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Leiomyoma, the most common uterine neoplasm, is composed of
smooth muscle with varying amounts of fibrous connective tissue.
Most leiomyomas are asymptomatic, but patients may present with
abnormal uterine bleeding or bulk-related symptoms. Over the past
decade, uterine fibroid embolization (UFE) has been an effective
minimally invasive treatment for symptomatic patients. Magnetic
resonance (MR) imaging is the most accurate imaging technique for
detection and evaluation of leiomyomas and therefore has become the
imaging modality of choice before and after UFE. As leiomyomas en-
large, they may outgrow their blood supply, resulting in various forms
of degeneration that change their appearance. Leiomyomas are clas-
sified as submucosal, intramural, or subserosal. Submucosal and sub-
serosal leiomyomas may be pedunculated, thus simulating other con-
ditions. Understanding the MR imaging appearance of leiomyomas
allows differentiation from other entities. The superior tissue contrast
of MR imaging allows diagnosis of lelomyomas with a high level of
confidence, ultimately leading to a decrease in the number of surgeries
performed and thus reducing healthcare expenditures. MR imaging
findings that influence the planning of UFE include the location, size,
number, and vascular supply of leiomyomas. In addition, MR imaging
can be used to assess the success of UFE and evaluate for potential
complications.
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Introduction
Leiomyomas, also known as fibroids or myomas,
are the most common gynecologic neoplasm,
occurring in 20%-30% of women of reproduc-
tive age. Leiomyomas account for approximately
30% of all hysterectomies performed in the
United States; this figure is as high as 50%
among black women (1,2). It has been reported
that up to 80% of women with leiomyomas are
asymptomatic and require no treatment (3).
By other accounts, 20%-50% of women with
leiomyomas present with symptoms such as
menorrhagia, dysmenorrhea, pressure, urinary
frequency, pelvic and back pain, dyspareunia,
constipation, or obstipation (4).

Hysterectomy and myomectomy are the tra-
ditional surgical treatments for symptomatic
leiomyomas (5). For well over a decade, uterine
fibroid embolization (UFE) has been a popular
and effective minimally invasive treatment for
symptomatic fibroids. As a percutaneous inter-
ventional technique, this procedure may offer
the advantages of avoidance of surgical risks,
potential preservation of fertility, and shorter
hospitalization (6).

Ultrasonography (US) is still the preferred
initial diagnostic test for patients with symptom-
atic leiomyomas. However, magnetic resonance
(MR) imaging is the most accurate imaging
modality for detection and localization of leio-
myomas and their mimics: adenomyosis, solid
adnexal masses, focal myometrial contractions,
and occasionally uterine leiomyosarcomas. Al-
though more expensive than US, MR imaging
may result in lower healthcare costs for women
with pelvic pain (7).

MR imaging can help triage patients to the
most appropriate therapy, thereby decreasing
the number of unnecessary surgeries (2). This
reduction may potentially reduce healthcare
expenditures (7). Over time, preprocedure MR
imaging is the diagnostic tool of choice for de-
termining patient eligibility for UFE and for
assessing potential procedural risk (8,9). Fur-
thermore, MR imaging is also a useful tool for
determining treatment outcome and for diag-
nosing potential complications after UFE.

In this article, we review use of MR imaging
for evaluation of uterine leiomyomas before and
after UFE. After some background information
on uterine leiomyomas, we describe the MR
imaging appearance of leiomyomas, differential
diagnosis, and treatment options and discuss the
role of MR imaging in UFE.
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Background

Prevalence and Incidence

Prospective cohort studies have shown that
race, body mass index, and parity are all fac-
tors affecting the prevalence and incidence of
leiomyomas; however, after adjustment for both
body mass index and parity, the factor of race
has little effect (10,11). The incidence of leio-
myomas increases with age. By age 50 years,
the prevalence of leiomyomas is approximately
80% among black women and 70% among
white women (10,11). The estimated prevalence
of 70%—-80% suggests that the vast majority of
women will experience uterine leiomyomas dur-
ing their lifetime.

Histopathologic Features

The cause of uterine leiomyomas is unknown.
They are benign neoplasms composed of whorled
fascicles of smooth muscle and fibrous connective
tissue anchored in the muscular wall of the uterus
(12,13). Although there is no true capsule, these
tumors are well circumscribed and surrounded
by a pseudocapsule (14).

The size of lelomyomas is variable, ranging
from microscopic to large tumors that fill the
abdomen. Several observations suggest that es-
trogen and progesterone play an important role
in the growth of leiomyomas. Leiomyomas oc-
cur in women of reproductive age, often enlarge
during pregnancy or during oral contraceptive
use, and regress after menopause (5).

As leiomyomas enlarge, they may outgrow
their blood supply. The type of degenerative
change depends on the degree and rapidity of the
onset of vascular insufficiency (14). The result is
various types of degeneration: hyaline or myxoid
degeneration, calcification, cystic degeneration,
red (hemorrhagic) degeneration, or fatty degener-
ation (15). In most patients, findings of degenera-
tion are rarely related to the clinical symptoms;
however, acute degeneration may be associated
with pelvic pain or abnormal uterine bleeding.

Classification

Leiomyomas most commonly involve the myo-
metrium of the uterine corpus but may also
occur in the cervix (<5% of cases) (16). Accord-
ing to their location, leiomyomas are classified
as submucosal, intramural, or subserosal (14).
Submucosal leiomyomas are located beneath the
mucosal lining and are immediately adjacent to
or protrude into the uterine cavity (Fig 1). In-
tramural leiomyomas are entirely within the wall
of the uterus (Fig 2). Subserosal leiomyomas
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Figure 1. Degenerated submucosal leiomyoma in a 46-year-old woman. Axial (a), coronal (b),
oblique coronal (c), and sagittal (d) T2-weighted images show a degenerated leiomyoma (SM)
that is located below the mucosal surface and protrudes into the endometrial cavity (arrows). Also
note the nondegenerated submucosal leiomyoma (L) in b.

a. b.

Figure 2. Multiple intramural leiomyomas in a 50-year-old woman. Axial (a) and sagittal (b) T2-
weighted images show multiple intramural (ZM) and submucosal (SM) leiomyomas with decreased
signal intensity.
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Figures 3, 4. (3) Large broad-based subserosal leiomyoma in a 33-year-old woman. Axial (a) and coronal (b)
T2-weighted images show a large subserosal leiomyoma () that displaces the uterus and endometrium (E in
b) to the left. Note the myometrial “claws” (arrows) at the base of the leiomyoma. (4) Subserosal leiomyoma
in another patient. Axial T2-weighted (a) and contrast material-enhanced fat-suppressed T'1-weighted gra-

dient-echo (GRE) (b) images show a broad-based subserosal leiomyoma (1). Myometrial claws (arrows) are
noted at the base of the leiomyoma. (Case courtesy of Susan M. Ascher, MD, Georgetown University Hospi-
tal, Washington, DC.)

are beneath the uterine serosa and distort the
contour of the outer surface of the uterus (Figs
3, 4). Pedunculated leiomyomas are attached to
the uterus by a stalk and may be either intra-
cavitary or exophytic (Figs 5, 6).

This classification is of clinical significance
because the symptoms and treatment vary

among these subtypes of leiomyomas. Although
submucosal leiomyomas are the least common,
representing only approximately 5% of uter-
ine leiomyomas, they are commonly associated
with dysmenorrhea, menorrhagia, or infertility
(17,18). Submucosal leiomyomas are clinically
described as having the greatest influence on ir-
regular bleeding and infertility because the leio-
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Figures 5, 6. (5) Pedunculated leiomyoma in a 40-year-old woman. Sagittal T2-weighted image

shows a pedunculated intracavitary leiomyoma (P), which has prolapsed into the cervix on a long stalk
(arrow). (6) Pedunculated leiomyoma. Axial (a) and sagittal (b) T2-weighted and contrast-enhanced
fat-suppressed T'1-weighted GRE (c) images show a pedunculated subserosal leiomyoma (P) of the pos-
terior uterine fundus. The leiomyoma is attached by a short stalk (arrow). (Case courtesy of Susan M.
Ascher, MD, Georgetown University Hospital, Washington, DC.)

myoma may act as a physical irritant, much like vaginal canal; the prevalence of such peduncu-
a foreign body in the uterus, interfering with the lated submucosal leiomyomas is estimated to be
stability of the endometrium or with successful 2.5% (19,20).

implantation of the embryo. In rare instances,
a submucosal leiomyoma may become pedun-
culated and protrude into the cervical canal or
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Intramural leiomyomas, which are the most
common, are usually asymptomatic. However,
they can occasionally be associated with men-
orrhagia and infertility. Infertility can occur
secondarily to extrinsic compression of the fallo-
pian tube (21). Menstrual irregularities are hy-
pothesized to be secondary to loss of symmetric
uterine contractions (18).

Subserosal leiomyomas are usually asymp-
tomatic; however, pedunculated subserosal
leiomyomas may undergo torsion, resulting in
infarction accompanied by pain (13). Lateral
growth of a subserosal leiomyoma may extend
between the folds of the broad ligament (intra-
ligamentous leiomyoma) and simulate an ovar-
ian mass at both clinical and imaging examina-
tions (Fig 7). Rarely, a pedunculated leiomyoma
may become attached to an adjacent structure,
from which it may derive a new blood supply,
and become detached from the uterus (parasitic
leiomyoma) (13).

Symptoms

The clinical presentation is variable, depending
on the size, location, and number of leiomyo-
mas. Symptoms attributable to leiomyomas can
generally be classified into three distinct catego-
ries: abnormal uterine bleeding, pelvic pressure
and pain, and reproductive dysfunction (22).

Bleeding.—The most frequent symptom of leio-
myomas is abnormal uterine bleeding. The bleed-
ing pattern most characteristic of leiomyomas is
menorrhagia or menometrorrhagia, excessively
heavy or prolonged menstruation. The heavy
bleeding can cause medical problems, particularly
iron-deficiency anemia. Submucosal leiomyomas
are often associated with ulceration of the overly-
ing endometrium and are most likely to cause
menorrhagia (22). Bleeding may also be caused by
interference of intramural leilomyomas with nor-
mal uterine contractility, which presumably plays a
role in limiting uterine bleeding during menstrua-
tion (18).

Pressure on Adjacent Organs and Pain.—As
leiomyomas enlarge, they may produce pres-

sure on surrounding structures. The size of the
myomatous uterus is described in menstrual
weeks, as is a pregnant uterus. However, unlike
the pregnant uterus, the myomatous uterus is ir-
regularly shaped, and specific symptoms can arise

radiographics.rsna.org

Figure 7. Broad ligament leiomyoma in a
43-year-old woman. Coronal T2-weighted im-
age shows a surgically proved leiomyoma (ar-
rows) of the broad ligament. Although it is diffi-
cult to separate the leiomyoma from the uterus,
it appears to be centered in the left broad liga-
ment. Differential diagnostic considerations
included an exophytic leiomyoma and a broad
ligament leiomyoma.

from leiomyomas in particular locations. Urinary
symptoms can arise from anterior lelomyomas
and constipation from those that are posterior.
Broad ligament leiomyomas may compress the
ureter along the pelvic wall, resulting in hydro-
ureter or hydronephrosis (4).

There is acute pain in the rare cases in which
degeneration occurs or there is torsion of a pe-
dunculated leiomyoma. Pain occurs in approxi-
mately 30% of women with uterine leiomyomas
and is usually the result of acute degeneration
(21). Red degeneration, which is most com-
monly observed during pregnancy, results from
hemorrhagic infarction of a leiomyoma. Such
degeneration may result in systemic symptoms,
such as abdominal pain, low-grade fever, and
leukocytosis. Pain may also occur with torsion
of pedunculated subserosal leiomyomas or pro-
lapse of pedunculated submucosal leiomyomas.

Reproductive Dysfunction.—Leiomyomas are an
infrequent primary cause of infertility. Infertility
may be caused by compromise of the patency of
the fallopian tube, irritation of the endometrium
preventing implantation, or distortion of the
endometrial cavity. Tubal obstruction may be
caused by intramural leiomyomas located in the
cornual regions of the uterus and obstructing
the interstitial portions of the tube, or the tube
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may be obstructed because of extrinsic compres-
sion by leiomyomas located in the broad liga-
ment. Furthermore, patients with submucosal
leiomyomas may have an increased prevalence
of early abortion resulting from faulty implanta-
tion (4).The risk of placental abruption is also
substantially increased if the leiomyoma is under
the placental site (22).

Deshmukh et al

Figure 8. Leiomyomas in a 43-year-
old woman being evaluated for UFE.
(a, b) Transverse (a) and sagittal (b)
transabdominal pelvic US images show

a heterogeneously enlarged myomatous
uterus. The margins of the leiomyomas
(L) are not well visualized. (c, d) Axial (c)
and sagittal (d) T2-weighted images show
multiple intramural leiomyomas (L), as
well as an exophytic subserosal leiomyoma
(S in d) arising from the fundus. The sub-
serosal leiomyoma was not identified at US
secondary to the limited field of view. The
endometrial canal (arrow in ¢) can be seen
sandwiched between two of the intramural
leiomyomas. (Case courtesy of Susan M.
Ascher, MD, Georgetown University Hos-
pital, Washington, DC.)

MR Imaging
Appearance of Leiomyomas

E257

MR imaging is considered the most accurate im-
aging technique for detection and localization of
leiomyomas (23). Because of its ability to clearly
demonstrate individual tumors, MR imaging is
more sensitive than US in detection of leiomyomas
(24).The limited field of view of the pelvis during
transabdominal and endovaginal US does not con-
sistently allow accurate assessment of the uterus.
The excellent soft-tissue contrast of MR imaging
provides exquisite detail of uterine zonal anatomy,
enabling accurate localization of individual masses
as submucosal, intramural, or subserosal (23). MR
imaging has been shown to be more accurate than
US or hysterosalpingography for determining the
presence and location of leiomyomas in infertile
women before myomectomy (24) (Fig 8).
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Figure 10. Pathologically proved cellular leilomyoma in a 35-year-old woman. (a) Axial T2-
weighted image shows a large heterogeneous uterine mass with areas of increased signal inten-
sity. (b) Axial contrast-enhanced fat-suppressed T1-weighted GRE image shows predominantly

homogeneous enhancement of the mass.

Nondegenerated uterine leiomyomas have a
typical appearance at MR imaging: well-circum-
scribed masses with homogeneously decreased
T2-weighted signal intensity compared with that
of the outer myometrium (23). At histologic ex-
amination, nondegenerated leiomyomas are com-
posed of whorls of uniform smooth muscle cells
with various amounts of intervening collagen
(12). Cellular leiomyomas, which are composed
of compact smooth muscles cells with little or
no collagen, can have relatively increased T2-

weighted signal intensity and demonstrate ho-
mogeneous enhancement on contrast-enhanced
images (15) (Figs 9, 10).

Degenerated leiomyomas have variable
appearances on T'1-weighted, T2-weighted,
and contrast-enhanced images (15). Low T2-
weighted signal intensity is seen in leiomyomas
with hyaline or calcific degeneration, an appear-
ance similar to that of standard leiomyomas

<« Figure 9. Cellular leiomyoma in a 42-year-old woman being evaluated for UFE. (a-c) Sagittal (a) and axial (b)
T2-weighted and sagittal contrast-enhanced fat-suppressed T'1-weighted GRE (c) images show a large, enhancing,
exophytic uterine mass (M in a and b) with extensive collateral vessels (arrows in b). Also note the nonviable uter-
ine leiomyoma (L in a and ¢). (d) Coronal thick-slab maximum intensity projection reformatted image shows ex-
tensive collateral vascular supply to the uterine mass. (e—-g) Celiac axis (e), right internal iliac (f), and left internal
iliac (g) angiograms show recruited collateral vascular supply (arrows in €) to the uterine mass from the gastroduo-
denal, splenic, and internal iliac arteries. Pathologic analysis demonstrated that the mass was a cellular leiomyoma.
(Case courtesy of Susan M. Ascher, MD, Georgetown University Hospital, Washington, DC.)
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Figures 11, 12. (11) Leiomyomas with hyaline
degeneration. Sagittal T2-weighted image shows
two intramural leiomyomas with decreased signal
intensity, a finding consistent with hyaline degen-
eration. (Courtesy of Evis Sala, MD, PhD, Memo-
rial Sloan-Kettering Cancer Center, New York,
NY.) (12) Leiomyoma with cystic degeneration.
Sagittal T2-weighted (a) and contrast-enhanced
fat-suppressed T'1-weighted GRE (b) images show
an intracavitary leiomyoma that has undergone
cystic degeneration. Note that the area of cystic de-
generation (C) does not enhance after intravenous
administration of gadolinium contrast material. The
enlarged uterus causes mass effect on the urinary
bladder (B). (Case courtesy of Evis Sala, MD, PhD,
Memorial Sloan-Kettering Cancer Center, New
York, NY.)

(Fig 11). Conversely, high T2-weighted signal
intensity is seen in leiomyomas with cystic de-
generation, and the cystic areas do not enhance
(Fig 12). Extremely high T2-weighted signal
intensity and minimal contrast enhancement are
seen in leiomyomas with myxoid degeneration.
Variable T1-weighted signal intensity and low
T2-weighted signal intensity are seen in necrotic

radiographics.rsna.org

12a.

12b.

leiomyomas that have not liquefied (ie, those
with hyaline or coagulative necrosis) (15).
Red degeneration (hemorrhagic necrosis)
can have an unusual appearance at MR imag-
ing: peripheral or diffuse high signal intensity
on T'1-weighted images and variable signal in-
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Figure 13. Leiomyoma with red degeneration in a 32-year-old pregnant woman. (a, b) Axial (a) and
sagittal (b) T2-weighted images show variable low signal intensity in a large leiomyoma (L) of the poste-
rior lower uterine segment. Note the distortion and lengthening of the lower uterine segment and cervix
(arrows in b) caused by the large leiomyoma. (¢, d) Axial nonenhanced (c) and sagittal contrast-en-
hanced (d) fat-suppressed T'1-weighted GRE images of the degenerated leiomyoma (L) show peripheral
increased signal intensity (arrowheads) and a lack of contrast enhancement.

tensity with or without low signal intensity on been hypothesized that the blood products are
T2-weighted images (25) (Fig 13). In red de- confined to thrombosed vessels that surround
generation, methemoglobin or the proteinaceous the tumor. Some leiomyomas have a high-signal-
content of blood results in increased T 1-weighted intensity rim on T2-weighted images, which

signal intensity (24). When high signal intensity
is isolated to the rim of the leiomyoma, it has
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Figure 14. Diffuse adenomyosis in a 39-year-
old woman. (a, b) Axial (a) and sagittal (b)
T2-weighted images show diffuse thickening
of the low-signal-intensity junctional zone
with multiple foci of increased signal intensity
(arrowhead in a), which represent ectopic
endometrial glands. (¢) Axial fat-suppressed

T1-weighted GRE image shows high signal
intensity in one of the ectopic endometrial
glands (arrowhead), a finding consistent with

blood products.

represents a pseudocapsule of dilated lymphatic
vessels, dilated veins, or edema and corresponds
to peritumoral rim enhancement (26,27).

Differential Diagnosis
Other entities can have similar clinical presenta-
tions, such as pelvic pain or abnormal uterine
bleeding, and therefore need to be distinguished
from leiomyomas.

Adenomyosis

Ectopic endometrial glands and stroma within
the myometrium with reactive hypertrophy of
the surrounding myometrial smooth muscle
characterize adenomyosis (28). It is hypoth-
esized that adenomyosis likely results from
direct invasion of the basal endometrium into
the myometrium, although the cause of such
migration is not known. Adenomyosis occurs
in focal and diffuse forms, the latter being the

more common appearance (28). The clinical
manifestations of adenomyosis and leiomyoma
are similar in that both may include dysmenor-
rhea or menorrhagia.

At MR imaging, the diffuse form of adeno-
myosis appears as a thickened junctional zone
(inner myometrium) on T2-weighted images
(29). A junctional zone 12 mm thick or thicker is
highly predictive of adenomyosis (29). The low
signal intensity of adenomyosis on T2-weighted
images is due to the reactive, dense smooth
muscle hypertrophy that surrounds the imbedded
endometrial glands (30). Small foci of high signal
intensity on T2-weighted images represent the ec-
topic endometrial glands. Some of these ectopic
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Figure 15. Focal adenomyosis. (a—c) Axial (a), oblique axial (b), and sagittal (c) T2-weighted im-
ages show a focal, ill-defined, poorly marginated area of decreased signal intensity (A) in the posterior
uterine body. The area of decreased signal intensity is contiguous with the inner myometrium (junc-
tional zone) and contains foci of increased signal intensity (arrowhead in a and b). (d) On an axial
fat-suppressed T1-weighted GRE image, one of the foci of increased T2-weighted signal intensity
shows corresponding increased T'1-weighted signal intensity (arrowhead), a finding consistent with an
ectopic endometrial gland containing blood products. Features that favor the diagnosis of focal ad-
enomyosis over that of a leiomyoma include ill-defined margins, foci of high signal intensity, elliptical
morphology, and lack of mass effect relative to size.

endometrial glands also have corresponding high images, whereas leiomyomas often appear as

signal intensity on T'1-weighted images, a finding well-circumscribed masses (31) (Fig 15). Similar

that corresponds to hemorrhage (31,32) (Fig 14). treatment options for adenomyosis and leiomyo-
In its focal form, adenomyosis appears as an mas have differing success rates, emphasizing

ill-defined, poorly marginated area of low signal
intensity within the myometrium on T2-weighted
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Figure 16. Coexistence of adenomyosis and leiomyomas. Sagittal T2-weighted (a) and contrast-
enhanced fat-suppressed T'1-weighted GRE (b) images show a uterus containing adenomyosis

(4 in a) and multiple leiomyomas (L). At least one of the leiomyomas is pedunculated (P) with a
short narrow stalk (arrow in a). (Case courtesy of Susan M. Ascher, MD, Georgetown University

Hospital, Washington, DC.)

the importance of distinction at preprocedure
imaging. MR imaging allows easy differentiation
between adenomyosis and leiomyomas. It is im-
portant to note that these conditions can coexist
(32) (Fig 16).

Solid Adnexal Mass

Adnexal masses and pedunculated leiomyomas
can be detected and characterized with MR
imaging. If MR imaging can demonstrate conti-
nuity of an adnexal mass with the myometrium,
even if only by the presence of bridging vessels,
then a diagnosis of leiomyoma can be estab-
lished (33,34) (Fig 17). Owing to the limited
field of view in the pelvis at US, depiction of the
ovaries can be limited, especially in the case of
an enlarged uterus. The ability of MR imaging
to demonstrate normal ovaries, even in the pres-
ence of an enlarged myomatous uterus, may aid
in determining the origin of pelvic masses by
allowing exclusion of the diagnosis of an ovarian
neoplasm (Fig 18).

Ovarian fibromas and Brenner tumors are be-
nign ovarian neoplasms that have a large fibrous
component and can have signal intensity similar
to that of a pedunculated leiomyoma (35,36).
MR imaging can show fibromas and Brenner tu-
mors surrounded by ovarian stroma and follicles,

Figure 17. Differentiation of a leiomyoma from an
adnexal mass. Axial T2-weighted image shows a broad-
based subserosal leiomyoma (L) with associated bridg-
ing vessels (arrow). The presence of bridging vessels
allows the diagnosis of leiomyoma to be made, thereby
allowing exclusion of an adnexal mass. (Courtesy of
Evis Sala, MD, PhD, Memorial Sloan-Kettering Can-
cer Center, New York, NY.)

thus establishing the ovarian origin of the mass
and allowing exclusion of a diagnosis of leiomy-
oma (Fig 19). Differentiation between leiomyo-
mas and ovarian adnexal masses is particularly
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Figure 18. Differentiation of a leiomyoma from an
adnexal mass. Axial T2-weighted image shows a broad-
based subserosal leiomyoma (L) that is contiguous
with the uterus (arrow) and separate from the right
ovary (arrowhead). These findings allow confirmation
of the diagnosis of leiomyoma and not ovarian fibroma.
(Courtesy of Susan M. Ascher, MD, Georgetown Uni-
versity Hospital, Washington, DC.)

Figure 19. Differentiation of a fibroma from a leio-
myoma. Axial T2-weighted image shows a left ovarian
fibroma (arrow) surrounded by follicles (arrowhead).
The uterus can be identified separately. (Courtesy of
Susan M. Ascher, MD, Georgetown University Hospi-
tal, Washington, DC.)

important in pregnant patients because confident
diagnosis of a leiomyoma may eliminate the need
for surgery during pregnancy.

Focal Myometrial Contraction

Uterine contractions can appear as transient hy-
pointense T2-weighted masses and may simulate
leiomyomas or focal adenomyosis at MR imaging
(Fig 20). Because the contractions are transient,
resolution of the mass at subsequent imaging al-
lows the diagnosis to be established (37).

Deshmukh et al E265
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Figure 20. Differentiation of a uterine contraction
from a leiomyoma. Sagittal T2-weighted images show a
transient uterine contraction (arrow in a). (Case cour-
tesy of Kaori Togashi, MD, PhD, Kyoto University,
Kyoto, Japan.)

Uterine Leiomyosarcoma
Leiomyosarcomas account for one-third of
uterine sarcomas (38). Leiomyosarcomas may
arise from the connective tissue of uterine blood
vessels, in a preexisting leiomyoma, or de novo
from uterine musculature (39). The prevalence
of sarcomatous change in benign uterine leio-
myomas is reported to be 0.1%-0.8% (40).
Leiomyosarcoma usually manifests as massive
uterine enlargement with irregular central zones
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Figure 21. Uterine leiomyosarcoma in a 48-year-old woman. Axial T2-weighted (a) and contrast-enhanced
fat-suppressed T'1-weighted GRE (b) images show an enlarged uterus containing a heterogeneous mass
(LMS) with poorly defined margins and internal necrosis (arrow in b). Pathologic analysis demonstrated that

the mass was a leiomyosarcoma.

of extensive hemorrhage and necrosis (Fig 21).
Foci of calcification may be present. It has been
suggested that an irregular margin of a uterine
leiomyoma at MR imaging is suggestive of sar-
comatous transformation, but the specificity of
this finding has not been established (39).

Treatment Options for Leiomyomas
Among the women with leiomyomas in the
United States, less than one-half will have the
diagnosis made by their primary care provider,
in part because many women with leiomyomas
have no symptoms (41). Once patients become
symptomatic, there are multiple therapeutic op-
tions available.

Surgical Treatments

Hysterectomy.—] eiomyomas are the leading
indication for hysterectomy in the United States
(1). The surgery can be performed via the vaginal
or abdominal route. In selected cases, the uterus
can be removed with a laparoscopic approach.

Myomectomy.—Myomectomy, enucleation of a
leiomyoma from the uterine corpus, is indicated
in women with a history of second-trimester
fetal loss, anemia secondary to hypermenorrhea,

or pelvic pain (42). Myomectomy is the second
most common surgery performed for leiomyo-
mas in the United States (1). The risk of recur-
rence after myomectomy has been estimated to
be 27% after 10 years (43).

Newer Surgical Techniques.—Developments

in surgical endoscopy have, in selected cases,
allowed myomectomy to be performed with
minimally invasive surgical procedures, includ-
ing hysteroscopic myomectomy, laparoscopic
myomectomy, and laparoscopic myoma coagula-
tion. These procedures offer several advantages,
including shorter hospitalization, more rapid
recovery, and cost savings per patient in hospital
and surgical fees (2).

Nonsurgical Treatments

In the United States, more women receive medi-
cal therapy than surgery for relief of symptomatic
leiomyomas (44). Pharmaceutical management
of symptomatic leiomyomas is most commonly
performed as an adjunctive treatment before sur-
gery, since few medications serve as a permanent
alternative to surgery.

Gonadotropin-releasing Hormone Analogs.—
Gonadotropin-releasing hormone agonists are
often used as preoperative adjunctive therapy to
surgery. They cause down-regulation of estrogen
receptors, which decreases growth of leiomyo-
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mas. Therapy with gonadotropin-releasing hor-
mone agonists also helps optimize hematocrit
levels, which may have declined secondary to
menorrhagia from the leiomyomas. However,
after cessation of treatment, there is rapid re-
growth of the tumor (45-47).

Uterine Fibroid Embolization.—UFE is a popu-
lar and effective method of treating symptomatic
leiomyomas. The procedure involves delivery

of embolic particles via the uterine arteries to
occlude end-arterioles that perfuse the leiomyo-
mas, thus causing necrosis of the leiomyomas.
Symptom relief as well as a decrease in the size
of the leiomyomas and the uterus overall occur
in a majority of patients (48). As a percutaneous
interventional technique, this procedure is an op-
tion for women who wish to avoid surgery, are
poor surgical candidates, or wish to retain their
uterus (6).

MR Imaging-guided Focused Ultrasound.—

In 2004, the U.S. Food and Drug Administration
approved a device that uses MR imaging—guided
focused ultrasound to target and destroy leiomyo-
mas. It is intended for premenopausal women
who have completed childbearing. Other than
medical management, this is the only completely
noninvasive treatment option available. The
therapy is extremely accurate, as real-time MR
imaging is performed during the procedure to
map out and confirm that the ultrasound waves
are targeting the leiomyoma precisely. Because
this is a new technique, long-term outcomes have
not been studied (2).

Role of MR Imaging in UFE
Despite its relatively high cost, MR imaging is a
noninvasive procedure that allows the diagnosis of
leiomyomas to be established with a great degree
of confidence and affects patient treatment by re-
ducing the number of unnecessary surgeries (2).
This reduction may potentially reduce healthcare
expenditures (7). Accurate detection and localiza-
tion of leiomyomas with MR imaging, as opposed
to physical examination and US, can result in
planned therapies being changed or obviated (34).

Although US is the initial imaging study in
women suspected to have leiomyomas at physi-
cal examination, MR imaging is the imaging
modality of choice for potential UFE candi-
dates. It allows establishment of patient eligi-
bility for the procedure and exclusion of other
causes of abnormal uterine bleeding and pelvic
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pain. Preprocedure MR imaging has also proved
useful in assessing the success of UFE, as well as
assessing potential risks for complications (8,9).
In a study by Spielmann et al (49), results of
MR imaging and US in 49 patients before UFE
were compared in terms of uterine and leiomy-
oma size, leilomyoma location, and total number
of leiomyomas. The study demonstrated a signif-
icant discrepancy in uterine size, leiomyoma lo-
cation, and number of leiomyomas between the
two imaging modalities. In addition, MR imag-
ing results affected clinical management in 11 of
49 patients (22%): Four patients were excluded
from UFE, while seven patients underwent
UFE after being deemed unsuitable candidates
for embolization at initial US evaluation. The
authors concluded that MR imaging provides
a significant amount of additional information
compared with US and affects clinical manage-
ment in a substantial number of patients, mak-
ing MR imaging the imaging modality of choice
before UFE.

MR Imaging Findings
Pertinent to Success of UFE

Pedunculated Leiomyomas.—It is important to
diagnose pedunculated submucosal or subsero-
sal lelomyomas with a narrow stalk before UFE.
Initially, it was believed that a pedunculated
leiomyoma in a subserosal location was a relative
contraindication to UFE because of the risk of
separation from the uterus. That is, the potential
for stalk necrosis and detachment of the leiomy-
oma could lead to peritonitis, persistent pain, or
infection (50). However, it has been shown that
for pedunculated subserosal leiomyomas with a
stalk diameter of 2 cm or larger, embolization
is not associated with an increased frequency of
serious complications (9). The stalk diameter
should be included in the MR imaging report.
Detachment of pedunculated submucosal
leiomyomas into the endometrial cavity may
result in transcervical expulsion of necrotic
leiomyoma tissue. Furthermore, intracavitary
necrotic debris may obstruct the cervix, become
infected, and require medical or surgical inter-
vention (50).

Submucosal Leiomyomas.—QOccasionally, sub-
mucosal lelomyomas can become intracavitary
after UFE (Figs 22, 23). Preprocedure MR
imaging can help predict which leiomyomas are
more likely to become intracavitary after the
procedure. Verma et al (51) evaluated the MR
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Figure 22. Expulsion of a devascularized leiomy-
oma after UFE in a 44-year-old woman. (a, b) Sagit-
tal T2-weighted (a) and contrast-enhanced fat-sup-
pressed T'1-weighted GRE (b) images before UFE
show an enhancing submucosal leiomyoma ().
Note the scar from a cesarean section (arrow in b).
Arrowheads = submucosal component of the leio-
myoma. (c—e) Axial (c) and sagittal (d) T2-weighted
and sagittal contrast-enhanced fat-suppressed T'1-
weighted GRE (e) images after UFE show early ex-
pulsion of the devascularized leiomyoma (1) through
the inner cervical os (arrow). Note the focus of gas
(arrowhead in e) at the inferior margin of the leio-
myoma. This is a finding that can be seen after UFE
and is not a sign of superinfection.
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Figure 23. Submucosal leiomyoma that became intracavitary after UFE in a 40-year-old woman. The leiomyoma
subsequently became superinfected and could not be expelled, thus requiring hysterectomy. (a, b) Sagittal (a) and
coronal (b) T2-weighted images show a degenerated leiomyoma (1) with a large submucosal interface (arrowhead).
(c, d) Oblique axial (¢) and sagittal (d) T2-weighted images after embolization show that the leiomyoma (L) has
become intracavitary, with some expulsion of debris (arrowhead) through the cervix. (e) Axial T1-weighted image
after embolization shows that the intracavitary leiomyoma (L) has increased signal intensity, a finding consistent
with coagulative necrosis. Note the presence of a broad-based subserosal leiomyoma that has not undergone coagu-
lative necrosis (arrow). (f) Sagittal nonenhanced computed tomographic (CT) image shows air (arrowhead) within
the superinfected pyomyoma. Note that the bladder (B) is difficult to visualize.
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imaging features of 39 submucosal leiomyomas
before and after UFE. The ratio of the largest
endometrial interface (1) to the largest leiomy-
oma dimension (D) was determined with pre-
procedure MR imaging (Fig 24). Postprocedure
MR images were evaluated for a change in the
locations of the submucosal leiomyomas.

Thirteen submucosal leiomyomas (33%)
became completely or partially intracavitary
after embolization. The mean I/D ratio of these
leiomyomas was significantly greater than the
I/D ratio of leiomyomas that did not become
intracavitary after embolization. Furthermore,
the mean I/D ratio of the leiomyomas that be-
came completely intracavitary after UFE was
higher than the I/D ratio of leiomyomas that be-
came partially intracavitary after UFE. Four of
these 13 patients (31%) experienced significant
postprocedure symptoms that required further
medical or surgical management. The authors
concluded that the risk of a submucosal leio-
myoma becoming intracavitary after UFE can
be determined by assessing the relationship of
the size of the leiomyoma relative to its interface
with the endometrium by using preprocedure
MR imaging.

Expulsion of leiomyomas or fragments of
leiomyomas after UFE occurs in up to 10% of
cases. Nulliparous women are less likely to pass
intracavitary leiomyomas or debris than are mul-
tiparous women (52). However, the likelihood
of passage of a leiomyoma without the need for
further intervention would be relevant informa-
tion to discuss with a patient before UFE. In
another study, Radeleff et al (53) showed that
the submucosal leiomyoma expulsion rate is as
high as 50% when the volume of the leiomyoma
is greater than or equal to 66 mL, which cor-
responds to a diameter of approximately 5 cm.
This information can be used by interventional
radiologists to predict which patients may be at
risk for potential leiomyoma expulsion or other
postprocedure complications.

Nonviable Leiomyomas.—UFE is usually not
the best treatment option for patients with
symptomatic leiomyomas that do not enhance at
preprocedure imaging, since these leiomyomas
are already devascularized and therefore less
likely to decrease in size after treatment. Thus,
these patients’ symptoms are less likely to im-
prove after UFE (54).
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Figure 24. Submucosal leiomyoma in a 46-year-
old woman (same patient as in Fig 1). Oblique
coronal T2-weighted image shows a submucosal
leiomyoma with sample I (largest endometrial
interface) and D (largest leiomyoma dimension)
measurements. Note that the endometrial inter-
face distance (1) will be calculated by summing
the lengths of the line segments.

Cervical Leiomyomas.—Cervical leiomyomas
have an alternate blood supply and may not
become devascularized after UFE (16) (Figs
25, 26). Research has shown that patients with
incomplete infarction of leilomyomas are more
likely to have recurrent symptoms related to
growth of the uninfarcted tissue (55). Therefore,
it is important to determine the presence of cer-
vical lelomyomas at preprocedure MR imaging
so that patients can be appropriately counseled
about procedural outcomes.

Adenomyosis.—Another advantage of MR imag-
ing is its superiority for diagnosis of adenomyo-
sis and evaluation of the adnexa and endome-
trium for potential disease, especially when the
uterus is enlarged and leiomyomas distort pelvic
anatomy. Adenomyosis has been reported in
15%—-23% of patients with leiomyomas (56-58).
Bazot et al (59) compared MR imaging with
transabdominal and endovaginal US for diagno-
sis of adenomyosis. The sensitivity and specific-
ity of MR imaging and endovaginal US were
significantly better than those of transabdominal
US for diagnosis of adenomyosis. However, the
authors found the accuracy of MR imaging to
be superior to that of endovaginal US for identi-
fication of adenomyosis in women with concom-
itant leiomyomas. Identification of adenomyosis
before UFE is important because it may affect
the clinical success of UFE.
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25a. 25b.

25c. 26a.

26b. 26c¢.

Figures 25, 26.  (25) Viable cervical leiomyoma after UFE in a 39-year-old woman. (a, b) Axial (a)
and sagittal (b) T2-weighted images show multiple uterine body leiomyomas (1) and a cervical leio-
myoma (arrow). (c) Sagittal contrast-enhanced fat-suppressed T'1-weighted GRE image shows lack
of enhancement in the devascularized uterine body leiomyomas () and persistent enhancement

in the cervical leiomyoma (arrow) after UFE. (26) Viable cervical leiomyoma after UFE. Sagittal
T2-weighted (a) and nonenhanced (b) and contrast-enhanced (c) fat-suppressed T'1-weighted images
show a fundal leiomyoma (L in a and c) that has undergone coagulative necrosis (arrow in b) after
UFE, with no residual enhancement after intravenous administration of gadolinium contrast mate-
rial, and a large cervical leiomyoma (C in a and ¢) that remains viable. (Case courtesy of Susan M.
Ascher, MD, Georgetown University Hospital, Washington, DC.)
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Figure 27. UFE of leiomyomas and adenomyo-
sis. (a, b) Sagittal T2-weighted (a) and contrast-
enhanced fat-suppressed T'1-weighted GRE (b)
images show adenomyosis (A4 in a) and multiple
intramural leiomyomas (arrows in a). (c—e) Sagit-
tal T2-weighted (c¢) and nonenhanced (d) and
contrast-enhanced (e) fat-suppressed T'1-weighted
GRE images after UFE show coagulative necrosis
of the leiomyomas (arrows in d) and the adenomyo-
sis, with no residual enhancement after intravenous
administration of contrast material. (Case courtesy
of Susan M. Ascher, MD, Georgetown University
Hospital, Washington, DC.)
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a. b.

In a study by Pelage et al (56), 18 women with
menorrhagia due to adenomyosis were treated
with UFE. Six months after UFE, 94% of the
women reported improvement in their menor-
rhagia; however, 2 years later, 44% of the patients
had recurrent symptoms that required additional
treatment or hysterectomy. Therefore, it is impor-
tant to inform patients of the presence of adeno-
myosis before UFE because adenomyosis may
be a potential reason for UFE failure. Although
embolization is considered a less optimal treat-
ment for adenomyosis than for leiomyomas, it has
been shown that most patients with adenomyosis
have symptom relief after UFE, although the rate
is not as high as in those with symptoms related
to leiomyomas (60,61) (Fig 27).

Pre-UFE MR Imaging Protocol

By using a standard phased-array surface coil,
imaging of the pelvis with suspended respiration
can be completed in approximately 20 minutes.
All protocols should include T2-weighted im-
ages in at least two orthogonal planes (generally

Figure 28. Use of dynamic MR imaging to dem-
onstrate extent of lelomyoma enhancement in a
50-year-old woman. Nonenhanced axial dynamic
three-dimensional fat-suppressed T1-weighted im-
age (a) and corresponding images from earlier (b)
and later (c) contrast-enhanced phases show
dynamic enhancement of multiple leiomyomas.

axial and sagittal) to identify the uterine axis
and localize leiomyomas and other uterine dis-
ease. Imaging in a third orthogonal plane can
be performed to clarify and confirm the findings
from imaging in the other two planes. In one of
these planes, the T2-weighted images can be ob-
tained with a single-shot technique to conserve
time. Axial T'1-weighted images, opposed-phase
GRE or fast spin-echo, should be obtained to
identify the relationship of the leiomyoma to

the uterus and adnexa. In addition, these T'1-
weighted images allow characterization of blood
and fat to facilitate diagnosis of concurrent uter-
ine and adnexal disease.

Dynamic three-dimensional nonenhanced and
contrast-enhanced fat-suppressed GRE images
should be obtained to determine the extent of
leiomyoma enhancement and define periuter-
ine vessels (54). This dynamic sequence can be
modified to serve as MR angiography, often in
the sagittal plane to facilitate identification of
parasitized ovarian vessels; however, this can also
be performed in the axial plane with similar de-
lineation, although the origin of these vessels may
not be included in the imaged volume (Fig 28).
In recent years, diffusion-weighted imaging has
become more robust for problem solving in the
abdomen and pelvis. Diffusion-weighted imaging
can also be included to further enhance charac-
terization of leiomyomas and differentiation from
other entities (62).
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Features That Should Be Reported in Cases of Uterine Leiomyoma

Feature

Description

Size of uterus

Number of leiomyomas
Location of each leiomyoma

Size of leiomyomas

Size of stalk if pedunculated
Extent of interface if submucosal
Enhancement characteristics

Presence of adenomyosis

Presence of ovarian vessel parasitization, adnexal
masses, or endometrial abnormalities

Maximal dimensions including the cervix

Rough estimate of the number of leiomyomas

Intracavitary, submucosal, intramural, subserosal, or exophytic
Maximal dimensions of the three largest index lesions

Size of the base of the stalk

Size of the submucosal interface

Percentage of the leiomyoma that enhances

Thickness of the inner myometrium and presence of ectopic
endometrial glands

Image Interpretation

The location, size, and enhancement of leio-
myomas provide significant prognostic informa-
tion about the potential success of UFE (54).
Therefore, the location, size, size of the stalk (if
pedunculated), and enhancement characteristics
of leiomyomas should be analyzed and reported
(9) (Table). In addition, if there is significant
parasitization of ovarian vasculature, consider-
ation may be given to embolizing the ovarian
vasculature at the time of UFE, or perhaps at a
later date if there is not significant symptom re-
lief after UFE (63) (Fig 29).

If the leiomyomas are already autoinfarcted at
preprocedure imaging, the patient is unlikely to
benefit from UFE, since the leiomyomas are less
likely to decrease in size after the procedure (54).
Therefore, hysterectomy or myomectomy may be
better options if the patient’s symptoms are likely
due to bulk effect.

Although the diagnosis of leiomyosarcoma
is made on a histologic basis, factors such as ir-
regular shape, ill-defined margins, and internal
necrosis can be clues to the presence of a uterine
sarcoma. Therefore, these imaging appearances
should prompt consideration of surgical manage-
ment, biopsy before embolization, or short-interval
follow-up imaging; continued growth after embo-
lization is an important additional sign of possible
malignancy (64).

Comorbid or Alternative Conditions
Nonviability of leiomyomas before UFE decreases
the likelihood of benefit for the reasons outlined
earlier (54). In addition, comorbid conditions that
may preclude UFE include uterine or leiomyoma
size (>20 cm), pedunculated leiomyomas with
stalks less than 2 cm in diameter, large intracavi-

Figure 29. Parasitization of ovarian vascula-
ture. Arterial phase maximum intensity projec-
tion MR angiogram before UFE shows bilateral
ovarian arterial collateral vessels (arrows).
(Courtesy of Susan M. Ascher, MD, George-
town University Hospital, Washington, DC.)

tary or submucosal leiomyomas, and presence of
endometrial or adnexal neoplasms (54).

Outcomes of UFE

Serial follow-up data demonstrate that greater
than 70% of patients have symptom relief 5 years
after UFE (65). Most of these patients have a
decrease in leiomyoma volume; however, the
most convincing finding after UFE is coagulative
necrosis (ie, hemorrhagic infarction) (8). Tri-

als comparing UFE and surgery demonstrated
faster recovery after UFE and good long-term
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outcomes, thus establishing UFE as a well-estab-
lished alternative to hysterectomy about which
patients should be informed (66—68).
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Figure 30. Com-
plete coagulative ne-
crosis. (a, b) Sagittal
T2-weighted (a) and
contrast-enhanced
fat-suppressed T'1-
weighted GRE (b)
images before UFE
show a viable intra-
mural leiomyoma

(L) in the posterior
fundus. (c—e) Sagittal
T2-weighted (c) and
nonenhanced (d) and
contrast-enhanced (e)
fat-suppressed T'1-
weighted GRE im-
ages after UFE show
complete coagulative
necrosis of the leio-
myoma (L) without
residual viable tissue.
Also note the small
incidental lower uter-
ine segment polyp
protruding into the
endocervical canal
(arrow in a and c).
(Case courtesy of
Susan M. Ascher,
MD, Georgetown
University Hospital,
Washington, DC.)

Post-UFE MR Imaging Surveillance

In patients who become asymptomatic, further
imaging may not be necessary. However, MR im-
aging can be used to reassess for residual enhance-
ment of lelomyomas in patients with continued
symptoms, who possibly require reembolization

or therapy for a parasitized vessel (commonly the
ovarian artery) (7). In addition, patients can be
evaluated for passage of leiomyomas (64).

Routine follow-up MR imaging will ideally
show complete infarction of uterine leiomyomas,
which is demonstrated on MR images as lack of
enhancement after contrast material administra-
tion (Figs 22, 30). This is sometimes associated
with T'1-shortening effects of methemoglobin and
variable signal intensity on T2-weighted images,
depending on the age of hemorrhage within the
leiomyoma, a condition known as hemorrhagic
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infarction (69) (Figs 23c—23e, 30). Occasionally,
a small amount of gas may be identified within

a lelomyoma after embolization; this does not
equate with a pyomyoma (Fig 22e).

Images should be interpreted in conjunction
with the clinical symptoms. With increasing time
between UFE and MR imaging, there is progres-
sive liquefaction of leiomyomas with increased
signal intensity on T2-weighted images. Leio-
myoma calcification typically occurs at least 6
months after UFE and will be seen as low signal
intensity on T'1- and T2-weighted images along
with blooming on GRE images (69).

The goal of UFE is 100% infarction of uter-
ine leiomyomas to achieve optimal and extended
improvement in preprocedure symptoms. Resid-
ual viable leiomyoma tissue may result in failure
of UFE due to regrowth of uterine leiomyomas
(55,67) (Fig 31).

Post-UFE Complications

Although rare, complications after UFE have
been reported. MR imaging may aid in diagnosis
or exclusion of several postprocedure complica-
tions. Minor complications include hematoma,
transient pain or postembolization syndrome, and
delivery of a leiomyoma (64). A hematoma after
UFE is rare and manifests similarly to hemato-
mas after other interventional procedures that
require arterial puncture.

Transient pain or postembolization syndrome
is a constellation of findings that are experienced
to a variable degree, including pelvic pain and
cramping, nausea and vomiting, low-grade fe-
ver, and general malaise. Frequently, symptoms
of postembolization syndrome can be managed
conservatively with oral analgesics and acet-
aminophen. However, aggressive management in
the early postprocedure setting is advocated to
increase patient comfort early during recovery so
as to decrease the risk of deep venous thrombosis
and pulmonary thromboembolic disease.

Transcervical expulsion of a leiomyoma occurs
in 2.5% of cases (64). Leiomyoma expulsion may
be associated with severe pelvic pain or cramping,
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recurrent bleeding, or infection (64). As stated
earlier, submucosal leiomyomas are associated
with an increased risk of transcervical expulsion.
In most cases, an infarcted leiomyoma distends
the endometrial canal and migrates toward the
cervix; in some cases, dilatation of the internal os
may be present. Spontaneous passage may occur,
depending on the size of the infarcted leiomyoma
(Fig 22). However, larger leiomyomas may require
hysterectomy or hysteroscopic resection (Fig 23).

Other potential major complications include
premature menopause (loss of ovarian function),
bladder necrosis, and infection. Nontarget emboli-
zation can occur, resulting in loss of ovarian func-
tion or bladder necrosis; however, careful prepro-
cedure planning and preembolization angiography
greatly reduce this risk. Postembolization infection
was one of the early complications but is now seen
in less than 1% of patients after UFE (64).

Infectious complications include endometritis,
tubo-ovarian abscess, pyomyoma, and uterine ne-
crosis. Infectious endometritis occurs in 0.5% of
women undergoing UFE (64). Most patients re-
spond to antibiotics; however, in cases that do not
respond to antibiotics, hysterectomy is required
(64). At MR imaging, there may be enlargement
of the uterus with an intracavitary hematoma that
is of high signal intensity on T 1-weighted images.
Gas will appear as a signal void on both T'1- and
T2-weighted images (64).

Pelvic inflammatory disease and tubo-ovarian
abscess are rare complications of UFE but should
be considered in a patient with prolonged or re-
current pain and fever. Aggressive therapy with
antibiotics and percutaneous drainage or surgery
is required in cases that are refractory to medical
therapy; therefore, recognition of imaging features
is important. Often, the diagnosis is made on the
basis of the clinical history and presenting features;
however, in challenging cases, pelvic US is the ini-
tial imaging modality of choice for evaluation.

At US, a thick-walled unilocular or multilocular
cystic adnexal mass with an associated hyperemic
fallopian tube is diagnostic. At MR imaging, the
signal intensity characteristics of a tubo-ovarian
abscess may be similar to those of simple fluid,
with low signal intensity on T 1-weighted images
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Figure 31. UFE failure due to regrowth. (a, b) Axial nonenhanced (a) and contrast-enhanced (b) fat-
suppressed T1-weighted GRE images before UFE show two viable fundal leiomyomas (L in b). (c) Axial
contrast-enhanced fat-suppressed T1-weighted GRE image after UFE shows residual viable tissue at the
periphery of the larger leiomyoma (arrow) and homogeneous enhancement of the smaller leiomyoma.
(d) Axial contrast-enhanced fat-suppressed T'1-weighted GRE image obtained 3 months later shows re-
growth of the large leiomyoma (arrow).

and high signal intensity on T2-weighted images. and the abscess rim will typically be at least 3 mm
If proteinaceous material is present, there may be thick (64), with enhancement of the rim after con-
intermediate signal intensity on T'1-weighted im- trast material administration (Fig 32).

ages and variable signal intensity on T2-weighted
images. The abscess may be uni- or multilocular,
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Figure 32. Tubo-ovarian abscess in a 37-year-old woman. (a, b) Sagittal (a) and coronal (b) endovaginal
pelvic US images show a dilated, thick-walled, tubular structure that contains internal echoes in the right
adnexa. (c) Coronal CT image obtained later the same day shows the dilated, thick-walled, tubular right ad-
nexal structure with an incomplete septum (arrow) just lateral to the uterus. (d—f) Sagittal (d) and axial (e)
T2-weighted and axial contrast-enhanced fat-suppressed T'1-weighted GRE (f) images show the dilated, thick-
walled, tubular right adnexal cystic structure (7) adjacent to the uterus (U in e and f) with rim enhancement
after contrast material administration, findings consistent with a tubo-ovarian abscess.
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Pyomyoma (aka suppurative leiomyoma) is a
rare complication of UFE that occurs secondary
to infarction and superimposed infection (Fig
23). After UFE, patients present with sepsis and
no other source of infection. Imaging findings
are not pathognomonic, as gas can be seen after
UPFE; therefore, correlation with clinical symp-
toms is critical (70,71).

Although uterine necrosis requiring hyster-
ectomy occurs in less than 1% of UFE patients,
contrast-enhanced MR imaging is the modality of
choice for assessing the viability and vascularity of
the myometrium (69). If uterine necrosis is pres-
ent, there will be absence of myometrial enhance-
ment on contrast-enhanced MR images (69).

Conclusions
Uterine leiomyoma is the most common tumor
of the female reproductive system and accounts
for the majority of hysterectomies in the United
States. UFE is a safe and effective alternative to
hysterectomy for relief from the symptoms of
uterine leiomyomas. MR imaging performed be-
fore and after UFE is critical for demonstrating
and localizing leiomyomas, assessing the likeli-
hood of symptom relief after therapy on the basis
of imaging characteristics, and monitoring the
response of leiomyomas to therapy.

Disclosures of Conflicts of Interest.—D.G.M.: Related
financial activities: none. Other financial activities: con-
sultant for CMC Contrast; expert witness in various
legal medical malpractice cases.
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Page E252

However, MR imaging is the most accurate imaging modality for detection and localization of leiomy-
omas and their mimics: adenomyosis, solid adnexal masses, focal myometrial contractions, and occa-
sionally uterine leiomyosarcomas.

Page E252

Over time, preprocedure MR imaging is the diagnostic tool of choice for determining patient eligibility
for UFE and for assessing potential procedural risk. Furthermore, MR imaging is also a useful tool for
determining treatment outcome and for diagnosing potential complications after UFE.

Page E267
Preprocedure MR imaging has also proved useful in assessing the success of UFE, as well as assessing
potential risks for complications.

Page E267
Preprocedure MR imaging can help predict which leiomyomas are more likely to become intracavitary
after the procedure.

Page E274

The location, size, and enhancement of leiomyomas provide significant prognostic information about
the potential success of UFE. Therefore, the location, size, size of the stalk (if pedunculated), and en-
hancement characteristics of lelomyomas should be analyzed and reported.



