
INTRODUCTION

Leiomyomas represent the most common gyneco-
logic tumors and are observed in 20-30% of
women in reproductive age1.

Magnetic resonance (MR) is the most accurate
imaging tool to identify and localize leiomy-
omas1,2. At MR imaging leiomyomas can show a
typical signal (hypointensity on T2-weighted im-
ages); however, especially in larger tumors, may
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ABSTRACT: Background: Leiomyomas represent the most common benign uterine tumors.
Typically asymptomatic, they may determine menometrorrhagia, abdominal pain and infertility.
They may be singular or multiple and may have variable size. When leiomyomas increase in size,
their vascular supply may become insufficient determining different types of degeneration: hya-
line, myxoid, cystic and hemorrhagic (red). Differential diagnosis includes adenomyosis, solid ad-
nexal masses, focal contraction of myometrium and leiomyosarcomas of the uterus. Our purpose is
to describe MR imaging findings, histological features and clinical aspects of uterine leiomyomas.

Materials and Methods: Our MR protocol includes sagittal, oblique coronal, oblique axial T2-
weighted fast spin-echo and T1-weighted 3D gradient echo LAVA fat-suppressed sequences before
and after contrast administration, and axial DWI SE EPI sequence.

Results: Non-degenerated uterine leiomyomas typically appear as well defined masses, homoge-
neously hypointense in comparison to the surrounding myometrium on T2-weighted images and with
intermediate signal intensity on T1-weighted images. Hypercellular leiomyomas show signal intensity
higher than that of non degenerated leiomyomas on T2 weighted images and present contrast en-
hancement after administration of mdc. Degenerated leiomyomas present variable signal intensity on
T2-weighted images and on T1-weighted images obtained before and after contrast administration.
Differential diagnosis with leiomyosarcoma, characterized by hemorragic areas, necrosis and, fre-
quently, irregular margins may be difficult and sometimes only possible with histopathology.

Conclusions: MRI is the most accurate radiological tool in detection and localization of uterine
leiomyomas. Leiomyomas characterization, often possible with MR imaging, require knowledge of
pathological features and imaging findings associated with the different kinds of degeneration. MRI
is an irreplaceable tool in planning the correct therapeutic strategy and in follow up after therapy.
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manifest different patterns of degeneration that
make their appearance widely variable. Knowl-
edge of histological features of degenerated
leiomyomas may help the radiologist to recognize
and sometimes to characterize these lesions1,3. 

Differential diagnosis at MR imaging include
adenomyosis, solid adnexal masses, focal my-
ometral contractions and uterine leiomyosarco-
mas1,4.

In this article, we show MR imaging findings,
histological features and clinical aspects of uter-
ine leiomyomas through the description of some
radiological cases analyzed in our department,
many of which has been histologically confirmed.
Differential diagnosis as well as our MRI protocol
are exposed.

CLASSIFICATION

Leiomyomas generally interest the myometrium
of uterine corpus but they may also be found in the
cervix (about 8% of cases). According to their lo-
cation they are classified as submucosal (Figure
1), intramural (Figure 1) or subserosal (Figure 2).
This classification has real clinical importance as
symptoms and treatment options vary in relation
to the different type of leiomyomas1.

Submucosal leiomyomas are the least common
(about 5% of cases), but they determine clinical
symptoms more frequently than the other types and
can be associated with dysmenorrhea, menorrhagia
and infertility5. Pedunculated submucosal leiomy-
omas may protrude in the cervix canal or in vagina.
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Figure 1. Submucosal and intramural leiomyomas in a 39 year-old woman. Oblique axial (A) and oblique coronal (B) FSE T2-
weighted images reveal multiple leiomyomas without degeneration homogeneously hypointense compared to the surrounding
myometrium, with submucosal (white arrows) and intramural (white arrowheads) localization.

Figure 2. Subserosal leiomyoma in a 32 year-old woman. (A) Sagittal FSE T2-weighted image reveals a non degenerated
leiomyoma homogeneously hypointense compared to the surrounding myometrium, with subserosal localization (white arrow)
in the uterine fundus. (B)Histological examination (H&E 20x). Proliferation of smooth muscle cells combined in collated fibers.



Intramural are the most common leiomyomas
and are often asymptomatic. They can be associat-
ed with menorrhagia or infertility, in case of com-
pression of fallopian tubes6.

Subserosal leiomyomas may be pedunculated
and may undergo torsion with clinical acute ab-
dominal pain; they may also develop in the con-
text of broad uterine ligament simulating an
adnexal mass1.

CLINICAL SYMPTOMS

The percentage of symptomatic patients affected
by uterine leiomyiomas is between 20 and 50%7.
Main symptoms correlated with the presence of
leiomyomas that can represent indication for sur-
gical treatment are: bleeding, compression of ad-
jacent organs, pain and infertility1.

Bleeding

Bleeding is the most common symptom of
leiomyomas; it may manifest as menorrhagia or
metrorrhagia and may determine anemia. Haem-
orrhage can be associated with the presence of
submucosal leiomyomas which determine erosion
of overlying endometrium, or with intramural my-
omas which interfere with the normal contractile
activity of myometrium determining menstrual ir-
regularities1.

Compression of adjacent organs

Voluminous leiomyomas may determine compres-
sion of adjacent anatomical structures with onset
of different clinical symptoms in relation to the
anatomical compartment involved. When leiomy-
omas develop into the anterior compartment of the
pelvis may determine compression of the bladder
with consequent pollakiuria or incontinence; if
they growth up in the posterior compartment may
compress the sigma-rectum and determine consti-
pation. Leiomyomas developing into the broad lig-
ament of the uterus may determine compression of
the ureter with hydroureteronephrosis7.

Pain

Painful symptoms may verify in about 30% of
women affected by uterine leiomyomas6 and may
occur in case of torsion of pedunculated subseros-
al lesions or in case of prolapse of pedunculated
submucosal lesions1. Pain may also be associated

with acute hemorrhagic degeneration that occurs
more frequently during pregnancy1.

Infertility

Infertility associated with uterine leiomyomas can
be determined by impairment of fallopian tubes or
distortion of the endometrial cavity7.

MR IMAGING FINDINGS 
AND CORRELATION 
WITH HISTOPATHOLOGY

Magnetic resonance represents the most accurate
radiological technique in identifying and localize
uterine leiomyomas2. Concerning the identifica-
tion of leiomyomas MRI is more sensitive than ul-
trasonography which has a very limited field of
view8,9.

Owing to its excellent contrast resolution and
multiplanar capability MRI allows to recognize
the zonal anatomy of the uterus and to correctly
classify the lesions as submucosal, intramural and
subserosal1.

Non degenerated uterine leiomyomas have a
typical appearance at MRI and appear as well de-
fined masses, homogeneously hypointense in
comparison to the surrounding myometrium on
T2-weighted images (Figures 1, 2) and with inter-
mediate signal intensity on T1-weighted im-
ages1,3. Histopathological examination reveals
that non degenerated leiomyomas are character-
ized by a proliferation of smooth muscle cells, or-
ganised in bundles separated by a variable
quantity of well vascularised connective tissue
(Figure 2). Within the stroma may be present lym-
phocytes and numerous mast cells.

From a histological point of view hypercellular
leiomyomas are characterized by an increased cel-
lularity, but they do not present coagulative necro-
sis or cellular atypia. At MR imaging they show
signal intensity higher than that of non degenerat-
ed leiomyomas on T2 weighted images (Figure 3
a-c) and present contrast enhancement after ad-
ministration of m.d.c. On diffusion weighted im-
aging (DWI) may be observed areas of restricted
diffusion, which are expression of the hypercellu-
larity of the lesion (Figure 3 d-e).

When leiomyomas increase in size, their vas-
cular supply may become insufficient determining
many types of degeneration: hyaline, myxoid,
cystic and hemorrhagic degeneration 1,3. The type
of degeneration pattern depends on how quickly
the vascular insufficiency establishes4 and inside

BENIGN NEOPLASMS OF THE UTERUS

3



the same leiomyoma different types of degenera-
tion may coexist. Degenerated leiomyomas pres-
ent variable signal intensity on T2-weighted
images and on T1-weighted images obtained be-
fore and after contrast administration.

Hyaline degeneration is the most common type
of degeneration, it occurs in more than 60% of
leiomyomas and may be focal or diffuse3. At histo-
logic examination it is characterized by deposits of
collagen fibers into areas of the leiomyoma with
insufficient vascular supply. At MR imaging their
radiological appearance is quite similar to that of
standard leiomyomas with low signal intensity on
T2-weighted images (Figures 4, 6)1,3.

Cystic degeneration may be observed in about
4% of leiomyomas and is characterized by the
presence of cystic areas of variable width3. At MR
imaging the cystic components appear as roundish
and well defined areas, with water-like signal in-
tensity: low signal on T1-weighted images and
high signal on T2-weighted images, without con-
trast enhancement (Figure 4)1,3. In same cases the
cystic alteration can interest the whole extension
of the leiomyoma (Figure 5).

At histologic examination myxoid degenera-
tion is characterized by the backlog of gly-
cosaminoglycans in regions with insufficient
vascular supply. At MR imaging leiomyomas with
myxoid degeneration show high signal intensity

on T2-weighted images and poor contrast en-
hancement (Figure 6)1,3.

Red degeneration is due the obstruction of
drainage veins located at the periphery of the le-
sion with consequent hemorrhagic stroke and co-
agulative necrosis3. This condition occurs more
often during pregnancy or in association with the
administration of oral contraceptives and may de-
termine systemic symptoms like abdominal pain,
fever and leukocytosis1,3. At MR imaging leiomy-
omas with hemorrhagic degeneration may display
the following pattern: diffuse or peripheral high
signal intensity on T1-weighted images due to the
paramagnetic effect (T1 shortening) of methemo-
globin, variable signal intensity with or without
ipointense peripheral ring on T2-weighted images
(Figure 7). After contrast administration the lesion
doesn’t show enhancement due to the complete
interruption of vascular supply1,3.

About 30% of leiomyomas may show a pe-
ripheral ring of high signal intensity on T2-
weighted images that represents a pseudocapsule
made of dilated lymphatic vessels, ectatic veins or
edema and matches with the peritumoral enhance-
ment observed on T1-weighted images after con-
trast administration10,11.

Other histological features observed in leiomy-
omas are represented by: edema, hemorrhage,
necrosis and calcifications.
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Figure 3. Hypercellular leiomyoma in a 28 year-old woman. Sagittal (A), oblique axial (B) and oblique coronal (C) FSE T2-
weighted images reveal a voluminous leiomyoma inhomogeneously hyperintense (white arrow). (D) Axial diffusion-weighted
(DW) image (b = 800 s/mm²) reveals the presence of hyperintense areas into the lesion (white arrowhead), which appear hy-
pointense (white arrowhead) in the corresponding ADC map (E) demonstrating lesion’s hypercellularity. (F) Photograph of the
cut surface of the resected lesion shows good MR imaging-histopathologic correlation of the leiomyoma.
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Figure 4. Subserosal leiomyoma with hyaline and cystic degeneration in a 42 year-old woman. Oblique axial (A) and oblique
coronal (B) FSE T2-weighted images; (C) axial T1-weighted 3D gradient echo LAVA fat-suppressed image after contrast ad-
ministration. Into the right broad ligament can be observed a voluminous subserosal leiomyoma which presents hypointense sig-
nal on T2-weighted images (A, B), within areas with fluid content (white arrows in A and B) which do not present contrast
enhancement (white arrow in C). (D) Histological examination (H&E 1x). Focal hyaline degeneration (black arrow) and area of
cystic degeneration (black arrowhead) in the context of the leiomyomatous proliferation.

Figure 5. Subserosal leiomyoma
with cystic degeneration in a 68
year-old woman. Sagittal (A)
and oblique coronal (B) FSE T2-
weighted images; sagittal (C)
and oblique coronal (D) T1-
weighted 3D gradient echo LA-
VA fat-suppressed image after
administration of contrast agent.
In the right side of the uterus can
be observed a leiomyoma with
fluid-like signal intensity, dif-
fusely hyperintense on T2-
weighted images (white arrows
in A and B) and hypointense on
T1-weighted images, without
contrast enhancement (white ar-
rows in C and D). Radiological
findings suggest cystic degener-
ation.



Edema is a histological feature observed in
about 50% of leiomyomas and it is not always
correlated with degeneration3. Edema may be dif-
fuse to the whole lesion with mottled appearance,
but more frequently it prevails at the periphery of

the lesion (Figure 8)11. Leiomyomas with exten-
sive edema, show high signal intensity on T2-
weighted images due to the backlog of fluid and
intense enhancement due to the retention of con-
trast into the abundant interstitial space3.
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Figure 6. Leiomyoma with hyaline and myxoid degeneration in a 48 year-old woman. Oblique coronal (A) and sagittal (B) FSE
T2-weighted images reveal a voluminous intramural leiomyoma. The mass appears inhomogeneous because of the presence of
hypointense areas (hyaline degeneration) (white arrows) and hyperintense areas (myxoid degeneration) (white arrowheads). On
axial (C) and sagittal (D) T1-weighted 3D gradient echo LAVA fat-suppressed images after contrast agent administration, the le-
sion has slightly inhomogeneous contrast enhancement. (E) Histological examination. Area of hyaline degeneration, character-
ized by collagen fibres deposition, surrounding by bundles of smooth muscle cells (H&E 5x). (F) Histological examination. Area
of myxoid degeneration (H&E 5x).

Figure 7. Leiomyoma with hemorrhagic degeneration in a 38 year-old pregnant woman (24th week of pregnancy). (A)Axial FSE
T2-weighted image; (B) axial T1-weighted 2D gradient echo image (C) axial T1-weighted 3D gradient echo LAVA fat-sup-
pressed image. On the left anterior side of the uterus can be seen a roundish leiomyoma (white arrows) with hypointense signal
on T2- weighted image (A), hyperintesne signal on T1-weighted image (B) and hyperintesne signal on T1-weighted fat-sup-
pressed image (C) due to hemorrhagic degeneration. Note the fetus (white arrowheads).



Hemorrhage and necrosis are uncommon histo-
logical features that can be observed in
leiomyiomas; histologically damaged smooth
muscle cells are replaced by collagen tissue3.

At MR imaging, leiomyomas with necrosis
and hemorrhage show inhomogeneous appear-
ance because of the presence of areas with vari-
able signal intesnity. In case of ischemic necrosis

areas with hyperintense signal on T2-weighted
images and hypointense signal on T1-weighted
images may be observed; when hemorrhagic phe-
nomena occur (coagulative-hemorrhagic necro-
sis) areas with hypointense signal on T2-weighted
images and hyperintense signal on T1-weighted
images may be observed. After administration of
contrast agent necrotic areas don’t show contrast
enhancement (Figures 9, 10)1,3.
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Figure 8.Leiomyoma with peripheral edema in a 45 year-old woman. Oblique coronal (A) and oblique axial (B) FSE T2-weighted im-
ages reveal a voluminous leiomyoma with low signal intensity (white arrowheads) located in the posterior side of the uterine fundus
and corpus which displaces forward the endometrial cavity (long white arrows). On the outskirts of the lesion can be observed a hy-
perintense ring (short white arrows) due to peripheral edema. (C) On the axial gradient-echo T1-weighted 2D image the leiomyoma
(white arrowhead) looks isointense compared to the myometrium and the peripheral edema looks hypointense (short white arrow).

Figure 9.Hypercellular leiomyoma with ischemic and hemorrhagic necrosis in a 64 year-old woman. (A)Oblique axial FSE T2-
weighted image reveals a leiomyoma with inhomogeneous signal intensity due to the presence of hyperintense areas with fluid
content (ischemic necrosis) (white arrow) and hypointense areas of hemorrhagic nature (hemorrhagic necrosis) (black arrow).
(B) Oblique coronal T1-weighted 3D gradient echo LAVA fat-suppressed images after contrast agent administration reveals the
presence of hypointense areas with fluid content, without enhancement (ischemic necrosis) (white arrow). (C)Axial diffusion-
weighted (DW) image (b = 800 s/mm²) reveals the presence of hyperintense areas into the lesion (white arrowheads), that ap-
pear hypointense in the ADC map (white arrowheads in D), expression of hypercellularity. (E) Histological examination (H&E
1x). Area of hemorrhagic necrosis.



However it is important to remember that hem-
orrhage and necrosis occur also in leiomyosarco-
mas12; in these cases, as will be seen below, in the
absence of MR features suggestive of malignant
transformation (irregular margins) the diagnosis is
often exclusively histological1.

Calcifications occur in about 4% of leiomy-
omas. They are generally dense and amorphous
and can be easily identified at plain abdominal X-
ray examination. Rarely may show ring appear-
ance at the periphery of the lesion, as result of a
previous hemorrhagic degeneration3.

DIFFERENTIAL DIAGNOSIS

Differential diagnosis of leiomyomas includes ade-
nomyosis, solid adnexal masses, focal contraction of
myometrium and leiomyosarcomas of the uterus1,4.

Adenomyosis

At histological examination adenomyosis is char-
acterized by ectopic endometrial glands and stroma
inside the myometrium associated with reactive hy-
pertrophy of smooth muscle cells of the surround-
ing myometrium. Adenomyosis may be focal or
diffuse. Clinically may determine dysmenorrhea
and menorrhagia, symptoms similar to that of
leiomyomas1,3.

At MR imaging the diffuse form looks like a
thickening of the junctional zone on T2-weighted
images (a thickness of the junctional zone superior
to 12 mm is highly suggestive of adenomyosis) 13;
hypointense signal of adenomyosis on T2-weight-
ed images is due to the hypetrophy of smooth mus-
cle cells. Small hyperintense foci on T2-weighted
images represent endometrial glands; some of these
foci may show high signal intensity on T1-weight-
ed images due to hemorrhagic phenomena. In the
focal form adenomyosis looks like an area with ill-
defined margins into the myometrium with low in-
tensity signal on T2-weighted images, whereas
leiomyomas often appear as well defined masses1,4.
The distinction between adenomyosis and leiomy-
omas is of clinical importance because leiomyomas
may be treated with surgical myomectomy where-
as adenomyosis may need hysterectomy1.

Solid adnexal masses

Pedunculated leiomyomas which develop into the
broad ligament may enter in differential diagnosis
with solid adnexal masses originated by the
ovary1,4. In the presence of an adnexal mass, on
MR imaging, the diagnosis of leiomyoma can be
suggested by the demonstration of its continuity
with the myometrium even if only for the presence
of bridging vessels14. The capability of MRI to
demonstrate a normal morphology of the ovaries
in presence of an enlarged and fibromatous uterus
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Figure 10. Same patient of figure 5. Subserosal
pedunculated leiomyoma with ischemic necro-
sis. Sagittal (A) and oblique coronal (B) FSE T2-
weighted images reveal a voluminous subserosal
pedunculated leiomyoma of the uterine fundus
(white arrows) with inhomogeneous signal in-
tensity due to the presence of hyperintense areas
on the posterior and left side (white arrow-
heads). Sagittal (C) and oblique coronal (D) T1-
weighted 3D gradient echo LAVA fat-suppressed
images after contrast administration. The mass
(white arrows) presents inhomogeneous signal
intensity due to the presence of a wide and irreg-
ular area without contrast enhancement (white
arrowheads). The finding is suggestive of is-
chemic necrosis.



allows to rule out the diagnosis of adnexal neo-
plasms. The adnexal neoplasms that may show a
signal intensity similar to that of leiomyomas, are
ovarian fibromas and Brenner tumor, both charac-
terized by abundant fibroid component. At MR im-
aging the visualization of ovarian stroma and
follicles surrounding an ovarian fibroma or a Bren-
ner tumor allows to establish the ovarian origin of
the mass and to exclude the diagnosis of leiomy-
oma1,4. The distinction between an ovarian mass
and leiomyoma may be important in pregnant pa-
tients as a diagnosis of leiomyoma can exclude the
need for surgical treatmen1,4.

Focal contraction of myometrium

At MR imaging focal contractions of myometri-
um may appear as hypointense areas on T2-
weighted images. The transitional nature of these
alterations allows to distinguish them form
leiomyomas (Figure 11)15.

Leiomyosarcoma of the uterus

Leiomyosarcomas represent about 30% of uterine
sarcomas16. Leiomyosarcoma may originate from a
pre-existent benign leiomyoma or de novo from the
smooth muscle cells of the myometrium. The preva-
lence of the sarcomatous degeneration of uterine
leiomyomas range between 0.1% and 0.8%17.

Generally leiomyosarcoma manifests with a
significant increase of dimensions of the uterus and
is characterized by irregular central areas of hemor-
rhage and necrosis4. At MR imaging, the presence
of irregular margins of an uterine leiomyoma may
be suggestive of malignant degeneration1,4. How-
ever the ability of MR to distinguish a degenerated
leiomyoma from a leiomyosarcoma hasn’t been es-

tablished yet and often the diagnosis of leiomyosar-
coma is confirmed by the pathologist after surgical
removal of an alleged benign leiomyoma1. Histo-
logically leiomyosarcoma is characterized by a rich
proliferation of smooth muscle cells, in which sev-
eral mitosis, nuclear atypia and necrosis are found.

Among other sarcomatous lesions of the uterus
the stromal sarcoma (Figure 12) may show very
similar MR features to that of leiomyomas; in these
cases the diagnosis is exclusively histological.

IMAGING PROTOCOL

The MR imaging protocol we use in our institution
to study patients with clinical suspicion or ultra-
sound finding of uterine leyomiomas is as follows.

MR imaging is performed with a closed-con-
figuration superconducting 1.5-T system (Signa
HDxT; GE Healthcare, Milwaukee, Wis) with
57.2 mT/m gradient strength and 120 T/m/s slew
rate, by using an eight-channel high-resolution
torso coil with array spatial sensitivity technique
(ASSET) parallel acquisition.

MR sequences

• Localizer sequence in the three spatial planes;
• Axial T2-weighted single-shot fast spin-echo
(SSFSE) sequence [time to repetition
(TR)/time to echo (TE) range 765/59; flip an-
gle 90°; section thickness 6 mm; interslice gap
0.6 mm; bandwidth 31.25 kHz; field of view
(FOV) 38 cm; matrix 320×288; number of av-
erages 0.54; number of images 30; acquisition
time 24 s] used as second localizer to identify
the longitudinal axis of the uterus in the case of
laterally deviated uterus;

BENIGN NEOPLASMS OF THE UTERUS
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Figure 11. Focal myometrium contraction in a 19 year-old woman. (A) Oblique axial FSE T2-weighted image shows a hy-
pointense area (white arrows) within the myometrium of the posterior uterine wall. (B) Oblique axial FSE T2-weighted image
acquired about 10 minutes later shows homogeneous signal intensity of the myometrium thus excluding the diagnosis of leiomy-
oma. The finding is suggestive of focal contractions of myometrium. Note the different shape of the endometrial cavity (white
arrowheads in A and B) due to myometrial contractions.



• Sagittal T2-weighted fast spin-echo (FSE) se-
quence parallel to the longitudinal axis of the
uterus (identified on the previous SSFSE se-
quence) (TR/TE range 4,675/100; flip angle
90°; section thickness 4 mm; interslice gap 1
mm; bandwidth 41.67 kHz; FOV 32 cm; ma-
trix 320×224; number of averages 4; number
of images 26; acquisition time 3 min 49 s);

• Oblique coronal T2-weighted FSE sequence
parallel to the longitudinal axis of the uterus
(TR/TE range 4,675/100; flip angle 90°; sec-
tion thickness 4 mm; interslice gap 1 mm;
bandwidth 41.67 kHz; FOV 32 cm; matrix
320×224; number of averages 4; number of
images 26; acquisition time 3 min 49 s);

• Oblique axial T2-weighted FSE sequence per-
pendicular to the longitudinal axis of the uterus
(TR/TE range 4,675/100; flip angle 90°; sec-
tion thickness 4 mm; interslice gap 1 mm;
bandwidth 41.67 kHz; FOV 32 cm; matrix
320×224; number of averages 4; number of
images 26; acquisition time 3 min 49 s);

• Axial DWI SE EPI (TR/TE 3000/74,1; flip an-
gle 90°; section thickness 5 mm; interslice gap
1 mm; bandwidth 250 kHz; field of view 45
cm; matrix 160 × 160; number of averages 16;
number of images 14; b-value 0 e 800 s/mm²;
acquisition time 1 min e 40 s);

• Sagittal T1-weighted 3D gradient-echo liver
acquisition with volume acquisition (LAVA)
sequence with fat suppression (TRe/TE range
4.4/2.1; flip angle 12°; section thickness 3.4
mm; overlap locations –1.7 mm; bandwidth
62.5 kHz; FOV 40 cm; matrix 320 × 192; num-
ber of averages 0.75; number of images 104;
acquisition time 22 s).

• After i.v. administration of 0.1 mmol/kg para-
magnetic contrast agent (Dotarem, Guerbet,

Roissy, France) at a flow rate of 2 ml/s, followed
by 20 ml of saline solution at the same flow rate,
the following sequences are acquired:

• Dynamic sagittal T1-weighted 3D gradient-
echo LAVA with fat suppression (TR/TE range
4.4/2.1; flip angle 12°; section thickness 3.4
mm; overlap locations –1.7 mm; bandwidth
62.5 kHz; FOV 40 cm; matrix 320 × 192; num-
ber of averages 0.75; number of images 104;
acquisition time 22 s) acquired at 60 and 120 s
after contrast administration;

• T1-weighted 3D gradient echo LAVA fat-sup-
pressed sequence, in the coronal oblique (par-
allel to the longitudinal axis of the uterus),
axial oblique (perpendicular to the longitudi-
nal axis of the uterus) and axial planes (TR/TE
range 4.4/2.1; flip angle 12°; section thickness
3.4 mm; overlap locations –1.7 mm; band-
width 62.5 kHz; FOV 40 cm; matrix 320×192;
number of averages 0.75; number of images
104; acquisition time 22 s).

The following optional sequences can be
added to the standard ones:
• Sagittal, axial oblique or coronal oblique fat
suppressed T2-weighted FSE sequence
(TR/TE range 4,675/100; flip angle 90°; sec-
tion thickness 4 mm; interslice gap 1 mm;
bandwidth 41.67 kHz; FOV 32 cm; matrix
320×224; number of averages 4; number of
images 24; acquisition time 3 min 49 s);

• Axial T1-weighted 2D gradient-echo (GRE)
sequence in-out (chimical-shift imaging)
(TR/TE 180/2,1; flip angle 80°; section thick-
ness 6 mm; interslice gap 0,6 mm; bandwidth
62,5 kHz; field of view 38 cm; matrix 256 ×
224 ; number of averages 1; number of images
20; acquisition time 22 s).
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Figure 12. Stromal sarcoma of the uterus in a 60 year-old woman. (A) Oblique coronal FSE T2-weighted image reveals a ho-
mogeneously hypointense lesion (white arrow) compared with the myometrium. (B) In oblique coronal T1-weighted 3D gradi-
ent echo LAVA fat-suppressed image after contrast administration the lesion presents homogeneous contrast enhancement (white
arrow). The finding had suggested the diagnosis of leiomyoma. (C) Histological examination (H&E 20x). Low grade endome-
trial stromal sarcoma: proliferation of small sized, roundish cells which remember the cells of the cytogen stroma of the uterus;
presence of numerous vessels of small caliber surrounded by neoplastic cells.



MR imaging is performed with the patient ly-
ing in the supine position (feet first). T2-weighted
FSE sequences are acquired with patient breath-
ing freely, T1-weighted 3D gradient echo LAVA
fat-suppressed sequence are acquired in breath
hold.

POTENTIAL ROLE OF DIFFUSION 
WEIGHTED IMAGING

Diffusion weighted MR imaging (DWI) repre-
sents a new perspective of MRI applied to the
study of abdominal pathologies. DWI is a tech-
nique based on the diffusion motion of water mol-
ecules18, that displays information about
extracellular compartment, tissue cellularity and
the integrity of the cellular membranes19. In the
oncological setting this technique has been ap-
plied in the prediction and early detection of re-
sponse to proton-beam therapy in oclular
melanoma20,21, in the study of head and neck
squamocellular carcinoma22 and of liver neo-
plasms23. Other applications are represented by
the study of inflammatory bowel diseases24, the
assessment of liver fibrosis25 and the noninvasive
evaluation of transplanted kidney’s function26.

In our MR protocol we use a DW sequence
with b-value of 0 and 800 s/mm² that represent the
best compromise between signal to noise ratio
(SNR) and lesion detection sensitivity on our MR
system. In the study of uterine leiomyomas DWI
could be of help in identifying hypercellular com-
ponents of hypercellular leiomyomas or
leiomyosarcomas, but its role in the differential
diagnosis is still debatable.

Leiomyomas represent one of the main causes
of error in the evaluation of myometrial invasion in
endometrial carcinoma with MRI27. DW sequences
could improve the capacity of MRI in staging en-
dometrial cancer because are not influenced by
standard pitfalls reported in the literature28.

CONCLUSIONS

Owing to its excellent contrast resolution and mul-
ti-planar capabilities MR imaging allows to identi-
fy and localize uterine leiomyomas and to
distinguish them from other masses of adnexal ori-
gin. Characterization of leiomyomas is often pos-
sible with MR imaging, but the radiologist should
be aware of the pathological features and the radi-
ological findings that characterize the different
types of degeneration; however in the presence of
widespread phenomena of necrosis and hemor-
rhage the diagnosis is often histopathological.

Nevertheless, the contribute of MR imaging is
irreplaceable to choose the correct therapeutic
strategy and in follow-up after therapy.
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