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Adenomyosis is a common nonneoplastic gynecologic disease character-
ized by the presence of ectopic endometrium within the myometrium.
On T2-weighted magnetic resonance (MR) images, typical adenomyosis
appears as an ill-demarcated low-signal-intensity lesion with uterine
enlargement. However, various physiologic or pathologic states such

as amount of functional endometrial tissue, phase of the menstrual
cycle, endogenous hormonal abnormality, and exogenous hormonal
stimulation may affect the MR imaging appearance of adenomyosis

and may result in a tumorlike appearance. Problem-solving MR im-
aging techniques used in diagnosis of adenomyosis include diffusion-
weighted imaging, susceptibility-weighted imaging, hydrogen 1 MR
spectroscopy, cine MR imaging, and high-resolution MR imaging at

3 T. Adenomyotic lesions that show high signal intensity relative to the
outer myometrium on T2-weighted images mimic malignancies such

as leiomyosarcoma and endometrial stromal sarcoma. In these cases, a
relatively high apparent diffusion coefficient at diffusion-weighted imag-
ing and a low choline peak at MR spectroscopy are suggestive of a be-
nign lesion. Small hemorrhagic foci suggestive of an adenomyotic lesion
are well demonstrated as signal voids at susceptibility-weighted imaging.
Cine MR imaging is useful in differentiating transient myometrial con-
traction from focal adenomyosis. High-resolution MR imaging at 3T
demonstrates anatomically detailed structures and may improve diag-
nostic accuracy in differentiating adenomyosis from its mimics, such as
low-grade endometrial stromal sarcoma.
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Figure 1. Adenomyosis in a 47-year-old woman. (a) Photograph of the cut surface of the gross specimen
shows diffusely thickened myometrium. (b) Low-power photomicrograph (hematoxylin-eosin stain) shows
ectopic endometrial glands and stroma (arrow) surrounded by hypertrophied smooth muscle.

Introduction
Adenomyosis is a common nonneoplastic gyne-
cologic disease characterized by the presence of
ectopic endometrium within the myometrium
(1-3). Adenomyosis typically affects multiparous,
premenopausal women over 30 years of age and
may cause dysmenorrhea, menorrhagia, and
abnormal genital bleeding (3—5). Magnetic reso-
nance (MR) imaging is a noninvasive modality
with high sensitivity and specificity for diagnosis
of adenomyosis (4—12). In cases of an enlarged
uterus revealed with ultrasonography, MR imag-
ing allows differentiation of adenomyosis from
leiomyoma or other pathologic conditions owing
to its excellent tissue contrast resolution (4—12).
On T2-weighted images, typical adenomyosis
appears as an ill-demarcated low-signal-intensity
lesion with uterine enlargement. However, vari-
ous physiologic or pathologic states may affect
the MR imaging appearance of adenomyosis and
may result in a tumorlike appearance (4-12).

In this article, we present various MR imaging
manifestations of adenomyosis and describe key
findings for diagnosis of adenomyosis by using
problem-solving MR imaging techniques. Spe-
cific topics discussed are MR imaging manifesta-
tions of typical adenomyosis, problem-solving
MR imaging techniques, atypical MR imaging
manifestations of adenomyosis, pitfalls in diagno-
sis of adenomyosis, atypical morphologic appear-

ances of adenomyosis, and coexisting endometrial
cancer or malignant transformation.

MR Imaging Manifes-
tations of Typical Adenomyosis

At pathologic analysis, adenomyosis is charac-
terized by the presence of ectopic endometrial
glands and stroma within the myometrium with
hypertrophy and hyperplasia of smooth muscle
(1-3). Adenomyosis may affect the uterine myo-
metrium diffusely and result in a diffusely en-
larged uterus, or it may be localized as an adeno-
myoma. A cut section of a diffusely adenomyotic
uterus shows thickened myometrium due to the
ill-defined adenomyosis; the thickened myome-
trium is composed of haphazardly distributed
hypertrophied muscular trabeculae surrounding
ectopic endometrial tissue (Fig 1) (3). Brownish
old hemorrhagic foci corresponding to hemolysed
blood and hemosiderin pigment deposits may be
contained within the area of adenomyosis (3).

Typical adenomyosis appears as an ill-demar-
cated low-signal-intensity area on T2-weighted
images owing to abundant smooth muscle
proliferation (Fig 2) (4—12). Because adenomy-
otic endometrium looks like the basalis endo-
metrium, which seldom responds to hormonal
stimuli, cyclic changes including degeneration,
bleeding, and regeneration are less common in
adenomyosis than in endometriosis (1-3). On
T2-weighted MR images, ectopic endometrium
appears as small high-signal-intensity areas like
normal endometrium (Fig 2). Small cysts may
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Figure 2. Adenomyosis in a 46-year-old woman. (a) Sagittal T2-weighted fast spin-echo MR image
shows an enlarged uterus with an ill-defined low-signal-intensity lesion (arrow) in the posterior myome-
trium. The lesion contains multiple small high-signal-intensity areas, which represent ectopic endometrial
tissue and small cysts. (b) Sagittal T1-weighted spin-echo MR image shows high-signal-intensity spots
(arrow), which correspond to some of the small high-signal-intensity areas seen on the T2-weighted im-
age. The high-signal-intensity spots represent hemorrhage within the ectopic endometrial tissue.

{5

a.

Figure 3. Adenomyosis in a 42-year-old woman. (a) Sagittal diffusion-weighted echo-planar MR image
(b = 800 sec/mm?) shows an enlarged uterus with an ill-defined lesion of low to intermediate signal inten-
sity (arrow) in the posterior myometrium. (b) Corresponding apparent diffusion coefficient (ADC) map
shows no prominent decrease of ADC value in the area of adenomyosis (arrow).

also appear as high-signal-intensity spots on T2- ing, adenomyosis has low to intermediate signal
weighted images. Sometimes, hemorrhagic foci intensity, a finding consistent with its benign,
appear as 1-3-mm high-signal-intensity foci on nonneoplastic nature (Fig 3) (15). However, there

T1-weighted images owing to the T'1-shortening

effects of methemoglobin (Fig 2) (4-12).
Susceptibility-weighted imaging is sensitive

for old hemorrhagic foci, which appear as spotty

signal voids owing to the T2*-shortening effects of

hemosiderin (13,14). At diffusion-weighted imag-
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Figure 4. Adenomyosis in a 47-year-old woman. (a) Sagittal T2-weighted fast spin-echo MR image
shows an enlarged uterus with an ill-defined low-signal-intensity lesion (arrow) in the posterior myome-
trium. The lesion contains multiple small high-signal-intensity areas. (b) Unenhanced (upper left), early
arterial phase (upper right), late arterial phase (lower left), and venous phase (lower right) images, ob-
tained with a dynamic gadolinium-enhanced three-dimensional fast spoiled gradient-echo sequence with
fat suppression, show heterogeneous and gradual enhancement of the lesion.

is no direct correlation between signal intensity at
diffusion-weighted imaging and malignancy; most
malignant tumors have very high signal intensity at
diffusion-weighted imaging, a finding that reflects
the long T2 relaxation time and restricted diffu-
sion due to high cellularity.

Because adenomyosis may show various
degrees of enhancement after administration of
contrast medium, contrast-enhanced study does
not contribute to diagnostic accuracy (Fig 4)
(12). Dynamic contrast-enhanced imaging may
have greater accuracy than T2-weighted imaging
when adenomyosis and endometrial cancer coex-
ist (16). However, the heterogeneous enhance-
ment of adenomyosis may cause inaccuracy when
evaluating the depth of myometrial invasion by
coexisting endometrial cancer; diffusion-weighted
imaging may be helpful in accurately determining
the depth of myometrial invasion (17).

Problem-solving
MR Imaging Techniques

Diffusion-weighted Imaging
Diffusion-weighted imaging allows visualiza-
tion of the local microstructural characteristics

of water diffusion. The signal intensity seen on
diffusion-weighted images is a combination of the
degree of water diffusion and the signal intensity
of the underlying T2-weighted images. In on-
cologic imaging, various malignant tumors may
show high signal intensity at diffusion-weighted
imaging due to their high cellularity and long T2
relaxation time (15,18-20).

ADC measurement yields quantitative infor-
mation about tissue structure that is based on
the molecular motion of water. Malignant lesions
with increased cellularity show low ADC values,
whereas relatively hypocellular benign lesions and
normal structures tend to show relatively higher
ADC values (15,18-20). A high ADC value cor-
relates with the presence of necrosis or a cystic
area. Therefore, when evaluating ADC value,
the region of interest should be placed on the
solid portion of the lesion so as to avoid necrotic
or cystic areas as much as possible; this can be
achieved by referring to T2-weighted images or
contrast-enhanced T1-weighted images (18).

Tamai et al (21) studied use of diffusion-
weighted imaging with ADC measurement for
differentiation of uterine sarcomas from benign
leiomyomas. In their study, uterine sarcomas and
cellular leiomyomas showed high signal intensity
with a low ADC value, whereas degenerated leio-
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myomas showed low signal intensity with a high
ADC value. Takeuchi et al (15) reported that
ADC measurement may be helpful in differenti-
ating uterine sarcomas, cellular leiomyomas, and
degenerated leiomyomas that show high signal
intensity on T2-weighted images.

Susceptibility-weighted Imaging
Susceptibility-weighted imaging combines mag-
nitude and phase information. In susceptibility-
weighted imaging, the magnetic susceptibility
effects generated by local inhomogeneity of the
magnetic field caused by hemosiderin or de-
oxyhemoglobin are seen as signal voids (22,23).
Susceptibility-weighted imaging is more sensi-
tive to the susceptibility differences between tis-
sues than is conventional T2*-weighted imaging.
In body imaging, susceptibility-weighted imag-
ing is performed by using both magnitude and
phase images obtained with a two-dimensional
fast spoiled gradient-recalled acquisition in the
steady state sequence (13,14).To enhance the
visibility of signal voids caused by the magnetic
susceptibility effects, postprocessing is applied
to the magnitude images with multiplication

by means of a phase mask generated from the
filtered phase data.

Small hemorrhagic foci (hemosiderin deposi-
tion), which are barely detectable on T2-weighted
images, can be demonstrated as signal voids on
susceptibility-weighted images (13,14,22,23).
Takeuchi et al (13) reported that susceptibility-
weighted imaging can contribute to the diagno-
sis of endometrioma by depicting hemosiderin
deposition in the cyst wall. These authors also
reported that susceptibility-weighted imaging is
useful in diagnosis of extraovarian endometriosis
and adenomyosis by demonstrating hemosiderin
deposition (14).

'H MR Spectroscopy

Hydrogen 1 MR spectroscopy is used to mea-
sure various metabolites in body tissues and
provides information on tumor metabolites

in patients (24-26). In gynecologic tumors,
the choline peak (3.2 ppm) reflects the meta-
bolic activity of cell membrane in solid tumors
(25,26). High-grade malignant tumors tend to
show higher choline peaks, which reflect high
cellular proliferating activity (24). Takeuchi et al
(27) reported that high choline peaks were ob-
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served in uterine myometrial malignant tumors
(sarcomas and malignant lymphoma), whereas
usual and degenerated leiomyomas showed low
to moderate choline peaks.

Cine MR Imaging

Cine MR imaging, which is cine mode display of
serial T2-weighted images obtained at an interval
of a few seconds by using an ultrafast sequence,
allows visualization of uterine motion (19,28-31).
Cine MR imaging is useful in differentiating

a transient myometrial contraction from focal
adenomyosis and in determining the origin of
exophytic uterine lesions (19,28-31).

High-Resolution MR Imaging at 3 T
Kataoka et al (32) reported that image contrast
on T2-weighted images in the uterine cervix and
vagina was significantly higher at 3T than at 1.5
T, although there was no significant difference
in the overall image quality or contrast in the
uterine zonal appearance. The increase in signal-
to-noise ratio at 3 T allows high-resolution MR
imaging. Anatomically detailed structures are
visualized on high-resolution MR images, and
this may improve diagnostic accuracies in differ-
ential diagnosis, in detection of small lesions, and
in evaluation of tumor extent for cancer staging.

Atypical MR Imaging

Manifestations of Adenomyosis
Various physiologic or pathologic states may af-
fect the MR imaging appearance of adenomyosis:
amount of functional endometrial tissue, phase of
the menstrual cycle, endogenous hormonal ab-
normality, and exogenous hormonal stimulation
(4-12). Secretory transformation of adenomyotic
endometrium including stromal decidualization
may cause a heterogeneous increase in signal
intensity on T2-weighted images (3,11). This
phenomenon may be encountered during gesta-
tion and exogenous progestational therapy or even
in patients without specific hormonal stimulation
(3,11). Congestion or edematous change may also
increase the signal intensity of adenomyosis dif-
fusely or focally on T2-weighted images (Fig 5).
In such conditions, MR imaging manifestations
may fluctuate, and follow-up MR imaging may
be helpful for diagnosis. Gonadotropin-releasing



RadioGraphics

104 January-February 2011

Figure 5. Adenomyosis with focal edema in a
54-year-old woman. (a) Sagittal T2-weighted fast
spin-echo MR image shows an enlarged uterus
with an ill-defined low-signal-intensity lesion in
the posterior myometrium. The low-signal-inten-
sity lesion contains a focal high-signal-intensity
masslike area (arrow). (b) On a sagittal diffusion-
weighted echo-planar MR image (b = 800 sec/
mm?), the high-signal-intensity masslike area in
a shows no increase in signal intensity (arrow).
(c) On an image from MR spectroscopy, the
high-signal-intensity masslike area in a shows

a low choline peak (Cho) at 3.2 ppm. Biopsy
revealed benign adenomyotic tissue with stromal
edema. The signal intensity of the masslike area
in a decreased on follow-up T2-weighted images
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obtained 3 months later.

hormone analog is used in the treatment of
adenomyosis. After hormonal therapy or meno-
pause, an area of adenomyosis may shrink with
decreased signal intensity on T2-weighted images
(Fig 6) (11).

Diffusion-weighted imaging with ADC mea-
surement may provide another clue for the diag-
nosis, because these conditions (secretory trans-
formation, decidualization, congestion or edema)
usually increase the ADC in tissues. A relatively
high ADC in adenomyotic lesions with high signal
intensity on T2-weighted images may allow dif-
ferentiation from malignant lesions, which have
a low ADC due to their high cellularity (Fig 5)
(15). MR spectroscopy may also provide a clue for
the diagnosis, because these benign adenomyotic
conditions do not show high metabolic activity. A
relatively low choline peak in adenomyotic lesions
may allow differentiation from malignant tumors,
which show a high choline peak due to their high
metabolic activity (Fig 5) (27).

radiographics.rsna.org
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Pitfalls in Diagnosis of Adenomyosis

Physiologic Changes in the

Uterine Body during the Menstrual Cycle
The uterine body may show physiologic changes
during the menstrual cycle. The low-signal-
intensity junctional zone and adenomyosis are
well visualized due to increased signal intensity
of the myometrium in the secretory phase (luteal
phase). Decreased signal intensity of the myome-
trium in the menstrual—early proliferative phase
(follicular phase) may cause widening of the
junctional zone, which mimics diffuse adenomyo-
sis. Therefore, MR imaging for the evaluation of a
uterine myometrial lesion should be performed in
the late proliferative—secretory phase (Fig 7) (31).
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Figure 6. Adenomyosis in a 50-year-old woman before and after hormonal therapy with gonadotropin-
releasing hormone analog. (a) Axial T2-weighted fast spin-echo MR image shows adenomyosis as an ill-
defined heterogeneous low-signal-intensity lesion with linear or reticular high-signal-intensity areas in the
anterior myometrium (arrow). (b) Axial T2-weighted fast spin-echo MR image obtained after hormonal
therapy shows decreased volume and signal intensity of the area of adenomyosis (arrow).

a.

Figure 7. Subserosal adenomyosis-like lesion (invasive solid endometriosis) in a 33-year-old woman
during different phases of the menstrual cycle. (a) Sagittal T2-weighted fast spin-echo MR image ob-
tained in the early proliferative phase shows decreased signal intensity of the myometrium. The bound-
ary between the myometrium and a subserosal adenomyosis-like lesion (arrow) is obscure. (b) Sagittal
T2-weighted fast spin-echo MR image obtained in the late secretory phase shows increased signal inten-
sity of the myometrium. The low-signal-intensity junctional zone and the subserosal adenomyosis-like
lesion (arrow) are clearly visualized.

Benign and Malignant Transient myometrial contraction as a physi-
Mimics of Adenomyosis ologic phenomenon may mimic adenomyosis;
Various benign conditions and malignant tumors this appearance may disappear on subsequent

may mimic adenomyosis: physiologic myometrial
contraction, myometrial involvement by pelvic
endometriosis, low-grade endometrial stromal
sarcoma (LG-ESS), and myometrial metastases
(11,28-31,33,34).
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Figure 8. Physiologic transient myometrial
contraction in a 32-year-old woman. Sagittal
T2-weighted fast spin-echo MR image shows
focal low-signal-intensity bulging of the myo-
metrium (arrow), a finding that mimics adeno-
myosis. This finding disappeared on subsequent

T2-weighted images.

a.

radiographics.rsna.org

Figure 9. Transient myometrial contraction during pregnancy in a 31-year-old woman. (a) Axial T2-
weighted fast spin-echo MR image shows a localized area of low signal intensity (arrow) in the uterus,
a finding that mimics adenomyosis. Because a rapid T2-weighted sequence (eg, half-Fourier acquisition
single-shot turbo spin-echo or single-shot fast spin-echo) was not used, depiction of the embryo-fetus

is poor. (b) Axial susceptibility-weighted gradient-echo MR image shows absence of signal voids (arrow)
within the low-signal-intensity area in a. However, absence of signal voids at susceptibility-weighted imag-
ing should not be considered to exclude adenomyosis. To establish the diagnosis of a contraction, it would
be critical to show resolution of the low-signal-intensity area on subsequent T2-weighted images.

images or at cine MR imaging, whereas focal
adenomyosis persists on subsequent images or at
cine MR imaging (Fig 8) (28-31). In the preg-
nant uterus, myometrium adjacent to the implant
site may show low signal intensity, which reflects
blood supplying a contraction; this finding mim-
ics physiologic contraction or focal adenomyo-
sis (Fig 9) (31). Contractions in the pregnant
uterus are commonly seen and usually do not
present a diagnostic dilemma; however, radiolo-
gists who are not familiar with MR imaging of
pregnant women may misdiagnose the contrac-

tion. Susceptibility-weighted imaging can show
small hemorrhagic foci in adenomyosis as spotty
signal voids and may be helpful in differentiat-
ing adenomyosis from focal contraction (Fig 10)
(14). On the other hand, absence of signal voids
at susceptibility-weighted imaging should not be
considered to exclude adenomyosis.
Adenomyosis is due to benign invasion of
the myometrium by ectopic endometrium and
is a different entity from endometriosis (33).
However, some adenomyosis-like lesions may
be situated in the subserosal region apart from
the junctional zone (Figs 7, 11). These lesions
may be due to myometrial involvement by pelvic
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Figure 10. Adenomyosis in a 46-year-old
woman. (a) Axial T2-weighted fast spin-echo
MR image shows a diffusely enlarged uterus with
low signal intensity. (b) Axial fat-saturated T'1-
weighted spin-echo MR image shows absence of
high-signal-intensity hemorrhagic foci within the
uterus. (c¢) Axial susceptibility-weighted gradient-
echo MR image shows multiple spotty signal
voids (arrows), which are due to hemosiderin
deposits and reflect old hemorrhagic foci.

Figure 11. Subserosal adenomyosis-like lesion
(invasive solid endometriosis) in a 41-year-old
woman. Sagittal T2-weighted fast spin-echo MR
image shows a low-signal-intensity adenomyosis-
like lesion (arrow) situated in the subserosal
region apart from the junctional zone. The lesion
may be due to myometrial involvement by pelvic
endometriosis. The uterus is deformed due to ad-
hesions. EM = endometrioma.

107



RadioGraphics

108 January-February 2011 radiographics.rsna.org

Figure 12. LG-ESS mimicking ad-
enomyosis in a 39-year-old woman.
Sagittal T2-weighted fast spin-echo
MR image shows a low-signal-inten-
sity adenomyosis-like mass (arrow)
in the posterior wall.
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Figure 13. LG-ESS in a 37-year-old woman. (a) Sagittal high-resolution T2-weighted fast spin-
echo MR image obtained at 3T shows a large endometrial-myometrial mass. Characteristic worm-
like low-signal-intensity muscle fibers (arrows) are clearly seen. (b) Image from MR spectroscopy
shows a high choline peak (Cho) at 3.2 ppm, which reflects high cellular proliferating activity, and a
high creatine peak (Cre) at 3 ppm, which is possibly due to residual myometrium.

endometriosis (invasive solid endometriosis); with uterine enlargement, findings that mimic
patients tend to experience severe menstrual pain adenomyosis (11,34). LG-ESS is a rare malignant
due to adhesions (33). mesenchymal tumor affecting young women and
Some primary or secondary malignant tumors usually occurs in the endometrium with extensive
may appear as ill-demarcated myometrial masses myometrial invasion. LG-ESS may occasionally be

situated almost within the myometrium (Fig 12).
Myometrial invasion by LG-ESS is very infiltra-
tive, and preserved low-signal-intensity muscle
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Figure 14. Malignant lymphoma in a 59-year-old
woman. Sagittal T2-weighted fast spin-echo MR im-
age shows a diffusely enlarged uterus (arrow). The
normal zonal architecture is obscure due to diffuse
involvement by malignant lymphoma.

Figure 15. Subserosal polypoid adenomyoma in a
39-year-old woman. Coronal T2-weighted fast spin-
echo MR image shows a huge, exophytic, subserosal
uterine mass (arrow) with heterogeneous signal inten-
sity, an appearance that mimics uterine sarcoma.

bundles within the high-signal-intensity tumor on
T2-weighted images are a characteristic MR imag-
ing finding (34). However, intramyometrial tumor
may simulate adenomyosis, and preoperative
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diagnosis is occasionally difficult (11). High-res-
olution T2-weighted imaging at 3 T is helpful for
diagnosis of LG-ESS by demonstrating preserved
fine muscular fibers within the tumor as worm-
like low-signal-intensity structures (Fig 13). High
signal intensity with decreased ADC at diffusion-
weighted imaging and a high choline peak at MR
spectroscopy are other clues for diagnosis of this
rare malignant tumor (Fig 13) (27). Diffusion-
weighted imaging is also useful in evaluating tu-
mor extension along the vessels, which is another
characteristic of LG-ESS (35).

Secondary myometrial involvement by ma-
lignant tumors may also mimic adenomyosis
(11). In particular, breast cancer, gastric cancer,
and malignant lymphoma may cause diffuse
infiltrative myometrial involvement with uterine
enlargement. Destruction of normal structures
such as the endometrium and junctional zone
on T2-weighted images may suggest the malig-
nant nature of a diffusely enlarged uterus due
to secondary involvement by these tumors (Fig
14). High signal intensity at diffusion-weighted
imaging with decreased ADC and a high choline
peak at MR spectroscopy may also be useful for
diagnosis of malignant uterine involvement (27).

Atypical Morphologic
Appearances of Adenomyosis

Adenomyoma

Adenomyoma is characterized as a solid, mass-
like, localized form of adenomyosis. Adenomy-
oma may appear as an intracavitary or subserosal
polypoid mass or as an intramyometrial mass.
Subserosal polypoid adenomyoma may mimic
subserosal leiomyoma or leiomyosarcoma (Fig
15) (11,36-38). Adenomyomatous polyp, which
is often associated with tamoxifen therapy, is an
endometrial polyp with significant amounts of
smooth muscle and is histologically identical to
polypoid adenomyoma in the uterine cavity (Fig
16) (11,38-40).

Like adenomyosis, adenomyoma may show
heterogeneous signal intensity on T2-weighted
images and may mimic uterine sarcomas. Rela-
tively low signal intensity at diffusion-weighted
imaging with high ADC and a low choline peak
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Figure 16. Adenomyomatous polyp (polypoid adenomyoma) in a 64-year-old woman treated with
tamoxifen. (a) Axial T2-weighted fast spin-echo MR image shows a large polypoid mass (arrow) in the
endometrial cavity. Low-signal-intensity fibrous-muscular components and high-signal-intensity cystic
dilated glands are observed. (b) Axial gadolinium-enhanced T'1-weighted spin-echo MR image shows
intense enhancement of the fibrous-muscular components and no enhancement of the cystic dilated

glands in the mass (arrow).

at MR spectroscopy are suggestive of its benign
nature and allow differentiation of adenomyoma
from sarcomas, which have high signal intensity
at diffusion-weighted imaging with low ADC and
a high choline peak at MR spectroscopy (27).

Adenomyotic Cyst

Adenomyotic cyst (cystic adenomyosis) is a rare
variation of adenomyosis that appears as an
endometrioma-like intramyometrial hemorrhagic
cystic mass surrounded by adenomyotic tissue
(11,41,42). Adenomyotic cyst may appear as an
intracavitary or subserosal polypoid cystic mass
or as an intramyometrial mass (11).

The characteristic appearance is a high-signal-
intensity hemorrhagic cyst on T 1-weighted images
surrounded by a low-signal-intensity cyst wall on
T2-weighted images; the low-signal-intensity cyst
wall corresponds to adenomyotic tissue (Fig 17)
(11,41,42). A subserosal adenomyotic cyst may

Figure 17. Adenomyotic cyst in a 39-year-old
woman. Sagittal T2-weighted fast spin-echo MR
image shows an intramyometrial hemorrhagic cyst
surrounded by a low-signal-intensity area of adeno-
myosis (arrow). M = myoma uteri.
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mimic an ovarian tumor (Fig 18). The finding of
continuity with the myometrium in the form of
the “beak sign” is suggestive of its uterine origin.
Synchronous motion of the cystic mass and uterus
at cine MR imaging is also suggestive of the diag-
nosis of subserosal adenomyotic cyst (31).

Pseudowidening of the Endometrium

On T2-weighted images, the endometrial junc-
tion may be obscured due to high-signal-intensity
linear striations radiating from the endometrium

Figure 18. Adenomyotic cyst in a 46-year-old

woman. (a) Sagittal T2-weighted fast spin-echo
MR image shows a subserosal hemorrhagic cyst
(arrow). M = myoma uteri, U = uterus. (b) Axial
T1-weighted spin-echo MR image shows the
high-signal-intensity hemorrhagic cyst. Clots and
a fibrous scar (arrow) are observed in the cystic
mass. Macroscopic evaluation of the surgical
specimen revealed that the cystic mass was con-
tinuous with the myometrium, a finding sugges-
tive of its uterine origin. (c) Photograph of the cut
surface of the gross specimen shows that the cyst
contains chocolate-like old hemorrhagic material.

to the area of adenomyosis. Occasionally, pseu-
dowidening of the endometrium may occur as a
result of the blending of striations (7,11). This
phenomenon may fluctuate according to the hor-
monal state of the patient.

When endometrial cancer coexists adjacent to
adenomyosis, the pseudowidening phenomenon
may cause overstaging when evaluating the depth
of myometrial invasion. Diffusion-weighted imag-
ing may be helpful in achieving correct staging
(Fig 19) (17).
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Figure 19. Adenomyosis with coexisting endometrial cancer in a 53-year-old woman. (a) Sagittal T2-
weighted fast spin-echo MR image shows a uterus with adenomyosis and endometrial thickening. Stri-
ated high-signal-intensity areas cause pseudowidening of the endometrium (arrow), an appearance that
simulates myometrial invasion by endometrial carcinoma. (b) Sagittal diffusion-weighted echo-planar
MR image (b = 800 sec/mm?) shows the high-signal-intensity tumor margin clearly. There is no obvious

myometrial invasion (arrow).

Coexisting Endometrial Can-
cer or Malignant Transformation

Coexisting Endometrial Cancer

Because adenomyosis may show heterogeneous
signal intensity on T2-weighted images and
gadolinium-enhanced T1-weighted images, the
boundaries between an endometrial cancer and
adjacent adenomyosis may be obscure. This phe-
nomenon may cause staging errors when evalu-
ating the depth of myometrial invasion (11,16).
Diffusion-weighted imaging can demonstrate the
tumor margins clearly and may improve the accu-
racy of staging (Fig 20) (17).

Malignant Transfor-

mation of Adenomyotic Lesions

Malignant transformation of adenomyosis is

quite rare and may manifest as a predominantly
intramyometrial mass (Fig 21) (11). Imaging
findings of an adenomyotic cyst with malignant
transformation are similar to those of an endome-
trial cyst with malignant transformation.

Diffusion-weighted imaging can demonstrate
the malignant foci as areas of high signal inten-
sity. High-signal-intensity hemorrhagic fluid in
the adenomyotic cyst on T1-weighted images
may mask the enhancement of malignant mural
nodules; therefore, contrast-enhanced subtraction
imaging may be useful for detection of malignant
transformation (43).

Summary
On T2-weighted images, typical adenomyosis
appears as an ill-demarcated low-signal-intensity
lesion with uterine enlargement. However, various
physiologic or pathologic states such as amount of
functional endometrial tissue, phase of the men-
strual cycle, endogenous hormonal abnormality,
and exogenous hormonal stimulation may affect
the MR imaging appearance of adenomyosis and
may result in a tumorlike appearance. Recogni-
tion of the various MR imaging manifestations of
adenomyosis and accurate diagnosis of this condi-
tion are important for appropriate management
and can be achieved by using problem-solving
MR imaging techniques: diffusion-weighted imag-
ing, susceptibility-weighted imaging, MR spec-
troscopy, cine MR imaging, and high-resolution
MR imaging at 3T.



RadioGraphics

RG ¢ Volume 31 Number 1 Takeuchi and Matsuzaki

a.

Figure 20. Adenomyosis with coexisting endometrial cancer in a 49-year-old woman. (a) Sagittal gado-
linium-enhanced fat-suppressed T'1-weighted spin-echo MR image shows a weakly enhancing endometrial
mass (arrowhead). An adjacent area of adenomyosis demonstrates heterogeneous weak enhancement (ar-
rows). The tumor margin is unclear, which may result in overestimation of myometrial invasion. (b) Sagit-
tal diffusion-weighted echo-planar MR image (b = 800 sec/mm?) shows the high-signal-intensity tumor
margin clearly. There is no obvious myometrial invasion (arrow).

a. b

Figure 21. Malignant transformation of adeno-
myosis in a 72-year-old woman. (a) Sagittal T2-
weighted fast spin-echo MR image shows an
enlarged uterus with adenomyosis. There is an
area of ill-defined high signal intensity (arrow)
in the posterior myometrium. (b) On a sagittal
gadolinium-enhanced fat-suppressed T'1-weighted
spin-echo MR image, the area of ill-defined
high signal intensity in a appears as ill-defined
weakly enhancing areas (arrow). (¢) On an axial
diffusion-weighted echo-planar MR image (b =
800 sec/mm?), the area of ill-defined high signal
intensity in a also appears as an ill-defined high-
signal-intensity area (arrow). The diagnosis of en-
dometrioid carcinoma arising from adenomyosis
was histologically confirmed.
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Relatively high ADC at diffusion-weighted

imaging and a low choline peak at MR spec-
troscopy are suggestive of benign adenomyotic
lesions. Small hemorrhagic foci suggestive of an
adenomyotic lesion are well demonstrated as sig-
nal voids at susceptibility-weighted imaging. Cine
MR imaging is useful in differentiating transient
myometrial contraction from focal adenomyo-
sis. High-resolution MR imaging at 3 T shows
anatomically detailed structures and may improve
diagnostic accuracy in differentiating adenomyo-
sis from its mimics.
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Page 101
Susceptibility-weighted imaging is sensitive for old hemorrhagic foci, which appear as spotty signal voids
owing to the T2*-shortening effects of hemosiderin (13,14).

Page 104 (Figure 5 on page 104)

Diffusion-weighted imaging with ADC measurement may provide another clue for the diagnosis, because
these conditions (secretory transformation, decidualization, congestion or edema) usually increase the
ADC in tissues. A relatively high ADC in adenomyotic lesions with high signal intensity on T2-weighted
images may allow differentiation from malignant lesions, which have a low ADC due to their high cel-
lularity (Fig 5) (15).

Page 104 (Figure 5 on page 104)
A relatively low choline peak in adenomyotic lesions may allow differentiation from malignant tumors,
which show a high choline peak due to their high metabolic activity (Fig 5) (27).

Page 104 (Figure 7 on page 105)
Therefore, MR imaging for the evaluation of a uterine myometrial lesion should be performed in the late
proliferative—secretory phase (Fig 7) (31).

Page 105

Various benign conditions and malignant tumors may mimic adenomyosis: physiologic myometrial
contraction, myometrial involvement by pelvic endometriosis, low-grade endometrial stromal sarcoma
(LG-ESS), and myometrial metastases (11,28-31,33,34).



