Tumoral calci-
fication, reported in as many as 30% of SSs, 
is a differentiating feature from lymphatic 
malformations [68, 74]. Supporting features 
for SSs are slow growth, notably not propor-

tional to the patient’s growth, appearance in 
late childhood or adolescence, and a deeply 
seated mass.

Angiomatoid Fibrous Histiocytoma
Angiomatoid fibrous histiocytoma is a 

slow-growing neoplasm of low-grade ma-
lignancy [75, 76]. Angiomatoid fibrous his-
tiocytomas are most commonly found in the 
extremities of adolescents and young adults, 
with most occurrences outside the extremi-
ties reported in the head and neck, similar lo-
cations to those of lymphatic malformations 
[76, 77]. Clinically, angiomatoid fibrous his-
tiocytomas can appear similar to lymphatic 
malformations, because they are also pain-
less soft slow-growing masses [75, 78, 79]. 
In addition, angiomatoid fibrous histiocyto-

often presenting with nonspecific symptoms 
of swelling or tenderness, features that can 
cause a delay in diagnosis and can cause 
confusion with benign processes such as 
lymphatic malformations [65, 66, 68]. No-
tably, the average duration of symptoms of 
SSs before diagnosis is reported to be 2–4 
years [67]. On imaging, SSs can be mark-
edly homogeneous and hyperintense on flu-
id-sensitive sequences, or they may be cys-
tic because of hemorrhage or necrosis, thus 
mimicking lymphatic malformations [67, 
69]. Cystic SSs are usually well-defined 
multilocular septate masses that displace 
rather than invade adjacent structures and 
that may contain fluid-fluid levels similar 
to those seen with lymphatic malformations 
[65, 70–72] (Fig. 6).

A B

Fig. 5—3-month-old boy with chest wall lipoblastoma presenting as supple painless lump. 
A, Axial T1-weighted MR image with no fat saturation shows well-defined hypointense oval mass (arrows) in deep tissues of right side of chest wall. L = lung.
B, Axial T2-weighted MR image with fat saturation shows mass (arrows) becoming homogeneously hyperintense, simulating cystic lesion. Several internal septations 
are now conspicuous. L = lung.

A CB

Fig. 6—11-year-old boy with synovial sarcoma presenting as slow-growing painless lump in posterior neck. Lesion was initially diagnosed as lymphatic malformation. 
A, Ultrasound image shows mainly cystic mass (arrows) with thick septations and echogenic area (asterisk) that was interpreted as debris. No color Doppler ultrasound 
was used.
B, Axial T2-weighted MR image with fat saturation shows mainly cystic multiseptate mass in right and posterior neck containing areas of different signal intensities 
(triple sign): hypointense (arrow), intermediate (white asterisk), and hyperintense (black asterisk) signals.
C, Axial contrast-enhanced T1-weighted MR image with fat saturation shows mainly cystic multiseptate mass in right and posterior neck with central enhancing soft-
tissue component (asterisk).

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 C

an
da

ce
 W

hi
te

 o
n 

03
/2

2/
16

 f
ro

m
 I

P 
ad

dr
es

s 
19

8.
17

9.
5.

25
1.

 C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



W8 AJR:206, May 2016

White et al.

mas tend to have a bluish hue, with reports 
of rapid growth due to hemorrhage [76]. A 
subset of pediatric patients with angiomatoid 
fibrous histiocytomas present with systemic 
symptoms, such as malaise, weight loss, and 
anemia [79].

At imaging, angiomatoid fibrous histio-
cytomas can resemble lymphatic malfor-
mations. They are uniformly well-defined, 
noninvasive, and usually restricted to the 
subcutaneous tissues [65, 80] (Fig. 7). A liter-
ature review found few reports of MRI of an-
giomatoid fibrous histiocytomas, all of which 
reported well-circumscribed heterogeneous 
masses, internal cystic spaces with fluid-flu-
id levels, solid components being isointense 
to muscle on T1-weighted MR images, and 
marginal hypointense signal of the pseudo-
capsule on T1- and T2-weighted MR imag-
es [65, 78–81] (Fig. 7). The imaging appear-
ance of angiomatoid fibrous histiocytomas 
has been reported as a well-demarcated mul-
ticystic subcutaneous mass having peripheral 
(but no internal) vascularity on Doppler ex-
amination [82], similar to one of our cases 
(Fig. 7).

Differentiating features on imaging in-
clude the presence of a solid enhancing com-
ponent and the presence of a hypointense 
pseudocapsule in a multilocular cystic le-
sion in the case of an angiomatoid fibrous 
histiocytoma. The late appearance during 
adolescence and the presence of systemic 
symptoms should raise the suspicion of an-
giomatoid fibrous histiocytomas and prompt 
excisional biopsy, which is curative.

Epithelioid Sarcoma
Epithelioid sarcoma is a rare aggressive 

soft-tissue tumor of adolescents and young 
adults that most commonly occurs in the dis-
tal extremities, with a predilection for the 
hand [65, 83, 84]. Epithelioid sarcoma shows 
an indolent growth pattern and may present 
clinically as a heterogeneous intramuscular 
mass, as is characteristic of soft-tissue neo-
plasms [85]. However, a significant number 
of reports describe presentation of painless 
subcutaneous nodules or plaques, occasion-
ally with overlying skin ulcerations [85].

MRI findings of epithelioid sarcoma are 
limited to case reports, except for two case 
series by Hanna et al. [86] and Romero et 
al. [87], showing heterogeneous soft-tissue 
foci and cystic areas with fluid-fluid levels 
reflecting necrosis (Fig. 8). Similar to lym-
phatic malformations, which tend to insinu-
ate along fascial planes, epithelioid sarcoma 

tends to spread along the fascial planes and 
tendon sheaths [65, 83, 86]. The presence of 
peritumoral inflammation of the surround-
ing musculature, with a hyperintense signal 
on fluid-sensitive sequences, is character-
istic of epithelioid sarcoma, simulating an 
inflamed lymphatic malformation [86, 88] 
(Fig. 8). Epithelioid sarcoma ubiquitously 
shows enhancement of the soft-tissue com-
ponent, which is its main differentiating fea-
ture from lymphatic malformations [86, 88].

Nonneoplastic Cystic Lesions That 
Can Mimic Lymphatic Malformations

Different types of cysts in children that in-
volve the skin and superficial subcutaneous 
soft tissues can potentially mimic lymphat-
ic malformations clinically and on imaging. 
Nonneoplastic cystic lesions occurring in the 
subcutaneous tissues include a variety of cil-
iated cysts, epidermoid and dermoid cysts, 
and ganglion cysts. These cystic lesions may 
share overlapping features with lymphatic 
malformations, including congenital cause, 
location (e.g., branchial cleft cysts in the 
head and neck or ganglion cysts in the ex-
tremities), and symptoms (e.g., lack of pain 
and slow growth). These cystic lesions, like 
lymphatic malformations, can show sudden 
growth with debris-filled appearance in the 
setting of superimposed infection, as com-
monly seen in dermoid and branchial cleft 
cysts. Epidermoid, dermoid, and ciliated 
cysts, which can occur anywhere in the body 
and often present in unexpected and unusual 
locations, are discussed in the next section, 

with comparison and contrast to features of 
lymphatic malformations.

Epidermoid and Dermoid Cysts
Epidermoid and dermoid cysts are the 

most common cutaneous cysts in both chil-
dren and adults [89]. Epidermoid cysts (in-
cluding sebaceous cysts) are benign lesions 
characterized by an ectodermal lining that 
undergoes desquamation producing kera-
tin debris and, in turn, filling the cavity of 
the cyst [22, 90]. Dermoid cysts are similar 
to epidermoid cysts but also contain dermal 
adnexal structures, such as hair follicles or 
glandular tissue [91, 92]. Epidermoid and 
dermoid cysts are typically located in the soft 
tissues of the head and neck or the trunk and 
less frequently in the extremities [93]. Clini-
cally, these lesions are asymptomatic at the 
initial stages, when they are small. A pain-
less mobile rubbery subcutaneous nodule is a 
common clinical presentation [91, 94].

At US, which is the first-line imaging mo-
dality to evaluate epidermoid and dermoid 
cysts, these lesions are well-defined, ovoid, 
and cystic and exhibit posterior acoustic en-
hancement with heterogeneous internal ap-
pearance, likely secondary to internal kera-
tin debris [93]. No associated vascularity is 
present. Occasionally, epidermoid and der-
moid cysts cause osseous remodeling, result-
ing in thinning, scalloping, or erosion of ad-
jacent bone. At MRI, most epidermoid cysts 
show mixed signals, often superimposed 
on a background of high signal intensity, 
on both T1- and T2-weighted MR images 

A B

Fig. 7—14-year-old girl with angiomatoid fibrohistiocytoma presenting as slow-growing painless lump in thigh 
for several months with bluish discoloration. 
A, High-resolution color Doppler image of thigh lesion shows lobulated well-defined mass (straight arrows) 
confined to superficial soft tissues containing low-level echoes and fluid-fluid level (curved arrow). No color 
flow is present within lesion.
B, Axial T2-weighted MR image of thigh shows lobulated well-defined mass containing locules of different 
intensities (asterisks) and fluid-fluid level (white arrow). Hypointense peripheral rim sign described in these 
lesions is well identified (black arrow).
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(Fig. 9), with internal heterogeneity thought 
to correlate histologically to keratin debris 
[95]. Dermoid cysts have an MRI appear-
ance nearly identical to that of epidermoid 
cysts. However, they show signal dropout 
on fat saturation sequences, which is high-
ly specific for dermoid cysts and also a dif-
ferentiating feature from lymphatic malfor-
mations, which do not contain fat [94, 96]. 
These lesions have a thicker capsule than 
lymphatic malformations do, and they may 
also display faint peripheral capsular en-
hancement. However, septations are the ex-
ception rather than the rule, contrary to the 
case of lymphatic malformations, which are 
almost always multiloculated (Fig. 9). In in-
fected cysts or in cases of rupture, capsular 
enhancement and perilesional inflammation 
are present. Most of these cysts pose no di-
agnostic difficulties clinically or by imag-
ing. However, these lesions are congenital, 
can grow slowly and attain large sizes, and 
are painless but become infected and oc-

Fig. 9—15-year-old girl with dermoid cyst presenting as slow-growing painless lump in right gluteal region. 
Axial T2-weighted MR image with fat saturation shows large homogeneously hyperintense oval lesion (arrows) 
suggesting cystic nature. Note lack of septations.

A

B C

Fig. 8—9-year-old boy with epithelioid sarcoma presenting as acute swelling of slow-growing lump in hand. 
A, High-resolution ultrasound image of hand mass shows multiseptate mass (arrows) with deep extension. 
Locules contain fluid (F) and low-level echoes (asterisks), likely hemorrhage.
B, Axial T2-weighted MR image with fat saturation shows predominantly cystic mass (thin arrows) with 
soft-tissue component (S) in periphery and encasing flexor tendon (asterisk). Fluid-fluid levels are seen (thick 
arrows); hypointense fluid within locules indicates acute hemorrhage. Significant perilesional edema is 
present.
C, Axial contrast-enhanced T1-weighted MR image with fat saturation shows mass with enhancement of soft-
tissue component (S) in periphery and encasing flexor tendon (asterisk). Fluid-fluid level (arrow) is seen within 
cystic locule, as well as significant perilesional edema.
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casionally septate, all features shared with 
lymphatic malformations.

Ciliated Cysts
Ciliated cysts are commonly classified by 

location: bronchogenic, thymic, enteric, thy-
roglossal, branchial, or cutaneous, with atyp-
ical locations reported for all types [91, 92, 
97–99] (Fig. 10). Thyroglossal duct cysts and 
branchial cleft remnants are the two most 
common congenital neck masses in children, 
with thyroglossal duct cysts located in a mid-
line location from the base of the tongue to 
the mediastinum and branchial cleft rem-
nants (e.g., cysts and sinuses) in the later-
al aspect of the neck [99, 100]. When they 
are in the typical locations, because of their 
unilocular appearance on imaging, the diag-
nosis is straightforward. When they are in 
atypical locations, such as the posterior tri-
angle where lymphatic malformations are 
more common, the diagnosis is more chal-
lenging [101] (Fig. 10). Other shared features 
with lymphatic malformations are congeni-
tal cause, slow growth, a diagnosis in the 
first few years of life, and risk of infection 
or bleeding.

Cutaneous ciliated cysts are rare benign 
cysts of the superficial subcutaneous tis-
sues and are defined by a simple columnar 
ciliated epithelial lining of müllerian origin 
[97, 102, 103]. Cutaneous ciliated cysts are 
classically associated as being located in the 
lower extremities of female patients of child-
bearing age, though reports exist of cutane-

ous ciliated cysts in various locations and in 
both sexes [102, 104]. Clinically, unless they 
are infected, these lesions present as painless 
subcutaneous masses, with patients seeking 
evaluation or excision for cosmetic reasons 
[97, 101, 104].

Cutaneous ciliated cysts share similar im-
aging characteristics with lymphatic malfor-
mations, including fluid-filled cystic spaces 
with no internal flow, soft-tissue component, 
or surrounding inflammatory changes. Neither 
lesion enhances on contrast agent administra-
tion, though capsular and septal enhancement 
and adjacent soft-tissue inflammation may be 
seen in acute infection, hemorrhage, or rup-
ture (Fig. 10). Definitive imaging diagnosis 
may be difficult, and clinical history may not 
be discerning, because both ciliated cysts and 
lymphatic malformations are congenital. The 
presence of a unilocular cystic lesion in the 
superficial subcutaneous soft tissues should 
raise the possibility of a ciliated cyst rather 
than a lymphatic malformation. In the case of 
a branchial cleft cyst, the specific location in 
the neck is a suggestive clue. In the case of a 
cutaneous ciliated cyst, the patient’s being a 
female adolescent and a lower extremity loca-
tion support the diagnosis.

Conclusion
Clinical history and physical examination 

play vital roles in the diagnosis of pediatric 
subcutaneous lesions, particularly when a 
vascular malformation is suspected. In most 
cases, the diagnosis of lymphatic malforma-

tions poses no difficulty; however, the clini-
cal and radiographic appearance can change 
in cases of trauma, hemorrhage, or infection. 
In contrast, some soft-tissue lesions, includ-
ing malignant neoplasms, especially when 
cystic, can mimic lymphatic malformations. 
Therefore, the radiologist plays an important 
role in the diagnosis of lymphatic malforma-
tions requiring familiarity with the varied 
(clinical and imaging) appearance of lym-
phatic malformations in their undisturbed 
and stimulated state as well as of some pedi-
atric soft-tissue pathologic abnormalities to 
avoid a delay in the diagnosis. The appear-
ance of lymphatic malformations on imag-
ing is fairly typical in most cases; however, 
a proper history and physical examination by 
the radiologist and preferably by an interven-
tional radiologist in the setting of a vascular 
malformation clinic should be ideal, espe-
cially in equivocal cases or if image-guided 
intervention is contemplated. If the clinical 
and imaging diagnosis is still uncertain, his-
tologic confirmation should be performed.
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F O R  Y O U R  I N F O R M A T I O N

The reader’s attention is directed to part 2 accompanying this article, titled “Low-Flow Vascular 
Malformation Pitfalls: From Clinical Examination to Practical Imaging Evaluation—Part 2, Venous 
Malformation Mimickers”.
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