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OBSTETRIC AND  
GYNECOLOGIC IMAGING

Leiomyomas are smooth muscle tumors of the uterus and are the most common uterine neoplasm. Although leiomyomas are usu-
ally asymptomatic, they can manifest with symptoms such as pain or uterine bleeding. Leiomyomas are classified on the basis of 
their anatomic location and morphology. Localization of leiomyomas relative to the endometrium, myometrium, and uterine sero-
sa with use of the International Federation of Gynecology and Obstetrics (FIGO) classification system is helpful for guiding man-
agement in symptomatic patients. The FIGO system is a practical and universally accepted approach for classifying leiomyomas 
to guide radiologists and clinicians in deciding management. The MRI appearance of conventional leiomyomas is related to their 
tissue contents of smooth muscle and fibrous tissue and is well established. The MRI features of some leiomyoma subtypes and 
forms of degeneration also have been described. Other smooth muscle tumors of the uterus recognized in the 2020 World Health 
Organization classification system include intravenous leiomyomatosis, smooth muscle tumors of uncertain malignant potential, 
and metastasizing leiomyoma. At the far end of the spectrum are leiomyosarcomas, which are frankly malignant and therefore 
must be managed accordingly. Although MRI features that suggest a diagnosis of leiomyosarcoma have been proposed, these fea-
tures overlap with those of some leiomyoma subtypes and degeneration.
©RSNA, 2023 • radiographics.rsna.org

This copy is for personal 
use only. To order copies, 
contact reprints@rsna.org

Introduction
Uterine leiomyomas, also known as fibroids, are the most 
common gynecologic and uterine neoplasm (1). At patho-
logic analysis, they have a low mitotic index (fewer than five 
mitoses per 10 high-power fields), no cellular necrosis (with 
the exception of tumor ischemia–induced degeneration), no 
significant cytologic atypia, no intravascular component, uni-

formly sized and shaped spindle-shaped cells, and well-cir-
cumscribed borders (2).

Uterine leiomyomas are hormonally dependent benign 
smooth muscle tumors that develop after menarche and typ-
ically regress after menopause (1). The lifetime prevalence of 
leiomyomas exceeds 70% in women (3). The incidence is espe-
cially high in African-American patients (two to three times 
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higher than in other populations) (4). Additional risk factors 
include early menarche (5); diet elements such as high in-
take of alcohol, caffeine, and red meat (6); and genetic factors 
(eg, hereditary leiomyomatosis and renal cell carcinoma syn-
drome, fumarate hydratase deficiency). A protective factor is 
increased parity, possibly from increased selective apoptosis 
of small leiomyomas during pregnancy and the susceptibility 
of the leiomyoma to infarction (7).

Patients most commonly are asymptomatic or present with 
acute or chronic conditions, which may include pain, men-
strual disorder, subfertility, and symptoms related to mass 
effects on the bowel or urinary bladder that cause constipa-
tion or frequent urination. Clinical management is aimed at 
reducing symptoms or increasing fertility with interventional 
and medical options.

US is the first line of imaging in all cases, and it may be 
sufficient if the findings are uncomplicated, such as when 
imaging a solid, well-defined, concentric mass and the triage 
to treatment is clear. US with saline-infusion sonohysterog-
raphy can be used for precise anatomic localization. This can 
be sufficient for cases in which the submucosal location must 
be established if hysteroscopic resection is considered or con-

servative management is planned. MRI is superior to US for 
cases of marked uterine enlargement and for identification 
of submucosal and subserosal leiomyomas, optimizing the 
treatment strategy and planning. MRI can also be used to 
evaluate other causes of uterine and pelvic masses, such as 
adenomyosis and ovarian neoplasms.

In this article, we review leiomyomas, leiomyosarcomas, 
and other smooth muscle tumors of the uterus, as catego-
rized in 2020 by the World Health Organization (WHO) (8). 
The MRI features of conventional (usual) leiomyomas and 
the International Federation of Gynecology and Obstetrics 
(FIGO) classification of leiomyomas based on their locations 
are reviewed (9). Leiomyoma subtypes and forms of leiomy-
oma degeneration that have established MRI features are 
also reviewed. The features to date that may help distinguish 
leiomyosarcoma from leiomyoma subtypes and degenera-
tions also are summarized (Table 1).

Leiomyomas
Leiomyomas have a broad range of imaging appearances on 
MR images. Conventional leiomyomas account for 80%–90% 
of leiomyomas, while WHO-based leiomyoma subtypes 
account for the remaining leiomyomas and can be diag-
nostically challenging (8). Characteristic MRI features are 
described for some leiomyoma subtypes, such as cellular, hy-
dropic, apoplectic, and myxoid leiomyoma; lipoleiomyoma; 
and diffuse leiomyomatosis, whereas the remaining subtypes 
to date have no established diagnostic features on images 
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TEACHING POINTS
	� In the FIGO classification system, numbers are used to categorize the location 

of leiomyomas. Given that this classification is meant to aid in the workup of 
abnormal uterine bleeding, submucosal leiomyomas (FIGO stages 0–2) are 
differentiated from other leiomyomas that do not involve the endometrium 
(FIGO stages 3–8).
	� Bleeding, calcification, and necrosis due to decreased vascular supply are 

common in degenerated leiomyomas. However, these tumors maintain a cir-
cumscribed border and have no cellular necrosis on pathologic specimens; 
these findings can manifest as T1-hyperintense areas on MR images.
	� Leiomyosarcoma classically appears as a new or enlarging solid uterine mass 

with intermediate to high T2 signal intensity, high T1 signal intensity, and cen-
tral nonenhancing regions with irregular margins in postmenopausal women.

	� Extrauterine leiomyomas have imaging characteristics that are similar to 
those of typical leiomyomas but with atypical locations. As such, radiologist 
familiarity with uncommon growth patterns is required for an accurate diag-
nosis, as many of these tumors with uncommon locations may mimic pelvic 
malignancies.
	� Asymptomatic individuals are usually managed expectantly without treat-

ment. For symptomatic patients, the location of the leiomyoma and the pa-
tient’s desire to maintain fertility are important management considerations.
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Table 1: Types of Smooth Muscle Tumors of the Uterus 
Based on 2020 WHO Classification

Leiomyoma
  Conventional
  Subtypes
    Cellular
    Leiomyoma with bizarre nuclei
    Fumarate hydratase deficient
    Mitotically active
    Hydropic
    Apoplectic
    Lipoleiomyoma
    Epithelioid
    Myxoid
    Dissecting leiomyoma
    Diffuse leiomyomatosis
Intravenous leiomyomatosis
STUMP

Spindle cell
Epithelioid
Myxoid

Metastasizing leiomyoma
Leiomyosarcoma

Conventional (spindle cell)
Epithelioid
Myxoid

Note.—STUMP = smooth muscle tumor of uncertain malig-
nant potential.
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that allow them to be distinguished from other leiomyoma 
subtypes and smooth muscle tumors of the uterus (Table 2).

Conventional (Usual) Leiomyomas
Conventional leiomyomas represent 80%–90% of all leiomyo-
mas and have the classic imaging appearance on MR images 
(Fig 1) (10) of a smoothly circumscribed mass with a homoge-
neous and isointense or mildly hypointense signal relative to 
the myometrium and skeletal muscle on T1-weighted (T1W) 
images and characteristic low T2 signal intensity compared 
with the signal intensity of the normal myometrium (11). A 
T2-hyperintense rim may be present and could be attributed 
to edema resulting from obstruction or dilatation of periph-
eral lymphatic vessels and veins (12).

Although contrast material administration is not necessary 
for diagnosis, nondegenerated leiomyomas typically show 
early homogeneous enhancement, similar to the enhance-
ment of the background myometrium.

Leiomyomas have characteristically low signal intensity on 
diffusion-weighted MR images (13,14) and low signal inten-
sity on apparent diffusion coefficient (ADC) maps owing to 
the T2 blackout effect caused by an abundance of hyalinized 
collagen (15). At histologic analysis, intersecting fascicles of 
bland spindle cells with cigar-shaped nuclei are found with-
out atypia, necrosis, or mitotic activity (Fig 1).

Localization of Leiomyomas
Historically, leiomyomas have been described by using a three-
tiered system to indicate their location: submucosal, intramu-
ral, or subserosal. With the development of the FIGO classifica-
tion system (16), more detailed descriptors were applied to aid 
with treatment planning and response assessment. The FIGO 
system was devised to classify abnormal uterine bleeding into 
nine basic categories, with use of the acronym PALM-COEIN 
(polyp, adenomyosis, leiomyoma, malignancy and hyperplasia, 
coagulopathy, ovulatory dysfunction, endometrial, iatrogenic, 

Table 2: MRI Features of Leiomyomas

Leiomyoma Category Histologic Features MRI Findings

Conventional Intersecting fascicles of bland 
spindle cells with cigar-shaped 
nuclei are found without atypia, 
necrosis, or mitotic activity

Circumscribed borders
Homogeneous
Isointensity or low signal intensity on T1W images
Low signal intensity on T2W images
Early homogeneous enhancement, similar to myometrial enhancement
Low signal intensity on ADC maps

Leiomyoma subtypes
  Cellular Compact smooth muscle cells with-

out intervening collagen
Circumscribed borders
Signal intensity higher than that of myometrium on T2W images
Marked avid early enhancement
Mild diffusion restriction and lower ADC levels than those of typical leiomy-

omas
  Lipoleiomyoma Benign smooth muscle prolifer-

ation associated with mature 
adipocytes

Circumscribed borders
Signal intensity similar to subcutaneous fat signal intensity with all pulse 

sequences, with no diffusion restriction or central enhancement

  Apoplectic leiomy-
oma

Sudden hemorrhagic infarction 
leading to coagulative necrosis

Circumscribed borders
Peripheral rim of low signal intensity on T2W images and high signal intensi-

ty on T1W images due to obstructed veins
Lack of contrast enhancement, particularly within the central portion of the 

mass
  Hydropic leiomy-

oma
Edematous stroma that causes com-

partmentalization of the smooth 
muscle cells, resulting in cystic 
spaces with acellular centers

Circumscribed borders
Cystic spaces with well-defined areas of markedly high signal intensity on 

T2W images and low signal intensity without enhancement on T1W images

  Myxoid leiomyoma Interspersed abundant myxoid 
matrix

Circumscribed borders
Low signal intensity on T1W images
High signal intensity on T2W images
Areas of heterogeneous enhancement within hypoenhancing mucinous lakes

Leiomyoma degeneration
  Hyaline degener-

ation
Smooth muscle tumor cells are sur-

rounded by a zone of hyalinized 
fibrous tissue

Circumscribed borders
Areas of hyaline degeneration that are typically isointense on T1W images, 

have low signal intensity on T2W images, and have less enhancement than 
the myometrium

Note.—ADC = apparent diffusion coefficient, T1W = T1-weighted, T2W = T2-weighted.
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and not yet classified). In the FIGO classification system, num-
bers are used to categorize the location of leiomyomas (Fig 2, 
Table 3). Given that this classification is meant to aid in the 
workup of abnormal uterine bleeding, submucosal leiomyo-
mas (FIGO stages 0–2) are differentiated from other leiomyo-
mas that do not involve the endometrium (FIGO stages 3–8).

The FIGO classification system also accounts for overlap 
in the locations of “hybrid” leiomyomas with use of a hy-
phenated designation whereby the first number reflects the 
relationship to the endometrium and the second number re-
flects the relationship to the serosa. For example, a leiomy-
oma whose components are less than 50% submucosal and 
less than 50% subserosal would be labeled as a FIGO stage 2–5 
tumor. The 2018 revision of the FIGO classification includes 
two additional features: an estimate of the number of leiomy-
omas (one, two, three, four, or more than four) and an esti-
mate of the total uterine volume based on imaging findings 
(9). When more than four leiomyomas are present, at mini-
mum, the largest leiomyoma should be measured.

The FIGO system has advanced from the traditional clas-
sification that was based only on the relationships of leiomy-
omas with mucosal surfaces to now include all leiomyomas 
in relation to both mucosal and serosal surfaces. As manage-
ment strategies have advanced to include minimally invasive 
procedural treatments, the FIGO classification system was 
developed as a universally accepted and widely disseminated 

Table 3: FIGO Location-based Subclassifications of Leio-
myomas

Category Stage Location

Submucosal 0 Intracavitary pedunculated: attached to 
the endometrium by a narrow stalk 
(stalk diameter ≤ 10% of the mean 
diameter of the leiomyoma)

1 <50% intramural (≥50% submucosal)
2 ≥50% intramural (<50% submucosal)

Other 3 100% intramural but with contact with 
the endometrium

4 100% intramural; no submucosal or 
subserosal components

5 Subserosal, ≥50% intramural
6 Subserosal, <50% intramural
7 Subserosal-pedunculated: attached to the 

serosa by a narrow stalk (stalk diame-
ter ≤ 10% of the mean diameter of the 
leiomyoma)

8 Nonuterine (eg, cervical, parasitic); spe-
cific location should be described

Hybrid #–# Submucosal and subserosal components; 
first number denotes the submucosal 
component, and second number de-
notes the subserosal component

Additional 
features to 
report

… Total uterine volume
… Estimated number of leiomyomas (one, 

two, three, four, more than four); at 
minimum, measure largest leiomyoma 
when there are four or more tumors

Figure 2. Schematic overview of leiomyoma locations 
based on FIGO subclassification system. Stage 0 = 
intracavitary pedunculated, stage 1 = submucosal with 
less than 50% of tumor being intramural, stage 2 = sub-
mucosal with 50% or more of tumor being intramural, 
stage 3 = intramural with endometrial contact, stage 4 = 
100% intramural, stage 5 = subserosal with 50% or 
more of tumor being intramural, stage 6 = subserosal 
with less than 50% of tumor being intramural, stage 7 = 
subserosal pedunculated.

Figure 1. Nondegenerated conventional leiomyoma 
in a 32-year-old woman. (A) Sagittal T2W MR image 
shows a round T2-hypointense leiomyoma (arrow) of 
the anterior uterine body (FIGO stage 1). (B) The histo-
pathologic specimen from this patient is that of a typi-
cal leiomyoma and shows a fascicular growth of bland 
spindle cells with eosinophilic cytoplasm. (Hematoxy-
lin-eosin [H-E] stain; original magnification, 100.)
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classification system across subspecialties. Assessment of the 
leiomyoma location is important, as misclassifying the loca-
tion of a leiomyoma could lead to treatment complications. 
For example, if a FIGO stage 0 or 1 leiomyoma were embo-
lized, it could result in the leiomyoma passing through the 
cervix, resulting in infection or pain. In the setting of myo-
mectomies, resection of a leiomyoma with a greater than 50% 
extension into the myometrium would increase the risk of 
bleeding, adhesions, or uterine rupture.

Limitations of the FIGO classification system include in-
terobserver variability in FIGO staging, especially in the stag-
ing of large leiomyomas, with increased volume associated 
with more discrepancies (17). Larger leiomyomas result in 
greater distortion of uterine landmarks, leading to difficulty 
assessing myometrial extension (17). As misclassifications 
can result in inappropriate surgical planning, it may be help-
ful for the radiologist to review the imaging findings with the 
gynecologic team before surgery (18).

Submucosal Leiomyomas.—Although submucosal (FIGO 
stages 0–2) leiomyomas occur less frequently (5% prevalence), 
they are the most disruptive, cited as a major cause of abnor-
mal uterine bleeding, infertility, and recurrent pregnancy loss 
(19). If fertility is desired, these leiomyomas require treat-
ment, regardless of their size. Anatomically, submucosal le-
sions are located beneath the mucosa and subdivided into 
three additional categories, depending on the extent of their 
intramural depth (Table 2). FIGO stage 0 leiomyomas may be 
at risk for prolapse, depending on their craniocaudal location 
in the uterus and the length of the stalk (Fig 3).

Other Leiomyomas.—All other (FIGO stages 3–8) leiomyo-
mas, which are without submucosal components, are classi-

fied under the category of “other.” These include common in-
trauterine intramural leiomyomas and the rarer extrauterine 
leiomyomas (Table 2). The symptoms from tumors in these 
leiomyoma categories are most often related to their large size 
(bulk symptoms), which results in mass effect on adjacent 
structures such as the bowel and bladder.

Subserosal leiomyomas, FIGO stages 6 and 7 in particular, 
may be difficult to distinguish from adnexal or other pelvic 
(rather than a primary uterine) masses. In this setting, the 
identification of bridging vessels between the uterus and the 
mass indicates a uterine origin of the mass and a confident 
diagnosis of leiomyoma (20). On T2-weighted (T2W) MR im-
ages, bridging vessels appear as curvilinear signal voids (Fig 
4), and on postcontrast MR images, a claw sign with the adja-
cent uterine tissue should be carefully examined. The pedun-
culated morphology of these leiomyomas places them at risk 
for torsion (Fig 5) and detachment into the peritoneum.

Leiomyoma Subtypes

Cellular Leiomyomas.—Significantly more cellular than the 
normal myometrium, cellular leiomyomas have a soft cut 
surface showing a tan to yellow color. Microscopically, they 
have cellular density that is typically seen in endometrial 
stromal neoplasms but without cytologic atypia or increased 
mitotic activity (fewer than four mitoses per square millime-
ter). Large thick-walled vessels are often present throughout 
the tumor.

At imaging, cellular leiomyomas tend to appear as a single 
large uterine mass with higher signal intensity than conven-
tional leiomyomas and the myometrium on T2W MR images 
(Fig 6) (14). The T2 hyperintensity of cellular leiomyomas re-
flects fluid-rich tissues that have abundant blood vessels, with 
avid early enhancement compared with the myometrium and 
earlier enhancement than conventional leiomyomas (14). 
Their hypercellularity can result in mild diffusion restriction 
relative to the myometrium, with lower ADC levels than typi-
cal leiomyomas (21). In the study by Tasaki et al (21) involving 
168 lesions, the ADC values for the two cellular leiomyomas 
were 0.92 × 10−3 mm2/sec and 0.75 × 10−3 mm2/sec, while the 
mean ADC for leiomyomas was 1.30 × 10−3 mm2/sec. Com-
pared with leiomyosarcomas, cellular leiomyomas are typ-
ically more homogeneous in appearance and enhancement, 
with no necrosis (14).

Lipoleiomyoma.—Leiomyomas containing a variable amount 
of mature adipocytes admixed with smooth muscle cells are 
referred to as lipoleiomyomas (Fig 7), which are usually found 
in postmenopausal patients. The fat is not the result of degen-
eration but rather of fatty metaplasia of smooth muscle cells 
(22). Histopathologic specimens show benign smooth muscle 
proliferation associated with mature adipocytes (23).

CT shows a well-circumscribed mass containing macro-
scopic fat (attenuation less than −10 HU to −20 HU). On MR 
images, the fatty components have signal intensity similar to 
fat signal intensity with all pulse sequences, with no diffusion 
restriction or central enhancement. Fat-saturated MR images 
show suppression of bulk fat in the lesion.

Figure 3. FIGO stage 0 leiomyoma in a 42-year-old 
woman who presented with heavy menses. Sagittal T2W 
MR image shows a hypointense pedunculated conven-
tional leiomyoma (arrow) extending from the lower uter-
ine segment into the upper vagina. The thin stalk (arrow-
head) can be seen within the endocervical canal. There 
is also a FIGO stage 1 submucosal leiomyoma partially 
imaged in the superior aspect of the endometrium.
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Apoplectic Leiomyoma.—The apoplectic leiomyoma subtype 
is associated with red or hemorrhagic degeneration (24), 
which is also referred to as carneous degeneration. On gross 
pathologic specimens, there is classically a mottled dark red 
appearance (25), which is due to sudden hemorrhagic infarc-
tion from thrombosis of peripheral drainage veins, leading to 
coagulative necrosis (25). The histopathologic description is 
that of ischemia or infarct. This type of degeneration has his-

torically been associated with pregnancy or oral contraceptive 
use, and patients classically present with acute lower abdom-
inal pain. The degeneration associated with apoplectic leio-
myoma is distinct from other types of degeneration owing to 
the possible systemic manifestations of fever and leukocyto-
sis, which pose a diagnostic dilemma in pregnant patients be-
cause of the overlap in symptoms with other acute processes 
such as appendicitis and cholecystitis.

Acute and chronic cases can have different imaging ap-
pearances, depending on the stage of hemorrhage. The apo-
plectic leiomyoma subtype most commonly demonstrates dif-
fuse high signal intensity on T1W MR images, with variable 
appearances, ranging from hyperintensity to hypointensity, 
on T2W MR images (26). At MRI, there is often a distinct pe-
ripheral rim of low T2 signal intensity (27) and a rim of high 
T1 signal intensity (Fig 8), reflecting thrombosed peripheral 
vessels. At contrast-enhanced MRI, there is a lack of enhance-
ment, particularly within the central portion of the mass, due 
to a loss of blood supply.

Hydropic Leiomyoma.—Hydropic degeneration, also referred 
to as cystic degeneration, is a rare subtype characterized by a 
prominent edematous stroma that causes compartmentaliza-
tion of the smooth muscle cells (8), resulting in cystic spaces 
with acellular centers (10). These cystic spaces may be appre-
ciated at imaging. MR images show well-defined areas of fluid 
signal intensity, which appear as marked T2 hyperintensity 
and T1 hypointensity without enhancement (Fig 9).

Myxoid Leiomyoma.—At pathologic analysis, myxoid leiomy-
oma is defined by a well-circumscribed smooth muscle tumor 

Figure 4. Large exophytic FIGO stage 7 myxoid subserosal leiomyoma in a 38-year-old woman who presented 
with pelvic pain. (A) Sagittal T2W MR image shows a T2 heterogeneous mass with bridging vessels that appear as 
T2-hypointense flow voids (arrows) between the mass and the posterior uterine body, compatible with their origin 
from the uterus. (B) Axial T2W MR image at the level of approximately the middle arrow in A shows the black flow 
voids, representing the cluster of uterine vessels bridging the uterine fundus anteriorly (arrow, dashed outline) and 
the leiomyoma posteriorly and laterally.

Figure 5. Confirmed torsed fundal FIGO stage 7 
exophytic pedunculated leiomyoma in a 31-year-old 
woman who presented with acute-onset pelvic pain. 
Coronal T2W MR image shows a T2 heterogeneous 
leiomyoma with central T2 hypointensity in a cork-
screw configuration, corresponding to the twisted 
pedicle (arrow). The T2-hypointense twisted portion 
is contiguous with the myometrium.
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Figure 6. Cellular leiomyoma found in a 38-year-old woman who presented for evaluation of severe menorrhagia. (A) Axial T2W MR image shows a large left 
uterine body leiomyoma (arrows) with slightly greater T2 signal intensity compared with the myometrium and other leiomyomas of the uterus (f). (B) Sagittal 
early postcontrast T1W fat-saturated MR image shows greater enhancement of the cellular leiomyoma (arrow) compared with the myometrium and other usual 
leiomyomas. (C, D) Axial diffusion-weighted MR image (C) and ADC map (D) show the cellular leiomyoma (arrow), with hyperintensity in C and corresponding 
low ADC signal intensity (measured region-of-interest [ROI] ADC, 0.945  10−3 mm2/sec) in D. Intraoperatively, the cellular leiomyoma demonstrated a softer 
consistency than the other leiomyomas. (E) Photomicrograph shows the cellular tumor to be composed of cellular spindle cell proliferation without eosinophilic 
cytoplasm. The thick-walled vessels at the periphery (arrows) are characteristic of cellular leiomyoma. (H-E stain; original magnification, 200.)

Figure 7. New pelvic mass confirmed 
to be a lipoleiomyoma in a 49-year-old 
woman. (A) Axial T1W MR image shows a 
large uterine mass with heterogeneous 
signal intensity, including many locules of 
T1 hyperintensity, particularly along the 
periphery of the mass (arrow). (B) Axial 
postcontrast T1W fat-saturated MR image 
shows corresponding suppression of T1 hy-
perintensity within the mass (arrow), similar 
to that in subcutaneous and peritoneal fat, 
compatible with bulk fat. (C) Photomicro-
graph shows benign smooth muscle cells 
associated with mature adipocytes (arrow). 
(H-E stain; original magnification, 200.)

with abundant extracellular stroma myxoid material (hyal-
uronic acid–rich mucopolysaccharides) without cytologic 
atypia or mitotic activity (28). At MRI, it typically appears as 
a large heterogeneous mass that is hypointense to muscle on 
T1W images and with heterogeneous T2 hyperintensity ascrib-
able to myxoid deposition (Fig 10). At diffusion-weighted im-
aging, owing to its myxoid contents, myxoid leiomyoma does 
not show restricted diffusion. These leiomyomas may have an 
appearance similar to that of cystic degeneration, with high 
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T2 signal intensity; however, there are areas of heterogeneous 
enhancement within the hypoenhancing myxoid lakes and no 
obvious central nonenhancing necrotic component. The MRI 
signal intensity features of myxoid leiomyomas may overlap 
with those of myxoid-type leiomyosarcomas.

Leiomyoma Degeneration
Leiomyomas can undergo one or several types of degenera-
tion that may alter their imaging appearance. In a pathologic 
study involving 298 patients, degeneration was demonstrated 
in 65% of specimens (25). As leiomyomas enlarge, the likeli-
hood of degeneration increases. Additional causes of degener-
ation can include trauma, postmenopausal atrophy, and prior 
therapy changes such as uterine fibroid embolization (UFE). 
Bleeding, calcification, and necrosis due to decreased vascu-
lar supply are common in degenerated leiomyomas. However, 
these tumors maintain a circumscribed border and have no 
cellular necrosis on pathologic specimens; these findings can 
manifest as T1-hyperintense areas on MR images.

The most common form of leiomyoma degeneration is hy-
aline degeneration, whereby smooth muscle is replaced by 
collagen, which is present in up to 60% of leiomyomas (29). At 

histopathologic analysis, there is hyalinization of the stromal 
component with collection of proteinaceous tissue, leading 
to homogeneous eosinophilic bands (30). Ghost outlines of 
typical smooth muscle cells are surrounded by a zone of hya-
linized fibrous tissue. At MRI, areas of hyaline degeneration 
typically enhance less than the myometrium while appearing 
isointense on T1W images and hypointense on T2W images 
(Fig 11). These findings are in contrast to those of a typical 
leiomyoma, which, similar to the myometrium, demonstrates 
early homogeneous enhancement. Hemorrhagic, cystic, and 
myxoid degeneration of leiomyomas is also possible and may 
satisfy additional histopathologic criteria to be subtyped as 
apoplectic, hydropic, and myxoid leiomyoma, respectively, in 
the 2020 WHO 2020 classification of smooth muscle tumors. 
However, these forms of degeneration may also be found his-
topathologically within a leiomyoma without meeting the cri-
teria for a specific leiomyoma subtype (8).

Intravenous Leiomyomatosis
Intravenous leiomyomatosis is an intravascular growth of 
smooth muscle cells in the absence of or beyond the confines 
of a leiomyoma, sometimes with pelvic or even extrapelvic 

Figure 8. Apoplectic leiomyoma with hemorrhagic degeneration in a 26-year-old woman taking oral contraceptives who presented with acute pelvic pain. 
(A) Sagittal T2W MR image shows heterogeneous T2 signal intensity of a single large leiomyoma with a hypointense rim (arrow). (B) Sagittal T1W fat-satu-
rated MR image shows hyperintensity of the leiomyoma (arrow), particularly at the periphery. The leiomyoma showed little enhancement on postcontrast MR 
images (not shown). (C) Histopathologic specimen shows the leiomyoma with ischemia and infarct; the arrows point to a central area of mummified smooth 
muscle cells and hemorrhage associated with dilated vessels. (H-E stain; original magnification, 10.)

Figure 9. Hydropic leiomyoma in a 
51-year-old woman with bulk symptoms, 
including abdominal bloating, who under-
went laparoscopic myomectomy. (A) Axial 
T2W MR image shows a large FIGO stage 
5 leiomyoma (arrow) with heterogeneous 
signal intensity in the right uterine body. 
There are confluent areas of T2 hyperin-
tensity, particularly along the periphery 
of the tumor. (B) Corresponding axial 
postcontrast T1W fat-saturated subtraction 
MR image shows a well-demarcated area 
lacking enhancement (arrow) in the regions 
of the leiomyoma with T2 hyperintensity, 
compatible with hydropic leiomyoma.
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extension. It is characterized by the presence of bland smooth 
muscle cells within veins of the uterus or systemic veins (Fig 
S1), from implants of previously resected or concurrent leio-
myomas. There are several case reports of leiomyomatosis 
extending to the right atrium, which may result in fatal ob-
struction. The signal intensity of the smooth muscle within 
the veins typically reflects that of the uterine leiomyoma and 
therefore may be variable, but the morphologic appearance is 
that of wormlike expansion in the pelvic veins (31). Patholog-
ically, this entity is defined by the presence of benign smooth 
muscle cells that resemble conventional leiomyoma or one 
of the leiomyoma subtypes within vascular spaces—usually 

veins, or less commonly lymphatic spaces, but not arteries. 
There is generally a significant risk of recurrence, even many 
years after surgical resection (32). The differential consider-
ation is leiomyosarcoma of the inferior vena cava, which can-
not be differentiated on the basis of imaging findings unless 
there is abdominal solid-organ invasion.

Smooth Muscle Tumors of Uncertain Malignant 
Potential

In the WHO classification, smooth muscle tumors of uncer-
tain malignant potential (STUMP) are designated as uterine 
smooth muscle tumors that are not unequivocally benign or 

Figure 10. Long-standing pelvic mass, with new myxoid degeneration compatible with myxoid 
leiomyoma (ML), in a 38-year-old woman. (A, B) Axial precontrast (A) and postcontrast (B) T1W 
fat-saturated MR images show hypointensity of the myxoid leiomyoma (arrow), with corresponding 
heterogeneous hypoenhancement. There are no clearly demarcated regions of nonenhancement 
within the ML owing to the presence of mucinous lakes, which show hypoenhancement. (C) Axial 
ADC map shows no significant areas of diffusion restriction (arrow) (region-of-interest ADC, 1.888 
 10−3 mm2/sec). Figure 4 shows corresponding T2W MRI findings in this patient. (D) Histopatho-
logic specimen shows abundant myxoid matrix. The smooth muscle cells are benign appearing, 
and the area of smooth muscle proliferation is well demarcated from the myxoid matrix. Arrows 
point to the areas of myxoid degeneration. (H-E stain; original magnification, 100.)

Figure 11. Confirmed leiomyoma with hyaline degeneration in a 34-year-old woman with a history of pelvic pain. (A) Axial T2W MR image shows a leiomy-
oma (arrow) with relatively uniform hypointensity, as is typically seen with these tumors. (B) Coronal postcontrast T1W fat-saturated MR image shows mildly 
heterogeneous enhancement of the leiomyoma, which was T1 isointense on the precontrast MR image (not shown). Areas of hyaline degeneration (arrow) 
are shown to enhance less than the adjacent myometrium. (C) Histopathologic specimen shows the leiomyoma with hyaline degeneration. (H-E stain; origi-
nal magnification, 100); arrows show the clear demarcation between the leiomyoma and the hyaline zone (light pink area).
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malignant at histologic analysis. STUMP should not be used 
histopathologically as a “waste bucket”–type diagnosis (Fig 
12). Uterine smooth muscle tumors with one of the following 
features are usually regarded as STUMP: (a) no other worri-
some features except tumor cell necrosis; (b) moderate to se-
vere cytologic atypia and an uncertain mitotic count or necro-
sis of uncertain type; or (c) multifocal or diffuse, moderate to 
severe cytologic atypia and six to nine mitotic figures per 10 
high power fields but no tumor cell necrosis (33).

Differentiation between STUMP, leiomyoma, and leiomyo-
sarcoma is difficult due to overlapping imaging features. Cen-
tral nonenhancing pockets that are T2 hyperintense are more 
commonly seen with STUMP and leiomyosarcoma than with 
leiomyoma (34). The solid component of STUMP tends to ex-
hibit diffusion restriction (35) (Fig 12). Given the overlap in 
imaging appearances between STUMP and frank uterine ma-

lignancies, patients with STUMP typically undergo hysterec-
tomy. For unsuspected tumors diagnosed at pathologic analy-
sis, patients require imaging surveillance if myomectomy was 
performed instead of hysterectomy, as 5%–30% of STUMPs 
will metastasize or recur locally in an aggressive fashion (33).

Metastasizing Leiomyoma
Metastasizing leiomyoma is recognized in the WHO classi-
fication of uterine smooth muscle tumors and is classified 
separately from leiomyoma, leiomyosarcoma, and STUMP. 
It is characterized by the hematogeneous metastasis of leio-
myomas to extrauterine sites in patients who have a history 
of uterine leiomyomas, often with a history of hysterectomy 
(36). The most common location of leiomyoma metastasis is 
the lungs (Fig S2). These metastases may manifest as single 
or multiple smoothly marginated nodules with occasional 

Figure 12. Multiple pelvic masses, including a STUMP tumor and multiple leiomyomas, in a 36-year-old woman with bulk symp-
toms, including abdominal fullness. (A) Coronal T2W MR image shows a heterogeneously hyperintense right upper quadrant subse-
rosal FIGO stage 7 uterine mass (arrow), which was found to be a STUMP tumor at pathologic analysis. Additional intramural uterine 
masses, consistent with leiomyomas, are partially visualized. (B) Axial postcontrast T1W fat-saturated MR image shows avid hetero-
geneous arterial phase hyperenhancement of the mass (arrow), which was hypointense on precontrast MR images (not shown).  
(C, D) Axial diffusion-weighted (C) and ADC (D) MR images show the mass (arrow) with avid diffusion restriction in C and corre-
sponding ADC hypointensity in the right anterior aspect of the mass in D. The region-of-interest (ROI) ADC measurement in the 
enhancing, more T2-hyperintense, darker ADC portion of the mass is 0.863  10−3 mm2/sec. (E) Histopathologic specimen shows a 
well-circumscribed myometrial mass with cellular epithelioid cell proliferation, with no necrosis identified. (H-E stain; original magnifi-
cation, 40.) The tumor is predominantly composed of epithelioid smooth muscle cells with eosinophilic cytoplasm, with moderate 
cytologic atypia (arrow in inset [H-E stain; original magnification, 400]), consistent with a STUMP tumor.
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cavitation. Patients are typically asymptomatic, and the clini-
cal course is indolent (37). The differential diagnosis includes 
pulmonary metastases, with biopsy often required for a de-
finitive diagnosis. Spontaneous resolution of these metastatic 
leiomyomas has been described in the literature (38).

Leiomyosarcoma
Leiomyosarcoma is defined as a malignant, highly aggres-
sive mesenchymal neoplasm of smooth muscle lineage. The 
5-year survival rate in patients who have this malignancy with 
metastases is 10%–15% (39). At pathologic analysis, these neo-
plasms have prominent nuclear atypia, areas of geographic 
coagulative tumor cell necrosis, and 10 or more mitoses per 10 
high power fields. There are three main morphologic types of 
leiomyosarcoma: conventional (spindle cell), epithelioid, and 
myxoid. Leiomyosarcomas account for less than 1% of uterine 
tumors but are the most common type of uterine sarcoma, 
and it can be difficult to differentiate them from leiomyoma 
subtypes and degeneration, from both a clinical and an im-
aging perspective. Owing to overlapping features, up to 0.28% 
of surgically resected presumed benign leiomyomas are diag-
nosed as leiomyosarcoma at pathologic analysis (40).

The clinical characteristics of leiomyosarcoma are non-
specific, overlapping with those of leiomyoma, and include 
bleeding, palpable pelvic masses, and pelvic pain (41). Demo-
graphic risk factors for leiomyosarcoma include Black race, in 
whom there is a twofold higher incidence compared with the 
incidence among White persons (42,43), and postmenopausal 
status, with age older than 50 years conferring a more than 
four times greater incidence (42). Most of these tumors arise 

de novo, with a rare subset of them arising from existing leio-
myoma through malignant transformation (44). Therefore, in 
a postmenopausal patient, a new or enlarging uterine mass 
should raise concern for leiomyosarcoma (Fig 13) (45,46).

Elevated levels of serum markers such as lactate dehydro-
genase (LDH) and cancer antigen 125 (CA-125) were initially 
believed to be predictors of leiomyosarcoma. However, these 
markers are nonspecific. LDH, an enzyme in the glycolytic 
pathway, is associated with higher expression in cancer cells 
and can be elevated in many cancers, including leiomyo-
sarcoma, breast cancer, and hepatocellular carcinoma (47). 
However, LDH levels may also be elevated in leiomyomas 
(48). Elevated CA-125 levels can be seen in 1%–2% of healthy 
individuals (49) or with other conditions including menstru-
ation, endometriosis, pregnancy, and conditions resulting in 
peritoneal inflammation (47).

Since leiomyomas can be managed expectantly or with 
minimally invasive treatments, a missed diagnosis of leio-
myosarcoma could result in adverse treatment delays or 
worse oncologic outcomes. These factors emphasize the 
importance of preprocedural imaging and the role of the ra-
diologist in identifying leiomyosarcoma or raising suspicion 
before treatment, which could ensure that leiomyosarcoma 
dissemination or a delayed diagnosis is avoided. In recent 
years, there has been renewed interest in the preoperative 
differentiation of leiomyoma from leiomyosarcoma, espe-
cially given the changing advice on morcellation.

The technique of morcellation can be used in both open 
and minimally invasive surgical approaches, with the goal 
of reducing a large leiomyoma to smaller pieces for ease of 

Figure 13. Confirmed pleiomorphic undifferentiated leiomyosarcoma in a 65-year-old woman who 
presented with new vaginal bleeding. (A) Coronal T2W MR image shows an irregularly lobulated het-
erogeneous mass (arrow) with intermediate signal intensity (slightly greater than the signal intensity 
of myometrium) anteriorly. (B, C) Axial precontrast (B) and postcontrast (C) T1W fat-saturated MR im-
ages show heterogeneously enhancing lobulated tissue (arrow) anteriorly and eccentric and irregular 
nonenhancing hyperintense hemorrhage (arrowhead) within the mass posteriorly. (D) Axial ADC map 
shows restricted diffusion within the enhancing portions of the mass (arrow) (ROI ADC, 0.467  10−3 

mm2/sec).
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removal through a small incision (50). In 2014, the U.S. Food 
and Drug Administration deemed the use of laparoscopic 
power morcellators to be contraindicated and advised discus-
sions with the patient regarding the risk of disseminating an 
unsuspected leiomyosarcoma (51). This decision was made af-
ter a highly publicized case of disseminated leiomyosarcoma 
following a laparoscopic hysterectomy performed with open 
morcellation (52). Subsequent to these recommendations, 
many institutions have discouraged the use of morcellation, 
resulting in a decrease in minimally invasive hysterectomies 
and increased rates of complications (53,54).

Since 2020, the FDA’s recommendation for the use of 
power morcellators has been reinstated, with the inclusion of 
guidelines to use a containment system in which tissue is di-
rectly placed into a plastic pouch within the peritoneal cavity, 
as open (uncontained) approaches increase the risk of tissue 
dissemination (55). Therefore, risk stratification before sur-
gery is needed to optimize minimally invasive surgeries for 
the majority of leiomyomas, with open hysterectomy reserved 
for suspected leiomyosarcoma.

US is often the first imaging modality used; however, it 
does not enable reliable tumor differentiation, as there is sig-
nificant overlap in the imaging characteristics of leiomyoma 
and leiomyosarcoma, with the latter generally appearing as 
a large inhomogeneous mass distorting the uterine architec-
ture, with hemorrhage and necrosis (56).

Due to superior soft-tissue characterization, a large field of 
view, and multiplanar sequences, MRI is the most accurate mo-

dality for characterization of uterine masses. Leiomyosarcoma 
classically appears as a new or enlarging solid uterine mass 
with intermediate to high T2 signal intensity, high T1 signal in-
tensity, and central nonenhancing regions with irregular mar-
gins in postmenopausal women (Figs 13, 14; Table 4) (57,58).

High T2 signal intensity of the leiomyosarcoma, as com-
pared with the signal intensity of the background myome-
trium, may be a marker of increased tissue cellularity (Fig S3) 
(59). This can be seen in leiomyosarcomas, STUMPs, and cellu-
lar leiomyomas; however, there is overlap in signal intensity be-
tween these neoplasms and myxoid or hydropic degeneration. 
There is a high prevalence (96%) of T2 hyperintensity in both 
leiomyosarcoma and leiomyoma but a low prevalence (4%) of 
T2-hypointense leiomyosarcoma (60). Leiomyosarcoma typi-
cally demonstrates high T2 signal intensity within the solid via-
bly enhancing portion of the mass (61). In contrast, leiomyoma 
degeneration also may show high T2 signal intensity but usu-
ally without enhancement (59,60). Like myxoid leiomyoma, 
myxoid leiomyosarcoma, a more aggressive form of leiomyo-
sarcoma, can appear with heterogeneous, multilocular, marked 
T2 hyperintensity with progressive contrast enhancement. Un-
like their benign counterparts, myxoid leiomyosarcomas poten-
tially can be distinguished by diffusion restriction in portions 
of the mass that demonstrate corresponding T2 hyperintensity 
and contrast enhancement (Fig 15) (62).

The diffusion-weighted imaging b factor and the ADC, 
measures of cellular density, have been investigated for their 
usefulness in diagnosing leiomyosarcoma (63–65). Low ADC 

Figure 14. Uterine mass found to be leiomyosar-
coma in a 57-year-old woman who underwent MRI 
for evaluation of a fibroid uterus. (A) Axial T2W MR 
image shows a multilobulated myometrial mass 
(arrows) with heterogeneous hyperintensity, ex-
tending inferiorly to replace the cervix and invade 
the superior vagina. (B) Axial ADC map shows het-
erogeneous diffusion restriction in the mass (ar-
row) (ROI ADC, 0.609  10−3 mm2/sec). (C) Sagittal 
precontrast T1W fat-saturated MR image shows 
scattered crescentic hyperintensity (arrows) at 
the periphery of the lobulated mass due to hem-
orrhage or necrosis. (D) Sagittal postcontrast T1W 
fat-saturated subtraction MR image shows hetero-
geneous enhancement in mainly the superior part 
of the mass (arrow).
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values have been described as concerning for leiomyosar-
coma in multiple studies. However, the cutoff ADC among 
studies ranges from less than 1.23 × 10−3 mm2/sec to less than 
0.82 × 10−3 mm2/sec (21,34,45,58,61,63–69). Quantitatively, 
a small region-of-interest (ROI) ADC measurement of the 
solid enhancing tissue of less than or equal to 0.905 × 10−3 

mm2/sec in the mass region with the lowest signal intensity 
is strongly associated with leiomyosarcoma, as suggested in 
a relatively recent retrospective study (67), in which a sensi-
tivity of 88% and specificity of 100% in the validation set were 
reported. This value has also been suggested as a cutoff ADC 
in a recent expert consensus review (66).

Qualitatively, the signal intensity of the solid enhancing 
portion of the mass that is higher than or equal to the sig-
nal intensity of the endometrium or lymph nodes on a b = 
1000 sec/mm2 diffusion-weighted image is considered mod-
erate evidence of leiomyosarcoma (34,63–65). An enhancing 
portion of the mass should be measured, as nonenhancing 
areas of hemorrhage or cystic portions may also have low 
ADC values. In addition, one should keep in mind that there 
is overlap in ADC values between the highly cellular leiomy-
oma and leiomyosarcoma (63) due to water restriction caused 
by increased cellularity.

During the past 2 decades, multiparametric MRI has emerged 
as the most promising approach for differentiating leiomyoma 
from leiomyosarcoma. A review of the current literature re-
veals that the features most strongly associated with leiomyo-
sarcoma include (a) intermediate to high signal intensity at 
T2W MRI and (b) high signal intensity at high–b-value (1000 
sec/mm2) diffusion-weighted imaging, with corresponding low 

signal intensity at ADC mapping (Fig S4) (21,34,45,58,61,63–
69). According to a recent expert consensus review (66), the 
combination of these features potentially yields an accuracy of 
88.0%–94.6% for detecting leiomyosarcoma. Although they are 
uncommonly seen in leiomyosarcomas, peritoneal implants 
and pelvic lymphadenopathy (heterogeneous T2 signal inten-
sity with a short axis of ≥1 cm) are two additional features that 
are strongly associated with malignancy (58,67,70).

Additional features that are potentially suggestive of leio-
myosarcoma include irregular margins, hemorrhage or ne-
crosis, and enhancement (66). Although irregular margins 
are frequently cited as a potential feature of leiomyosar-
coma, there is a lack of consensus regarding the definition 
of these margins, and margin descriptors such as ill defined, 
nodular, and lobulated have been used across different stud-
ies (35,58,61). A recent expert consensus statement (66) sug-
gests a definition for irregular borders as the outer border of 
the mass demonstrating abrupt angular margins, which may 
be present with or without soft-tissue protrusions into the 
parenchyma. This finding may be present in only one por-
tion of the mass (66). Hemorrhage or necrosis is defined as 
T1 hyperintensity without enhancement, typically within 
the central portions of the mass (35,58–60,67,68), which is 
cited as a feature of leiomyosarcoma by a few smaller-scale 
studies; however, overlap in this feature can be seen with de-
generated leiomyomas.

Although hyperenhancement is not limited to leiomyo-
sarcomas, the presence of enhancement is important in the 
analysis of additional features such as ADC and diffusion 
measurements in solid, viable, enhancing portions of the 

Table 4: MRI Features and Clinical Information Used to Differentiate Leiomyosarcoma from Leiomyoma

Leiomyosarcoma Features Description*

Most concerning features
  T2-intermediate or high T2 

  signal intensity
T2 signal intensity is similar to or increased compared with signal intensity of background myometrium 

and should be measured in a region of the solid enhancing portion of the mass
  High signal intensity on DW
    images

On high–b-value diffusion-weighted images, signal intensity is equal to or greater than signal intensity of 
endometrium or lymph nodes in the solid enhancing portion of the mass

  Low signal intensity on ADC 
  maps

Reported ADC cutoff values vary among studies; however, a recent retrospective study (67) showed high 
sensitivity and specificity with use of a cutoff ADC of less than or equal to 0.905 × 10−3 mm2/sec, as 
endorsed by a recent expert consensus review (66)

A small ROI should be placed in the portion of the mass with the lowest signal intensity; in addition, the 
ROI should be placed in a viable enhancing portion of the mass, avoiding nonviable hemorrhage or 
necrosis

  Peritoneal implants Rarely seen but high association with malignancy
  Pelvic lymphadenopathy
  Postmenopausal status Age ≥ 50 years (four times greater incidence)

Potentially helpful secondary features
  Irregular margins The outer border of the mass demonstrates abrupt angular margins, which may be present with or with-

out soft-tissue protrusions into the parenchyma; this can involve only one portion of the mass
  Hemorrhage and necrosis Nonenhancing high–T1-signal-intensity regions with variable T2 signal intensity, typically within the 

central portion of the mass
  Enhancement Nonspecific; may see hyperenhancement or finger-like projections; however, enhancement is an im-

portant parameter to assist with analysis of additional features such as measurements of T2, diffu-
sion-weighted imaging, and ADC values within solid, viable, enhancing portions of the mass

* Numbers in parentheses are reference numbers.
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mass. Finger-like enhancing areas with central nonenhanc-
ing pockets of high T2 signal intensity can be seen with leio-
myosarcoma, with the nonenhancing areas correlating to 
cellular necrosis (34,48). This appearance is different from 
the speckled nonenhancing areas of hyaline degeneration, 
which are usually smaller and scattered throughout the 
mass (34). It should be noted that intracavitary masses with 
finger-like enhancing projections are more commonly seen 
in high-grade endometrial stromal sarcomas than in leio-
myosarcomas, with both mass types managed surgically.

In multiple studies, MRI features have been incorporated 
into a decision tree for the prediction of leiomyosarcoma, 
most often with the first determination being whether there 
is high T2 signal intensity of the solid portion of the mass 
(60,61,66,71). The signal intensities on diffusion-weighted 
and ADC images are subsequently examined. Afterward, 
studies vary in terms of the incorporation of other features, 
which can include margins, hemorrhage, necrosis, and/or 
T1 signal intensity. As most of the studies published to date 
have been retrospective with small sample sizes, future multi-
center, prospective, machine-learning, and radiomics studies 
are required for additional validation.

In summary, a new or enlarging uterine mass in a post-
menopausal patient, with a solid enhancing area of inter-

mediate or high T2 signal intensity, signal intensity greater 
than or equal to the signal intensity of the endometrium on 
high–b-value diffusion-weighted images, and an ADC of less 
than or equal to 0.905 × 10−3 mm2/sec, are concerning for 
leiomyosarcoma, with irregular margins, hemorrhage, and 
central nonenhancing areas as potential secondary features. 
However, there can be overlap of these features in nonma-
lignant entities, especially cellular leiomyoma and STUMP. 
Ultimately, cases should be discussed at multidisciplinary tu-
mor boards, with the patient’s age, desire for fertility, and level 
of concern regarding the MRI features taken into account to 
guide management.

Other Growth Patterns
Extrauterine leiomyomas have imaging characteristics that 
are similar to those of typical leiomyomas but with atypical 
locations. As such, radiologist familiarity with uncommon 
growth patterns is required for an accurate diagnosis, as many 
of these tumors with uncommon locations may mimic pelvic 
malignancies.

Parasitic Leiomyoma
Parasitic leiomyoma is classically described as a peduncu-
lated subserosal leiomyoma that loses its original attachment 
to the uterus, becoming adherent and sustaining growth 
through neovascularization from adjacent structures. This is 
an increasingly recognized complication, seen after morcel-
lation at laparoscopic myomectomy or hysterectomy (72,73), 
that is due to small residual fragments of leiomyoma im-
planting in the abdominal cavity and developing an auxil-
iary blood supply from adjacent structures.

Figure 15. Large pelvic mass, found to be recurrent myxoid leiomyosarcoma, in a 
55-year-old woman with a history of hysterectomy several years earlier. (A) Sagittal T2W 
MR image shows a lobulated mass (arrow) with predominant intermediate signal intensity 
displacing the bladder anteriorly. There is curvilinear hyperintense signal intervening 
between islands of intermediate signal intensity. (B) Axial postcontrast T1W fat-saturated 
MR image shows heterogeneous hyperenhancement within the mass (arrow). (C) Axial 
ADC map shows restricted diffusion in the mass (arrow) (ROI ADC, 0.684  10−3 mm2/
sec). (D) Histopathologic whole-mount specimen of myxoid leiomyosarcoma shows an 
infiltrative tumor with significant myxoid change and an area of necrosis (red arrow). (H-E 
stain, whole mount view; original magnification, 2.) High-power–magnification specimen 
(inset) shows occasional atypical cells (white arrow) and a mitotic figure (arrowhead). (H-E 
stain; original magnification, 400.)
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Diffuse Peritoneal Leiomyomatosis
Diffuse peritoneal leiomyomatosis, also known as dissemi-
nated peritoneal leiomyomatosis, is a rare benign condition 
in which multiple firm nodules are scattered along the pelvic 
peritoneum (Fig 16) (10,74). These nodules are derived from 
the metaplasia of submesothelial cells and are histologically 
identical to typical or cellular leiomyoma, with little or no 
cytologic atypia and low mitotic activity. They are usually 
seen in high-estrogen settings, such as pregnancy and oral 
contraceptive use. Diffuse peritoneal leiomyomatosis usu-
ally has a benign course, with spontaneous regression after 
hormone use has stopped. In terms of imaging, leiomyo-
matosis is better evaluated with MRI, and the nodules have 
an appearance similar to that of leiomyomas. Unlike with 
metastatic disease, with diffuse peritoneal leiomyomatosis, 
there is no evidence of omental caking or ascites.

Management Options and Role of Imaging
Asymptomatic individuals are usually managed expectantly 
without treatment. For symptomatic patients, the location 
of the leiomyoma and the patient’s desire to maintain fer-
tility are important management considerations. Surgical 
management includes myomectomy performed by using 
hysteroscopic, laparoscopic, and open resection approaches, 
depending on the location and number of leiomyomas, and 
hysterectomy. Nonsurgical interventions include uterine fi-
broid embolization (UFE) and MRI-guided focused US sur-
gery. Medical management includes hormonal therapy to 
decrease bleeding and leiomyoma size and anti-inflammatory 
medications to control pain.

Myomectomy
Myomectomy is an option for patients who would like to im-
prove or preserve fertility. It can be performed by using a hys-
teroscopic or laparoscopic approach, or with laparotomy.

Hysteroscopy is a minimally invasive endoscopic approach 
in which the uterus is accessed through the vagina and cervix 
for resection of submucosal leiomyomas (FIGO stages 0–2) 
(75,76). Due to abutment of the endometrium by FIGO stage 

3 leiomyomas, FIGO recommends hysteroscopy as the stan-
dard procedure for the differentiation of FIGO stage 3 versus 
FIGO stage 2 leiomyomas (16). FIGO stage 3 or 4 lesions are 
more often removed laparoscopically or with laparotomies 
(9). The intramural extension, defined as the shortest distance 
between the uterine serosa and deepest portion of the leiomy-
oma from the endometrium, should be measured (77). This 
is an important feature for determining the feasibility of hys-
teroscopic resection: If the distance is less than 5–8 mm, in-
traoperative US and/or laparoscopy may be needed to prevent 
uterine rupture or injury to extrauterine structures (78).

Laparoscopic and Open Hysterectomy
Symptomatic leiomyomas are one of the main indications for 
hysterectomy, which has long been considered the standard 
surgical treatment, particularly for patients who do not de-
sire fertility preservation. Laparoscopic access is commonly 
used, but if the uterine volume is greater than or equal to 
the volume at 15–16 weeks pregnancy or the weight is more 
than 500 g, open hysterectomy is preferred owing to difficulty 
gaining laparoscopic access to the uterine vascular pedicles 
and suboptimal visualization of adjacent structures, which 
increase the risk of injury (79,80).

Uterine Fibroid Embolization
UFE is a nonsurgical complete uterine therapy performed 
by injecting embolizing material into the uterine arteries. 
Most leiomyomas can be targeted simultaneously, as they are 
generally supplied by the uterine arteries, resulting in infarc-
tion and shrinkage of leiomyomas while the myometrium 
revascularizes (76). The advantages of using UFE include a 
shorter recovery time, shorter hospital stay, and quicker return 
to daily function, as it is performed with use of local anesthesia.

Indications for UFE include bulk-related symptoms, 
menorrhagia, and anemia. Preprocedural MRI should be 
performed for evaluation of the presence of leiomyoma en-
hancement and potential ovarian artery supply to leiomyo-
mas. Contraindications to UFE include pregnancy, uterine 
malignancy, and pelvic inflammatory disease. A subserosal 

Figure 16. Diffuse peritoneal leiomyomatosis found at workup for infertility in a 40-year-old woman with no prior history of uterine procedures. (A) Axial 
T2W MR image partially shows multiple subserosal leiomyomas (f) and a small hypointense nodule (arrow) along the right pelvic sidewall. (B) Axial T2W MR 
image at a slightly more inferior level shows a leiomyoma of the left broad ligament (∗), additional peritoneal nodules (arrows) in the cul-de-sac, and subsero-
sal leiomyomas (f). (C) Laparoscopic image of the right pelvic sidewall shows a fibroid uterus (U) medially and multiple nodules (arrows) along the right pelvic 
sidewall, one of which is seen in A.
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tumor location was once considered a relative contraindica-
tion owing to the risk of the leiomyoma sloughing into the 
peritoneal cavity; however, studies (81) have now shown no 
significant complications, and symptomatic improvement 
posttreatment. Leiomyomas with a submucosal component 
can slough off into the endometrial canal with expulsion or 
transvaginal sloughing (Fig 17). Imaging should be used to 
determine the interface-leiomyoma dimension ratio, as it may 
be helpful in predicting leiomyoma sloughing (82). Persistent 
early enhancement and a lack of size reduction after treat-
ment may be due to insufficient embolization (potentially 
with an ovarian artery supply), but it also raises concern for 
the presence of an underlying sarcoma, and surgical removal 
should be considered.

MRI-guided High-Intensity Focused US
High-intensity focused US (HIFU) is MRI-guided, targeted, 
US-directed thermal ablation of a leiomyoma that results in 
tissue necrosis. Indications are similar to those for UFE, but 
patients with more than four leiomyomas or leiomyoma vol-
umes greater than 500 mL are not considered optimal candi-
dates for HIFU (83). Contraindications include leiomyoma fac-
tors such as pedunculated or calcified leiomyomas and patient 
factors such as pelvic malignancy or infection and pregnancy. 
Additional contraindications include inferior abdominal wall 
scarring and loops of bowel and adjacent sacral nerve roots 
in the treatment trajectory path, which can increase the risk 
of complications such as skin burn and intestinal perforation 
(84). Leiomyomas with high signal intensity on T2W MR im-
ages have high cellular contents that can be due to cellularity, 
edema, high vascularity, cystic degeneration, and/or myxoid 
degeneration resulting in resistance to energy or heat dissipa-
tion. Therefore, homogeneously T2-hyperintense leiomyomas 
are generally excluded from HIFU (85). After treatment, the 
nonperfused volume percentage of the leiomyoma is mea-
sured as an indicator of the level of treatment success (85).

Conclusion
Imaging evaluation of uterine leiomyoma has a key role in 
confirming the diagnosis and guiding management and is 
most accurately executed by using MRI. The location of the 
leiomyoma, together with the patient’s desire to maintain 
fertility, drives management options for symptomatic leio-
myomas. Localization with use of the FIGO classification 

system allows a consistent approach. Although conventional 
leiomyoma has a classic imaging appearance, radiologists 
need to be familiar with the subtypes, degeneration, and un-
usual growth patterns of these tumors, which can alter the 
imaging appearance. In postmenopausal patients, a new or 
enlarging uterine mass with solid enhancing intermediate 
or high signal intensity on T2W MR images and high signal 
intensity on high–b-value diffusion-weighted images, with 
corresponding low ADC signal intensity, is concerning for 
leiomyosarcoma.

Due to overlap of the imaging features of leiomyosarcoma 
with those of leiomyoma subtypes and degeneration, diag-
nostic algorithms, radiomics, and machine learning strat-
egies are being developed in ongoing studies to optimize 
early imaging-based diagnoses. In these cases, gynecologic 
consultation with multidisciplinary discussion should be 
suggested for clinical risk stratification.
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