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Myxoid soft-tissue lesions are a heterogeneous group of benign and
malignant mesenchymal tumors with an abundance of extracel-
lular mucoid material. These lesions may mimic cysts on radiologic
evaluation because of the high water content, and histopathologic
features also overlap. Benign myxoid lesions include intramuscu-
lar myxoma, synovial cyst, bursa, ganglion, and benign peripheral
nerve sheath tumor, including neurofibroma and schwannoma.
Malignant entities include myxoid liposarcoma, myxoid leiomyosar-
coma, myxoid chondrosarcoma, ossifying fibromyxoid tumor, and
myxofibrosarcoma. Some syndromes are associated with myxoid
soft-tissue lesions, such as Mazabraud syndrome in patients with
soft-tissue myxomas and fibrous dysplasia. Certain discriminat-

ing features, such as intralesional fat in a myxoid liposarcoma,
perilesional edema and a rim of fat in soft-tissue myxoma, and

the swirled T2-weighted signal intensity and enhancement pattern
of aggressive angiomyxoma, assist the radiologist in differentiat-
ing these lesions. The presence of an internal chondroid matrix or
incomplete peripheral ossification may suggest myxoid chondro-
sarcoma or ossifying fibromyxoid tumor, respectively. The entering-
and-exiting-nerve sign is suggestive of a peripheral nerve sheath tu-
mor. Communication with a joint or tendon sheath and peripheral
enhancement may indicate a ganglion or synovial cyst. This article
(a) reviews the magnetic resonance, computed tomographic, and
ultrasonographic imaging characteristics of soft-tissue myxomatous
lesions, emphasizing imaging findings that can help differentiate
benign and malignant lesions; (b) presents differential diagnoses;
and (¢) provides pathologic correlation.

©“RSNA, 2014 - radiographics.rsna.org

Introduction
Myxoid tumors of soft tissue are characterized by their mucoid or
myxoid extracellular matrix (1), which results in distinctive cross-
sectional imaging features. Because of high water content, myxoid
lesions tend to resemble fluid, with high-signal-intensity characteris-
tics at T2-weighted magnetic resonance (MR) imaging, low attenua-
tion values at computed tomography (CT), and a hypoechoic to an-
echoic appearance at ultrasonography (US). Thus, myxoid soft-tissue
tumors may be confused with cysts. Although myxoid soft-tissue
lesions all contain a myxoid extracellular matrix, they vary consid-
erably in their clinical behavior, ranging from benign to aggressive
malignant entities. Benign myxoid lesions include intramuscular
myxoma, synovial cyst, bursa, ganglion, and benign peripheral nerve
sheath tumors (BPNSTSs), such as neurofibroma and schwannoma.
Malignant entities include myxoid liposarcoma, myxoid leiomyosar-
coma, myxoid chondrosarcoma, ossifying fibromyxoid tumor, and
myxofibrosarcoma. It is important to recognize the salient imaging
features so that malignant lesions can be differentiated from benign
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lesions, thereby preventing unnecessary biopsy
and guiding clinical management.

Few articles in the literature have reported on
the imaging features of all myxoid soft-tissue le-
sions. This article reviews the radiologic character-
istics of soft-tissue myxomatous lesions, empha-
sizes imaging findings that may help differentiate
benign and malignant lesions, offers differential
diagnoses, and provides pathologic comparison.

Benign Lesions
Intramuscular Myxoma

Clinical Features.—Myxoma is a benign mesen-
chymal neoplasm without malignant potential
that is composed of bland undifferentiated stel-
late cells with thin collagen fibers within a myx-
oid stroma (2). The reported incidence is one
case per 1 million people (3). Myxoma is most
frequently diagnosed in patients 40-70 years

of age, with a 57% female predilection (4,5).
Patients typically present with a slowly enlarg-
ing (64%) painful (51%) or painless (49%)
soft-tissue mass ranging between 1 and 17 cm
in size (6). Intramuscular myxomas are typically
solitary. When multiple myxomas are present,
they are almost always associated with monos-
totic or polyostotic fibrous dysplasia, known as
Mazabraud syndrome (7,8). Most musculoskel-
etal myxomas are intramuscular (82%) in loca-
tion, occurring most often in the thigh (51%),
upper arm (9%), calf (7%), and buttock (7%)
(8). Management options include observation
(because of the benign behavior) or surgical ex-
cision, which is typically curative without recur-
rence (3).

Imaging Features.—Radiographs may demon-
strate normal findings (55%) or a nonspecific
soft-tissue mass (45%) (6). Bone scintigraphy
shows mild or no radionuclide uptake.

US demonstrates a well-defined hypoechoic
to near-anechoic mass with some internal
echoes and increased through-transmission (Fig
1a) (9-11). Small anechoic cystic areas are pres-
ent in 85% of cases (6). A sonographic bright
rim sign of increased echogenicity is often noted
(in 83% of cases) around the myxoma, which is
similar to the rind of fatty tissue around intra-
muscular myxoma described for MR imaging
later. Also frequently noted is the bright cap
sign, a triangular hyperechoic area adjacent to at
least one of the poles of the mass (12) that cor-
responds to more prominent adipose tissue at
the poles of the lesion. Color Doppler US shows
the lesions to be avascular or hypovascular, with
surrounding vessels (3).
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CT typically shows a well-defined homoge-
neous soft-tissue mass with attenuation higher
than that of water and less than that of surround-
ing muscle (3). Mild diffuse enhancement or
peripheral and septal enhancement is seen in ap-
proximately 50% of cases (6).

Myxomas demonstrate homogeneous low
(81%-100%) to intermediate (0%—19%) signal
intensity on T'1-weighted MR images (Fig 1Db).
At T2-weighted MR imaging, all myxomas dem-
onstrate high signal intensity. Lesions are homo-
geneous or only mildly heterogeneous and are
well defined in 60%—-80% of cases. In 65%—-89%
of cases, a thin rim of fat (or approaching adi-
pose tissue signal intensity because of volume
averaging) is noted most prominently at the su-
perior and inferior poles of the lesion, represent-
ing atrophy of the adjacent muscle. Perilesional
high signal intensity may be noted with the use
of fluid-sensitive sequences in 79%-100% of
myxomas, a finding caused by leakage of the
myxomatous tissue into the surrounding muscle
(Fig 1¢). Both of these findings are unique MR
imaging features and may result from the lack
of a complete pseudocapsule often seen with
myxoma. On contrast material-enhanced MR
images, myxomas also usually demonstrate mild
(76%) to moderate (24%) contrast enhance-
ment in a diffuse pattern (57%) (Fig 1d) or a
thick peripheral and septal enhancement pattern
(43%). Cystic areas may be noted in slightly
more than 50% of all lesions (6,13—-15).

Peripheral Nerve Sheath Tumors

BPNSTs are typically divided into (@) neurofi-
broma and (b) schwannoma (neurilemoma) (16);
both types contain cells closely related to normal
Schwann cells.

Neurofibroma.—Neurofibroma accounts for
slightly more than 5% of benign soft-tissue tu-
mors (17). Neurofibroma is most commonly
seen in patients 20—-30 years of age and dem-
onstrates no sex predilection (16,18). Three
types of neurofibroma are classically described:
localized (90%), diffuse, and plexiform lesions
(3).The classic (localized) type is most likely

to be confused with a myxoid lesion. Localized
neurofibromas are usually slow-growing pain-
less masses measuring as large as 5 cm that
often involve the superficial cutaneous nerves,
although deep-seated lesions may involve the
larger nerves (3). Neurofibromas cannot be sep-
arated from the nerve, and complete excision of
the neoplasm requires sacrifice of the involved
nerve. Thus, deep-seated lesions may only be
debulked or observed, to save the nerve. Local
recurrence is rare after complete excision.
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Figure 1. Intramuscular myxoma in a 56-year-old woman with a history of thyroid cancer and an incidental mass
noted along the medial distal thigh. (a) US image demonstrates an ovoid heterogeneous hypoechoic intramuscular
mass. Increased echogenicity at the poles (arrows) represents fat. (b) Axial T1-weighted MR image (673/13 [repeti-
tion time msec/echo time msec]) demonstrates a homogeneous lesion (%) with low signal intensity relative to that
of skeletal muscle and incomplete perilesional fat (arrow). (c¢) Sagittal T2-weighted MR image (7470/100) dem-
onstrates a high-signal-intensity lesion () (signal intensity similar to that of water), with peripheral edema most
pronounced at the poles (arrows). (d) Sagittal contrast-enhanced T'1-weighted fat-saturated MR image (1040/13)
shows diffuse mild enhancement (arrowhead) of the lesion. (e) Sagittal T1-weighted MR image (595/13) of a dif-
ferent patient demonstrates perilesional fat (arrows), which is most pronounced at the poles. (f) Photograph of a
section of gross specimen demonstrates a gelatinous ovoid mass. (g) Photomicrograph (original magnification, X40;
hematoxylin-eosin [H-E] stain) shows undifferentiated spindle cells in a myxoid stroma. A hypocellular hypovascular
area (arrow) and an area of increased vascularity and cellularity («) are shown.

Schwannoma.—Schwannoma (neurilemoma) monly seen in patients 20-50 years of age and
is slightly less common than neurofibroma and demonstrates an equal sex distribution (16,18).
accounts for approximately 5% of all benign soft- Larger lesions or lesions in patients with schwan-

tissue tumors (17). Schwannoma is most com- nomatosis may cause pain (3,16). Lesions are
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Figure 2. Neurofibromas in a 30-year-old woman with neurofibromatosis type 1 and an enlarging left medial ankle
mass. (a) Axial T1-weighted MR image (507/10) demonstrates a relatively homogeneous lesion (arrow) and a smaller
homogeneous lesion (arrowhead) with signal intensity slightly higher than that of skeletal muscle. (b) Axial T2-weighted
fat-suppressed MR image (4233/60) demonstrates a heterogeneous high-signal-intensity lesion (arrow) that mimics a cyst.
A smaller neurofibroma (arrowhead) demonstrates the more classic target sign, with higher signal intensity at the periph-
ery. (c) Sagittal short inversion time inversion-recovery MR image (4700/36) demonstrates a fusiform heterogeneous
high-signal-intensity lesion that follows the path of the neurovascular structures with an entering-and-exiting-nerve sign
(arrowheads). (d) Axial contrast-enhanced T1-weighted fat-suppressed MR image (510/10) shows mild heterogeneous
enhancement (arrow, arrowhead) of the lesions. (¢) Photomicrograph (original magnification, X175; H-E stain) shows
that the tumor is composed of cytologically bland ovoid and spindle cells arranged haphazardly within a myxoid stroma.

most often sporadic (90%) but may be plexiform
or multiple in approximately 5% of cases (19,20).
Frequent sites of involvement include the cutane-
ous nerves of the head, neck, and flexor surface of
the extremities. Deep-seated lesions are often lo-
cated in the posterior mediastinum and retroperi-
toneum (16). Unlike neurofibroma, schwannoma
is separable from the adjacent nerve after incision
of the epineurium, and the lesion may be removed
with preservation of the nerve and its function (3).
Recurrence after surgical resection is uncommon,
and malignant transformation is rare (3).

BPNST Imaging Features.—The most common
radiographic abnormality of BPNST is a nonspe-
cific soft-tissue mass; in many cases, however, the
radiographic findings are normal. On rare occa-
sions, a fusiform soft-tissue mass with surround-
ing fat is seen. Positron emission tomography
with fluorine 18 fluorodeoxyglucose or 'C-me-
thionine has been useful in identifying malignant
transformation in patients with neurofibromato-
sis type 1. As with other soft-tissue neoplasms,
BPNST is best characterized with cross-sectional
imaging (US, CT, and MR imaging).
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Figure 3. Neurofibroma of the forearm in a 24-year-old man. (a) Radiograph demonstrates the split
fat sign (arrows). The split fat sign may be seen with intermuscular lesions. (b) Longitudinal color Doppler
US image demonstrates a target sign, with lower echogenicity and vascularity of the more myxoid peripheral
component. (¢) Photograph of the sectioned gross specimen demonstrates an entering and exiting nerve (ar-
rows). Unlike the approach with schwannoma, the nerve must be sacrificed for resection of a neurofibroma.

US typically demonstrates a fusiform, well-
defined hypoechoic soft-tissue mass, which may
have faint distal acoustic enhancement. The
presence of a complete or incomplete echogenic
rim around the substance of a mass is a rare but
nearly pathognomonic feature of nerve tumors.
Entering and exiting nerves may be demon-
strated. Color Doppler US may be useful in dis-
tinguishing the lesion from a ganglion by demon-
strating intrinsic blood flow (21).

At unenhanced CT, BPNSTs often have low
attenuation (as low as 5-25 HU) (22,23), pos-
sibly because of high myelin content, entrapped
fat, cystic areas, or substantial myxoid tissue with
high water content.

At MR imaging, the intrinsic appearance of
BPNST is nonspecific, with signal intensity similar
to or lower than that of muscle on T'1-weighted
images and higher than that of fat on T2-weighted
images (Fig 2a, 2b). The most important charac-
teristic that suggests BPNST is the fusiform shape
caused by the tubular entering and exiting nerve
(Fig 2¢) (3).With schwannoma, the entering and
exiting nerve may be eccentric to the mass. The
target sign is commonly seen in neurofibroma
(58%) but can also be detected in schwannoma
(15%). This sign refers to low to intermediate T2-
weighted signal intensity located centrally second-
ary to fibrous tissue with a higher collagen content

and high T2-weighted signal intensity located
peripherally, probably related to myxoid (high
water content) tissue (24). If the peripheral myx-
oid component is predominant, the lesion may be
confused with other myxoid lesions, particularly
on images obtained with fluid-sensitive sequences.
The central, more fibrous areas demonstrate avid
contrast enhancement in neurofibroma (75%)
(Fig 2d) and, less frequently, in schwannoma (8%)
(25). A rim of fat (split fat sign) is often seen with
deep-seated BPNST, but this sign is nonspecific
and can be seen with other intermuscular lesions
(Fig 3) (26,27). In our opinion, MR imaging and
US are better for demonstrating BPNST, particu-
larly the fusiform shape, because of the improved
soft-tissue contrast they provide (27).

Ganglion
Clinical Features.—A ganglion is a tumorlike le-

sion filled with gelatinous fluid rich in hyaluronic
acid and mucopolysaccharides of unknown
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Figure 4. Ganglion in a 54-year-old man with a knee mass and
a history of rheumatoid arthritis. (a) Axial T1-weighted MR
image (516.6/15.4) demonstrates an anterior compartment mass
(%) with signal intensity characteristics similar to those of skel-
etal muscle. (b) Sagittal T2-weighted fat-suppressed MR image
(2500/70.7) shows a lesion (curved arrow) with internal debris,
which appears to originate at the proximal tibiofibular articula-
tion (straight arrow). (c) Coronal contrast-enhanced T'1-weighted
fat-suppressed MR image (750/13.8) demonstrates peripheral

RadioGraphics
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origin that arises in juxta-articular soft tissue.
Possible causes include synovial herniation, tis-
sue degeneration, and repeated trauma (28,29).
These lesions are often separated into juxta-
articular, intra-articular, and periosteal subtypes.
We focus on the juxta-articular subtype. Ganglia
are common, with 70% located around the wrist;
they represent 50%—-70% of all soft-tissue masses
of the wrist. Most ganglia measure 1.5-2.5 cm.
These lesions frequently manifest in adults
25-45 years of age and have a female predilec-
tion. Patients may note a palpable mass that is
often asymptomatic, but tenderness, pain, or
functional impairment is noted in approximately
50% of cases (3). Treatment options include ex-
cision, aspiration, and corticosteroid injection.

Imaging Features.—Radiographs may demon-
strate normal findings or a soft-tissue mass. US
often shows a well-defined homogeneous an-

and septal enhancement (arrow) of the lesion (). (d) Photo-
micrograph (original magnification, X175; H-E stain) shows

a dense wall of compact fibrous connective tissue (arrow) sur-
rounding a collection of myxoid material that contains scattered
stellate and spindle-shaped cells.

echoic mass, which may have septa (30) and pos-
terior acoustic enhancement. The lesion is adja-
cent to a joint or tendon sheath. After aspiration,
internal echoes that mimic a solid tumor have
been reported (31,32), which represents a po-
tential pitfall. CT demonstrates a juxta-articular
lesion of fluid attenuation.

MR imaging most frequently demonstrates a
multilobulated mass with homogeneous low T'1-
weighted and high T2-weighted signal intensity
(Fig 4a, 4b). Occasionally, high protein content
results in isointense to slightly hyperintense sig-
nal intensity with respect to skeletal muscle. T'1-
weighted MR images often show higher signal
intensity than that seen with simple fluid; CT at-
tenuation is frequently higher than 20 HU (20-30
HU), which reflects the high protein content.
Peripheral enhancement or peripheral and septal
enhancement (of variable thickness but lacking
nodularity) is usually noted on contrast-enhanced
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Figure 5. Synovial cyst in a 66-year-old man with left posterior knee pain and a palpable mass.
(a) Doppler US image demonstrates a hypoechoic heterogeneous lesion with minimal vascular flow
within the septa. The mass (x) is medial to the gastrocnemius. (b) Sagittal T2-weighted fat-sup-
pressed MR image (2503/65) demonstrates a complex popliteal (Baker) cyst (arrows) with multiple
septa and internal debris. The popliteal cyst is the most common of the synovial cysts.

images (Fig 4c). The relationship with the adjacent
joint or tendon sheath is best depicted with se-
quences that have long repetition times and echo
times or with gradient imaging sequences (33).
It is important to note tails of lesion extension;
identifying such extensions assists in complete
surgical resection and decreases the incidence

of local recurrence. Compression of adjacent
nerves may result in atrophy, fatty infiltration, or
increased signal intensity of the innervated mus-
cle at T2-weighted imaging (3). Juxta-articular
ganglia demonstrate imaging features similar to
those of a synovial cyst, often making the two
indistinguishable.

Synovial Cyst and Bursa

Clinical Features.—Synovial cyst is a term used
to describe any synovial-lined juxta-articular
fluid collection. It most often represents an ex-
tension of joint fluid resulting from chronic ef-
fusion. Synovial cysts may be simple, multilocu-
lated, or septated (34). Bursae are synovial-lined
cysts that do not normally communicate with

a joint. Synovial cysts can arise at any periar-
ticular location, most commonly the knee and
hip. The popliteal (Baker) cyst is the most com-
mon synovial cyst. Popliteal cysts demonstrate

a posterior medial knee fluid collection that
communicates with the knee joint between the
medial gastrocnemius and semimembranosus
tendons. The incidence of popliteal (or Baker)
cyst increases with age and in the presence of
rheumatoid arthritis or internal derangement

(3). In a study of 1113 patients with internal de-
rangement of the knee, the overall incidence of
popliteal cyst was 5% (35). Inflammation from
overuse, trauma, internal derangement, infec-
tion, or hemorrhage may cause fluid accumula-
tion and thickening of the synovial membrane.
Treatment includes observation (because syno-
vial cysts may spontaneously resolve) or aspira-
tion and steroid injection.

Imaging Features.—Radiographic findings for
synovial cysts and bursae may be normal or dem-
onstrate a soft-tissue mass or prominence. US
shows an anechoic structure communicating with
the joint (Fig 5a). The lesion may contain septa,
debris, or osteochondral bodies. CT shows

a low-attenuation structure adjacent to a joint
(synovial cyst) or in an anatomic area subject to
friction (bursa). MR imaging usually shows low
signal intensity on T'1-weighted images, but the
signal intensity may be higher if proteinaceous
fluid or hemorrhage is present. T2-weighted im-
ages show high signal intensity, similar to water.
Septa, debris, and osteochondral bodies may be
identified (Fig 5b). Enhancement at CT and MR
imaging is present only in the lesion wall and
possibly within septa in the presence of chronic
inflammation or infection. A popliteal cyst rup-
ture can often be demonstrated as edema noted
outside of the cyst wall, within the surrounding
fascia and soft tissue. The differential diagnosis
for popliteal cyst includes bursa, meniscal cysts
and ganglia, popliteal artery aneurysm, and deep
venous thrombosis.



RadioGraphics

RG ¢ Volume 34 Number 4

c. d.

Petscavage-Thomas et al 971

e.

Figure 6. Myxoid liposarcoma in a 48-year-old woman with a left thigh mass that grew slowly during 1 year.

(a) Transverse US image demonstrates a hypoechoic heterogeneous lesion (arrow) with internal echoes not consis-
tent with a cyst. (b) Axial CT image demonstrates a lesion (arrow) with low-attenuation foci (arrowhead), secondary
to lipid components. (c—e) Axial T1-weighted (746/35) (c), T2-weighted fat-suppressed (5807/70) (d), and contrast-
enhanced T'1-weighted fat-suppressed (638.3/7) (¢) MR images show an intramuscular lesion (arrow) with areas of
high signal intensity at T'1-weighted imaging, low signal intensity with fat saturation, and nonenhancement that cor-
respond to foci of intralesional fat (arrowhead). The lipid component is as much as 10% of the total tumor volume.

Malignant Lesions
Myxoid Liposarcoma

Clinical Features.—Myxoid liposarcoma is an
intermediate- to high-grade malignancy; the
grade depends on the percentage of the hyper-
cellular round cell component. Myxoid lipo-
sarcoma consists of a myxoid matrix, round or
oval primitive nonlipogenic mesenchymal cells,
delicate arborizing “chicken wire” vascular net-
works, and signet ring lipoblasts (4,36). Myx-
oid liposarcoma is the second most common
type of liposarcoma, representing 20%-50%

of all liposarcomas and 10% of all soft-tissue
sarcomas (37). Myxoid liposarcoma shows no
pronounced sex predilection. The lesion occurs

most frequently in patients approximately a de-
cade younger than those affected by other types
of liposarcoma, with peak prevalence in the 4th
and 5th decades (38). Myxoid liposarcoma most
often manifests clinically as a painless soft-tissue
mass. Lesions may be large, often larger than

15 cm at presentation. These lesions most often
involve the lower extremity (75%—-80% of cases),
particularly the medial thigh and popliteal loca-
tions. Myxoid liposarcomas of the extremities
are most frequently intermuscular in location
(70%-80% of cases), with intramuscular and
subcutaneous locations being less common (38).
The lesions have a predilection for extrapulmo-
nary soft-tissue (such as retroperitoneum, oppo-
site extremity, and axilla) or bone (particularly
spine) metastases (3,4).
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Figure 7. Pathologic features of myxoid

liposarcoma in a 28-year-old man with a lateral

thigh mass after a motor vehicle accident. (a)
Photograph of a section of the gross specimen

demonstrates a predominantly gelatinous lesion

with internal fat (arrow). (b) Photomicrograph
(original magnification, X40; H-E stain) shows
the classic pulmonary edema pattern, in which
adipocyte cytoplasm is markedly expanded and
a myxoid stroma predominates. Inset: Photo-
micrograph (original magnification, xX175; H-E
stain) shows cystically dilated spaces lined by
thin septa and containing capillary-sized vessels
with adjacent smaller adipocytes.

Myxoid liposarcoma is treated with surgical
excision, radiation, or adjunct chemotherapy, which
is often administered in cases of incomplete or
marginal resection (37). The 10-year mortality
rate ranges from 30% to 60% and increases with
a greater round cell component. Metastatic disease
is also more common in myxoid liposarcomas with
a larger round cell component. Compared with
other subtypes of liposarcoma, myxoid liposarcoma
more often has extrapulmonary metastases (37).

Imaging Features.—Radiographs of myxoid li-
posarcoma may show normal findings but more
frequently demonstrate a nonspecific soft-tissue
mass. Radiolucent fat is seen much less often in
myxoid liposarcoma than in well-differentiated
liposarcoma because of a much lower volume of
lipid (38). US shows a complex well-defined hy-
poechoic mass with posterior acoustic enhance-
ment (Fig 6a). The popliteal location of myxoid
liposarcomas is common, and such lesions may
simulate a popliteal (Baker) cyst (37).

At CT and MR imaging, myxoid liposarcomas
are typically large, well-defined multilobulated in-
termuscular lesions (Figs 6b—6e, 7). The high wa-
ter content of the lesion is demonstrated as an area
of predominant low attenuation on CT images,
low signal intensity on T'1-weighted MR images,
and markedly high signal intensity on T2-weighted
MR images (Fig 6b—6d) (38).The pathognomonic
feature of myxoid liposarcoma on MR images
is identification of a fatty component within the
mass, best seen as foci with high signal intensity on
T1-weighted images, usually appearing lacy or lin-
ear and amorphous, rather than solid. These foci
appear to have intermediate signal intensity with
fat-suppressed or short inversion time inversion-
recovery sequences (16). MR imaging is superior
to CT for the detection of fat because of greater
soft-tissue contrast resolution. Adipose tissue typi-
cally constitutes only a small volume of the overall
mass (<10% of the lesion) and is often noted
within septa (lacy or linear pattern) or as subtle

radiographics.rsna.org

small nodules. Fat is demonstrated in as many as
90%-95% of myxoid liposarcomas at MR imaging
(37). Myxoid liposarcoma often demonstrates in-
tense enhancement. The enhancement pattern can
be classified into three groups: homogeneous (to-
tal enhancement), heterogeneous (partial enhance-
ment and often more prominent peripherally) (Fig
6¢), and no enhancement (3.7%) (16). Comparing
the images obtained with T'1- and T2-weighted (or
T2-weighted fat-saturated) sequences in the same
section can be useful to identify subtle fat in the
septa.

Myxofibrosarcoma

Clinical Features.—Myxofibrosarcoma (the lesion
formerly known as myxoid malignant fibrous his-
tiocytoma) varies from a hypocellular, mainly myx-
oid, and purely spindle cell appearance (low-grade
neoplasms) to a higher-grade pleomorphic lesion
(malignant fibrous histiocytoma-like) with multi-
nucleate giant cells, high mitotic activity, and areas
of necrosis (39). Myxofibrosarcoma is a common
soft-tissue sarcoma in elderly patients (median age,
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Figure 8. Myxofibrosarcoma in a 45-year-old woman with a
3-month history of a mass and associated soreness of the lateral left
thigh. (a) Transverse US image demonstrates a hypoechoic heteroge-
neous lesion (arrowhead) with internal echoes. (b) Axial CT image
demonstrates a large heterogeneous intramuscular lesion () with
attenuation lower than that of adjacent skeletal muscle. (c—e) Axial
T1-weighted (640/10.7) (c), T2-weighted fat-suppressed (2600/75)
(d), and contrast-enhanced T1-weighted (640/10.7) (¢) MR im-
ages show a large intramuscular lesion (arrow) with multiple septa,
heterogeneous signal intensity, and marked heterogeneous enhance-
ment. (f) Photograph of the sectioned gross specimen demonstrates
substantial internal hemorrhage (arrow). (g) Photomicrograph (orig-
inal magnification, X175; H-E stain) shows a densely cellular area
occupied by large pleomorphic cells within a myxoid background.
Inset: Photomicrograph (original magnification, X200; H-E stain)
shows markedly pleomorphic cells with intracytoplasmic mucinous
material scattered within a loose myxoid stroma.

Myxofibrosarcoma is the most frequent subtype to
occur in the subcutaneous tissue (as many as 70%
in some series) (3).

Treatment involves preoperative chemotherapy,
followed by wide en bloc resection (3).The 5-year

66 years). The incidence is approximately equal in
men and women (39). Patients typically present
with a slowly enlarging painless mass. Local re-
currences occur in as many as 50%—-60% of cases
(4). Frequent sites of involvement include the
extremities (77%), trunk (12%), retroperitoneum
or mediastinum (8%), and head (3%) (40,41).

survival rate for patients with myxofibrosarcoma is
60%—70%, with a 50%—-70% local recurrence rate
and a 23%-30% metastatic rate (3).

Imaging Features.—Radiographs of soft-tissue
myxofibrosarcoma may demonstrate a soft-tis-
sue mass. US, CT, and MR imaging frequently
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demonstrate, respectively, predominant low echo-
genicity, low attenuation, and low signal intensity
areas on T 1-weighted images, reflecting the high
water content of the myxoid component (Fig 8).
Higher-grade lesions may demonstrate attenua-
tion at CT similar to that of muscle. T2-weighted
MR images show high signal intensity. Heteroge-
neity is often noted with all MR pulse sequences,
reflecting the considerable histologic variability
within these lesions. The more cellular areas, of-
ten nodular and peripheral, demonstrate enhance-
ment; however, diffuse lesion enhancement may
be present in higher-grade lesions with more vas-
cularized myxoid tissue (3). Myxofibrosarcoma is
most difficult to distinguish from myxoid liposar-
coma. Hemorrhage on T'1-weighted images may
mimic intralesional fat but has high signal intensity
on T1-weighted fat-suppressed images.

Myxoid Chondrosarcoma

Clinical Features.—Myxoid chondrosarcoma is

a rare histologic variant (<2% of all soft-tissue
sarcomas) (42,43) of chondrosarcoma that occurs
in both soft tissue and bone. Myxoid chondrosar-
coma is considered an intermediate-grade tumor.
These lesions have high water content, related to
the extensive myxoid stroma and areas of hya-
line cartilage (44). This lesion was originally
called “chordoid sarcoma” on the basis of its
histologic resemblance to chordoma (45). Myx-
oid chondrosarcoma grows slowly and is late to
metastasize, with 10-year survival rates ranging
from 65% to 78% (46-48).

Extraskeletal myxoid chondrosarcoma is the
most common histologic type of soft-tissue chon-
drosarcoma. It is a tumor that occurs predomi-
nantly in adults, with a mean age at presentation
of 50 years, although patient age ranges from 4 to
92 years (44). In most but not all series, a male
predominance is reported. Extraskeletal myxoid
chondrosarcoma is extremely rare in patients
younger than 20 years of age (44,49). The most
common manifestation is an enlarging soft-tissue
mass, but some lesions are accompanied by
pain and tenderness (50). Most lesions arise in
the extremities, with the thigh being the single
most common location. Lesions most frequently
affect the deep soft tissues, although approxi-
mately 25%-33% of the lesions are subcutane-
ous (44,51). Treatment involves surgical excision
(50). Extraskeletal myxoid chondrosarcoma dem-
onstrates frequent recurrences and metastases,
and long-term follow-up is needed (50).

Imaging Features.—Radiographs of these le-
sions often demonstrate a nonspecific soft-tissue
mass. Areas of chondroid matrix mineralization
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may be apparent. Underlying bone erosion or
invasion and periosteal reaction are unusual but
may be seen (44).

Reflecting its extremely high water content,
extraskeletal myxoid chondrosarcoma appears
as areas of low attenuation on CT images and
high signal intensity on T2-weighted MR images
(Fig 9a, 9¢), with only mild peripheral to septal
enhancement after administration of contrast
material. Lobular growth, which is typical of
chondroid neoplasms, is also frequently apparent.
Areas of hemorrhage are also common compared
with other chondroid lesions. CT may demon-
strate a chondroid matrix (Fig 9a) (44).

Myxoid Leiomyosarcoma

Clinical Features.—Myxoid leiomyosarcoma is a
rare variant of leiomyosarcoma, which is found in
the genital tract (uterus), retroperitoneum, and, less
commonly, the thigh (52). Myxoid leiomyosarcoma
is the most common soft-tissue sarcoma of the gas-
trointestinal tract and uterus, and the median pa-
tient age is 60 years (53). Myxoid leiomyosarcomas
contain abundant myxoid material between smooth
muscle cells. Histologically, the lesion is composed
of spindle-shaped cells with a fascicular, reticular, or
myxofibrosarcoma-like architecture (1). Treatment
involves surgical excision. In a series of 14 myxoid
liposarcomas, mitotic activity and grade were lower
than those of conventional leiomyosarcoma (54).
However, as with conventional leiomyosarcoma,
myxoid variants do have local recurrence (36%)
and metastases (14%) (54).

Imaging Features.—As seen with other myxoid
soft-tissue lesions, low to intermediate signal in-
tensity on T'1-weighted images and markedly high
signal intensity on T2-weighted images, features
that correspond to the myxoid component, are
seen at MR imaging (Fig 10). Attenuation similar
to that of muscle is seen at CT. Delayed diffuse
enhancement or a reticular pattern of enhance-
ment due to the myxoid content can be seen with
myxoid leiomyosarcoma (54).

Ossifying Fibromyxoid Tumor

Clinical Features.—Ossifying fibromyxoid tumor
is a rare intermediate-grade malignant soft-tissue
tumor that typically manifests as a slow-growing
painless firm area of subcutaneous swelling or,
rarely, a deeper soft-tissue mass (55). The tumor
measures from less than 5 cm to 10 cm, is pri-
marily found in the extremities, and is seen more
often in men in the 5th decade of life (56-58).
Ossifying fibromyxoid tumor is less commonly
found in the trunk (16%—-19%) and the head and
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Figure 9. Myxoid chondrosarcoma in a 50-year-old woman with a gluteal mass. (a) Axial CT image shows
subtle chondroid matrix mineralization (arrowheads) in a low-attenuation gluteal mass (x). (b) Axial T'1-weighted
MR image (500/25) demonstrates the low-signal-intensity mass (). (c) Axial T2-weighted fat-saturated MR image
(3000/80) demonstrates the markedly high signal intensity of the mass (), with lobular growth best seen anterolat-
erally. Matrix mineralization cannot be seen on the MR images. (d) Photograph of an axial section of the gross speci-
men demonstrates high-water-content myxoid and cartilaginous (%) nodules and a hemorrhagic focus (arrow).
(e) Photomicrograph (original magnification, x40; H-E stain) shows chondroid nodules () surrounded by fi-

brous septa. Hemorrhage (arrow) is prominent in some areas.

neck (9%-13%) (3). Histologically, both a myx-
oid stroma and a fibrous stroma are seen, which
can resemble myxoid chondrosarcoma (55). Lo-
cal recurrence occurs in 17%-27% of patients
after complete surgical excision, whereas metas-
tases are uncommon (5%) (3).

Imaging Features.—Radiographs may demon-
strate a small well-defined subcutaneous mass
with a peripheral incomplete rim of ossifica-
tion (this appearance can simulate myositis
ossificans), no mineralization, or extensive
mineralization (3,59). Heterogeneous uptake
has been seen at bone scintigraphy, represent-
ing osteoblastic activity (59,60). CT is helpful
in showing the surrounding or intralesional
ossification without adjacent osseous reaction
(60) (Fig 11a). These areas of ossification ap-

pear as areas of low signal intensity on both

T1- and T2-weighted MR images, whereas the
myxofibrous component is isointense to muscle
on T'1-weighted images and has intermediate to
high signal intensity on T2-weighted images (Fig
11b). Areas of high signal intensity on both T'1-
and T2-weighted images can be seen if there is
internal hemorrhage, which can mimic the fat of
a myxoid liposarcoma.

Aggressive Angiomyxoma

Clinical Features.—Aggressive angiomyxoma is
an uncommon mesenchymal tumor composed
of scattered spindle cells and abundant medium-
sized vessels within a myxoid matrix (61). The
lesion predominantly occurs in women (90%)
(62). The age range is 16—70 years, with a
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Figure 10. Myxoid leiomyosarcoma in a 72-year-old man with a chest mass. (a) Axial T1-weighted MR image
(500/20) demonstrates a low-signal-intensity round mass (arrowhead) in the subcutaneous tissue of the upper left
abdominal wall. (b) Axial T2-weighted MR image (2489/70) shows an area of markedly high signal intensity (ar-
rowhead) due to the myxoid content of the lesion. (c) Axial contrast-enhanced T'1-weighted fat-suppressed MR
image (525/20) demonstrates diffuse enhancement of the anterior aspect of the mass (arrowhead). (d) Photomi-
crograph (original magnification, X200; H-E stain) shows that the tumor is composed of aggregates of elongated

ovoid cells separated by large zones of myxoid material.

a. b.

median age of 34 years (62). Aggressive angio-
myxomas arise from connective tissues of the
perineum or lower pelvis but only rarely oc-

cur directly from any pelvic or perineal viscus
(63,64). These lesions may be asymptomatic or
may cause pain and dyspareunia (3). Aggressive
angiomyxomas typically involve the soft tissues
of the pelvis, perineum, vulva, buttock, retro-
peritoneum, and inguinal regions. Most of these
tumors are as much as 10 cm in size at manifes-
tation (62), although they can become large (20
cm) (3). Wide excision is the treatment of choice
(3). Metastases of aggressive angiomyxoma
have not been reported, but the tumor is prob-
ably called “aggressive” because of the high rate
of local recurrence (36%—72%) after resection
(62,65).The lesion is included in the malignant
section because of its high local recurrence rate,
but many would consider it benign.

Imaging Features.—Radiographs can have nor-
mal findings or show a nonspecific soft-tissue
mass with displacement of pelvic structures. At
US, the lesion may appear hypoechoic or cystic
(63,64).

At CT, the lesion has a well-defined margin
and attenuation less than that of skeletal muscle
(Fig 12a). A swirled appearance may be noted on
contrast-enhanced images because intravenous
contrast material enhances the strands of fibro-
vascular tissue within the tumor (61). Aggressive
angiomyxoma tends to grow around the struc-
tures of the pelvic floor without penetrating the
muscularis of the vagina or rectum (66,67).

On T1-weighted MR images, this lesion is usu-
ally low to intermediate in signal intensity (3). On
T2-weighted images, the lesion demonstrates high
signal intensity, probably related to the high water
content of the loose myxoid matrix. Aggressive
angiomyxoma may demonstrate swirled or layer-
ing tissue, seen best with sagittal T2-weighted MR
sequences (Fig 12b) but also noted at CT and
T1-weighted MR imaging after administration of
contrast material (83%), resulting in a distinctive
appearance (Fig 12¢) (3,61). These lesions dem-
onstrate a tendency to displace rather than invade
perineal structures. Extension from the perineum
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Figure 11. Ossifying fibromyxoid tumor in a
41-year-old man who had a left inguinal mass
for 7 months. (a) Axial CT image shows a
soft-tissue mass (straight arrow) in the anterior
compartment of the proximal left thigh with
heterogeneous attenuation and an incomplete
rind of peripheral ossification (curved arrow).
(b) Axial T2-weighted MR image (4400/66) of
the thigh shows areas of high signal intensity
(white arrow) due to the myxoid component
and peripheral low signal intensity due to os-
sification. Two pathologic high-signal-intensity
lymph nodes (black arrow) are seen anteriorly.
(c) Photograph of a section of the gross speci-
men demonstrates a multinodular surface with

across the pelvic diaphragm into the pelvis is com-
mon and often clinically unsuspected (61), but it
must be identified to guide surgical resection. The
differential diagnosis includes myxoid liposarcoma
and infiltrating angiolipoma.

Conclusions
Myzxoid lesions all share the same mucoid extra-
cellular matrix, which results in a hypoechoic US
appearance, low attenuation at CT, and high signal
intensity with long-repetition-time MR imaging
sequences, mimicking a cyst. Certain discriminat-
ing features, such as intralesional fat in myxoid
liposarcoma, perilesional edema and a rim of fat
in myxoma, and the swirled T2-weighted signal
intensity and enhancement pattern of aggressive
angiomyxoma, assist the radiologist in differentiat-
ing among these lesions. The presence of an in-
ternal chondroid matrix or incomplete peripheral
ossification may suggest myxoid chondrosarcoma

areas of cystic degeneration.

or ossifying fibromyxoid tumor, respectively. The
entering-and-exiting-nerve sign is suggestive of

a peripheral nerve sheath tumor. Communica-
tion with a joint or tendon sheath and peripheral
enhancement may indicate a ganglion or synovial
cyst. In addition, the presence of multiple lesions
suggests a syndrome, such as Mazabraud syn-
drome or neurofibromatosis. It is important to
understand the imaging and pathologic features to
prevent unnecessary biopsy of benign lesions and
to ensure appropriate management of aggressive
myxoid soft-tissue tumors.

Disclosures of Conflicts of Interest.—E.A.W.: Financial
activities not related to the present article: consulting fees
from Medical Metrics.
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Page 965

A sonographic bright rim sign of increased echogenicity is often noted (in 83% of cases) around the
myxoma, which is similar to the rind of fatty tissue around intramuscular myxoma described for MR
imaging later. Also frequently noted is the bright cap sign, a triangular hyperechoic area adjacent to at
least one of the poles of the mass (12) that corresponds to more prominent adipose tissue at the poles
of the lesion.

Page 968

The target sign is commonly seen in neurofibroma (58%) but can also be detected in schwannoma (15%).
This sign refers to low to intermediate T2-weighted signal intensity located centrally secondary to fibrous
tissue with a higher collagen content and high T2-weighted signal intensity located peripherally, probably
related to myxoid (high water content) tissue (24). If the peripheral myxoid component is predominant,
the lesion may be confused with other myxoid lesions, particularly on images obtained with fluid-sensitive
sequences.
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The pathognomonic feature of myxoid liposarcoma on MR images is identification of a fatty component
within the mass, best seen as foci with high signal intensity on T 1-weighted images, usually appearing lacy
or linear and amorphous, rather than solid. These foci appear to have intermediate signal intensity with
fat-suppressed or short inversion time inversion-recovery sequences (16). MR imaging is superior to CT for
the detection of fat because of greater soft-tissue contrast resolution.
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Myxofibrosarcoma is most difficult to distinguish from myxoid liposarcoma. Hemorrhage on T 1-weighted
images may mimic intralesional fat but has high signal intensity on T 1-weighted fat-suppressed images.
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Aggressive angiomyxoma may demonstrate swirled or layering tissue, seen best with sagittal T2-weighted
MR sequences (Fig 12b) but also noted at CT and T'1-weighted MR imaging after administration of con-
trast material (83%), resulting in a distinctive appearance (Fig 12c) (3,61).



