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Endometriosis, which is defined as the presence of ectopic endome-
trial glands and stroma outside the uterus, is a common cause of pel-
vic pain and infertility, affecting as many as 10% of premenopausal
women. Because its effects may be devastating, radiologists should be
familiar with the various imaging manifestations of the disease, espe-
cially those that allow its differentiation from other pelvic lesions. The
“pearls” offered here are observations culled from the authors’ experi-
ence with the use of magnetic resonance (MR) imaging for the detec-
tion and characterization of pelvic endometriosis. First, the inclusion
of T1-weighted fat-suppressed sequences is recommended for all MR
examinations of the female pelvis because such sequences facilitate the
detection of small endometriomas and aid in their differentiation from
mature cystic teratomas. Second, it must be remembered that benign
endometriomas, like many pelvic malignancies, may exhibit restricted
diffusion. Although women with endometriosis are at risk for develop-
ing clear cell and endometrioid epithelial ovarian cancers (ie, endome-
triosis-associated ovarian cancers), imaging findings such as enhancing
mural nodules should be confirmed before a diagnosis of ovarian ma-
lignancy is offered. The presence of a dilated fallopian tube, especially
one containing hemorrhagic content, is often associated with pelvic
endometriosis. Deep (solid infiltrating) endometriosis can involve the
pelvic ligaments, anterior rectosigmoid colon, bladder, uterus, and
cul-de-sac, as well as surgical scars; the lesions often have poorly de-
fined margins and T2 signal hypointensity as a result of fibrosis. The
presence of subcentimeter foci with T2 hyperintensity representing ec-
topic endometrial glands within these infiltrating fibrotic masses may
help establish the diagnosis.
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Introduction
Endometriosis is defined as the presence of endo-
metrial tissue outside the uterus. This condition
manifests in as many as 10% of women of repro-
ductive age (1). Sampson (2) initially hypothe-
sized that retrograde menstruation was the cause
of endometriosis. However, the pathogenesis of
endometriosis is complex and still debated (3).
Retrograde menstruation is neither sufficient nor
necessary for the development of endometriosis.
Two other theories postulate that endometriosis
develops from the metaplasia of pelvic peritoneal
tissue and from the transformation of circulating
stem cells (3). Several steps are required for the
development of endometriosis (3). First, endo-
metrial glands and stroma must migrate beyond
the uterus. Second, the ectopic endometrial cells
must attach to the peritoneum, extend into the
mesothelium, and grow.

The reference standard for the diagnosis of
pelvic endometriosis is laparoscopic biopsy of
lesions with a suspicious appearance, followed
by histologic confirmation (4). There are three
forms of pelvic endometriosis (5,6). The first
form is superficial peritoneal lesions, or non-
invasive implants, which are well recognized at
laparoscopy; these have been described as black,
white, or red, depending on the degree of fibrosis,
scarring, and hemorrhage within the lesion (7).
Small nonhemorrhagic foci of superficial endo-
metriosis are often not detectable with magnetic
resonance (MR) imaging (8,9). The second form
of pelvic endometriosis is ovarian endometrioma.
The third form is deep (or solid infiltrating)
pelvic endometriosis, which is defined by the
invasion of endometrial glands and stroma at
least 5 mm beneath the peritoneal surface. Of
the three forms, deep pelvic endometriosis is
thought to contribute most often to female pelvic
pain and infertility, the two major manifestations
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of endometriosis (6,10,11). Infertility is treated
surgically (ie, removal of ovarian endometriomas
and deep pelvic endometriosis and lysis of adhe-
sions), with medical therapy, and with assisted
reproduction techniques (10,11). Pain associated
with endometriosis is initially treated with anti-
inflammatory agents and hormonal therapy (11).
Depending on a woman’s symptoms and desire
to preserve fertility, surgical procedures may also
be performed (1).

The article describes MR imaging appearances
that may be helpful for differentiating endometri-
omas and deep pelvic endometriosis from other
causes of pelvic pain and infertility in women.
Instead of attempting a comprehensive review of
MR imaging techniques and features, the authors
offer 10 observations, or “pearls,” based on their
experience in the detection and characterization
of pelvic endometriosis. This approach is de-
signed to complement the coverage provided in
previous RadioGraphics articles about MR imag-
ing of endometriosis (12—-20).

Pearl 1: Multiple T1-
Hyperintense Adnexal Cysts

Are Specific for Endometriomas
In 1991, Togashi and colleagues (21) showed
that findings of an adnexal mass with high signal
intensity on T'1-weighted MR images and signal
intensity lower than that of simple fluid on T2-
weighted images helped establish a diagnosis of
endometrioma with specificity greater than 90%
(Fig 1). In addition to endometrioma, the main
differential diagnoses of an adnexal lesion with
high signal intensity on T'1-weighted images in-
clude hemorrhagic functional ovarian cyst and
mature cystic teratoma. In 1993, Outwater et al
(9) compared the MR imaging features of endo-
metriomas and hemorrhagic cysts and concluded
that endometriomas tended to have higher T'1
and lower T2 signal intensities than hemorrhagic
cysts. The greater degree of T1 and T2 shortening

Figure 1.

Left ovarian endometriomas, bilateral hematosalpinges, and fibrotic solid invasive endometriosis in the

>

posterior uterus of a 47-year-old woman with severe pelvic pain. (a) Axial T1-weighted in-phase gradient-echo MR
image shows two foci of high signal intensity in the left ovary (arrow) and multiple foci of high signal intensity in the
left anterior and midline posterior pelvis (arrowheads). (b) Axial opposed-phase T1-weighted fat-suppressed gradient-
echo MR image shows persistent high signal intensity in all three regions, a finding that helps exclude the presence of a
fat-containing mature cystic teratoma. The improved dynamic range achieved with fat suppression facilitates visualiza-
tion of a subcentimeter endometrioma of the anterior left ovary (arrow). (c) Axial T2-weighted fast spin-echo MR
image shows low signal intensity within the left ovarian endometriomas (solid arrow) and lesser degrees of T2 signal
hypointensity within the dependent portions of the loculi in the left anterior and midline posterior pelvis (arrowheads).
The posterior uterus is markedly thickened with low-signal-intensity soft tissue (F) containing scattered 2—4-mm
foci of high signal intensity (open arrows). Although the tissue has the appearance of adenomyosis, it is separated
from the posterior junctional zone (72).These findings are suggestive of fibrotic endometriosis. (d, €) Sagittal (d) and
coronal fat-suppressed (e) T2-weighted MR images show dilatation of the right and left fallopian tubes, respectively
(arrows). In d, extension of fibrotic endometriosis () into the posterior uterus is seen. The patient later underwent
hysterectomy and bilateral salpingo-oophorectomy, at which the MR imaging findings were confirmed.
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in endometriomas is attributable to their higher
protein concentration and viscosity. The lower T2
signal intensity of endometriomas compared with
that of functional, or simple, ovarian cysts has
been described as “T2 shading” (22). Bilaterality
and multifocality of adnexal lesions, along with
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the other characteristics discussed and illustrated
in the following sections, can help help establish
a diagnosis of endometrioma with even greater
specificity than T'1 signal hyperintensity alone.
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Figure 2. Right ovarian endometrioma in a 35-year-old woman that might have been misinterpreted as
a mature cystic teratoma with reliance on short inversion time inversion-recovery (STIR) imaging alone
to detect intralesional fat. (a) Axial T'1-weighted spin-echo MR image shows a high-signal-intensity mass
(arrow) within the right adnexa. (b) Coronal STIR MR image shows that the mass (arrow) has low signal
intensity similar to that of suppressed fat. (c) Axial fat-suppressed gradient-echo MR image shows high
signal intensity of the mass (arrow), a finding that helps confirm that it is not composed of fat. The low
signal intensity of the mass on the STIR image could be secondary to either T1- or T2-shortening effects
but cannot be considered indicative of fat content. To avoid this pitfall of STIR MR imaging of the female
pelvis, MR systems capable of performing chemical-shift fat suppression should be used.

Pearl 2: Female
Pelvis MR Imaging
Protocols Should Include T1-
weighted Fat-suppressed Sequences
Although T'1-weighted fat-suppressed imaging
was not performed in the landmark studies by

Outwater et al (9) and Togashi et al (21), we rec-
ommend that all MR imaging examinations of the
female pelvis include a T'1-weighted fat-suppressed
sequence for two reasons: First, the loss of signal
intensity within a T'1-hyperintense adnexal mass at
fat-suppressed imaging facilitates characterization
of the mass as a mature cystic teratoma (23-27).
Second, saturation of the high signal intensity of
fat improves the dynamic range of T'1-weighted
images by enhancing the differences among non—
fat-containing T'1-hyperintense structures, thereby
enabling more sensitive detection of smaller endo-
metriomas (Figs 1b, 2¢, 3b).

Teaching
Point
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Figure 3. Bilateral endometriomas, solid endometriosis of the posterior uterus, and left-sided peritoneal inclusion
cyst in a 43-year-old woman. (a, b) Axial T'1-weighted in-phase (a) and fat-suppressed opposed-phase (b) gradient-
echo MR images show bilateral hyperintense adnexal lesions (arrows) that retain high signal intensity with fat sup-
pression. A peritoneal inclusion cyst () is also shown posterior to the uterus (U). Susceptibility artifacts anterior to
the rectus muscles (arrowheads in a) indicate that the patient has undergone a previous surgical procedure. (c) Axial
T2-weighted MR image shows shading within the bilateral endometriomas (straight arrows). The normal endometrial
complex and junctional zone are shown in the anterior uterus (arrowheads). The posterior uterus is markedly enlarged
by poorly marginated soft tissue (E) with low T2 signal intensity and scattered internal 1-2-mm foci of higher signal
intensity (curved arrow) representing infiltration of solid endometriosis into the uterine wall. Loculated fluid posterior
to the left ovary represents the peritoneal inclusion cyst ().

the loss of T'1 signal hyperintensity on STIR im-
ages is not a finding specific to fat; hemorrhagic
ovarian cysts and endometriomas can have T'1

Pearl 3: Low Sig-
nal Intensity of Adnexal
Masses on STIR MR Images Is Not

Specific for Mature Cystic Teratoma
and Does Not Exclude Endometrioma
Frequency-selective fat suppression cannot be per-
formed with some low-field-strength MR imaging
systems that lack enhanced gradients (28). These
systems can eliminate the signal intensity from fat
only with the use of STIR techniques. It is worth
repeating the admonition of Krinsky et al (29) that

relaxation times similar to that of fat (ie, they can
show “suppressed” signal intensity) and thus may
mimic mature cystic teratomas at STIR imaging
(Fig 2b). Use of an MR imaging system capable
of chemically selective T'1-weighted fat-suppressed
imaging will prevent the occurrence of this pitfall.
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Pearl 4: Benign Endometri-

omas Show Restricted Diffusion
Diffusion-weighted imaging with quantitative as-
sessment of apparent diffusion coefficient (ADC)
values has been incorporated into pelvic MR
imaging protocols (30). The reader is referred to
previous RadioGraphics articles for reviews of the
principles of diffusion-weighted imaging and ADC
calculation and their application at imaging of the
female pelvis (31,32). The presence of restricted
diffusion and low ADC values within an adnexal
lesion does not have a high positive predictive
value or specificity for the diagnosis of malignancy.
Benign hemorrhagic ovarian cysts (33), endome-
triomas, and solid endometrial implants (34), as
well as benign mature cystic teratomas (35), also
demonstrate restricted diffusion (Fig 4). Endo-
metriomas have low ADC values in part because
of “T2 blackout effects” (36,37). On a diffusion-
weighted image obtained with a low & value (which
is a type of T2-weighted fat-suppressed image), an
endometrioma exhibits low signal intensity resem-
bling the T2 shading discussed in the section on
“Pearl 1.” Thus, endometriomas have less signal
intensity to lose on images obtained with higher &
values than adnexal masses with higher T2 signal
intensity do. Because the ADC value is based on
the slope of the signal intensity loss between acqui-
sitions at low b values and those at higher b values,
endometriomas often have low ADC values. In a
study evaluating both endometriomas and solid
endometrial implants, Busard and colleagues (34)
showed a significant correlation between the T2
signal intensity ratio (ie, the signal intensity of the
endometriomas or implants divided by the signal
intensity of muscle) and the ADC value.

Pearl 5: Hemato-
salpinx Should Be Considered
Specific for Pelvic Endometriosis
The most common cause of a dilated fallopian
tube encountered at pelvic imaging is pelvic
inflammatory disease (18,20). In acute pelvic
inflammatory disease, a dilated fallopian tube is
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usually a pyosalpinx. In the chronic form of the
disease, a hydrosalpinx develops secondary to
adhesions and scarring. Dilated fallopian tubes
secondary to pelvic inflammatory disease do not
exhibit T1 shortening at MR imaging (38). En-
dometriosis is another frequent cause of dilated
fallopian tubes, with 30% of women with the
disease demonstrating tubal involvement at lapa-
roscopy (20,39). The presence of T'1-weighted
hyperintensity within a dilated fallopian tube is
suggestive of endometriosis (Fig 1) and may be
the only finding at MR imaging in some women
(38). In women with endometriosis and a dilated
fallopian tube, approximately 40% of the tubes
had T'1-hyperintense contents, whereas 60% had
imaging features suggestive of a simple hydrosal-
pinx (38). Low T2 signal intensity (T2 shading)
(Fig 1c—le) is not often present within a hemato-
salpinx that occurs in association with endome-
triosis (38,40). T2 shading may be absent in these
cases because women with endometriosis develop
dilated fallopian tubes secondary to endometrial
implants on the serosal surface of the tubes, as
opposed to implants within the tubes (20). Re-
current hemorrhage within the serosal implants
presumably leads to the formation of peritubal
adhesions and subsequent tubal obstruction.

Pearl 6: Obstruction of
Antegrade Menstrual Flow
Increases the Risk for Endometriosis
Although most women have reflux menstruation,

only 5%—-10% of them develop endometriosis
(6,10). However, a subset of women with miil-
lerian duct anomalies that cause obstruction of
antegrade menstruation are considered to have
an increased risk for endometriosis (6,40—-42).
This subset includes women who have a unicor-
nuate uterus with a noncommunicating rudimen-
tary horn or uterus didelphys with a transverse
vaginal septum. MR imaging is an ideal modality
for evaluating primary amenorrhea in girls (43)
as well as suspected uterine anomalies in women
(44,45). If there is an obstruction, MR imaging
can be used to localize it, determine which seg-
ments of the reproductive tract are distended
with blood, and determine whether endometrio-
mas and other manifestations of endometriosis
are present (Fig 5).

Teaching
Point
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e. f.
Figure 4. Endometrioma of the left ovary in a 33-year-old woman. (a, b) Axial T'1-weighted in-phase (a)

and opposed-phase fat-suppressed (b) gradient-echo MR images show a T'1-hyperintense left ovarian le-
sion, a feature suggestive of endometrioma. (c) Axial T2-weighted MR image shows lower signal intensity
in the endometrioma than in the adjacent normal ovarian follicles (arrows). (d, e€) Diffusion-weighted MR
images obtained with b values of 50 (d) and 800 (e) sec/mm? show low to intermediate signal intensity
in both the endometrioma and the normal follicles. (f) ADC map from diffusion-weighted MR imaging
shows restricted diffusion in the endometrioma relative to that in the adjacent ovarian follicles.
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Figure 5. Hematometrocolpos, hematosalpinx, and endometriomas in a 15-year-old girl with an obstructing trans-
verse vaginal septum. (a) Coronal T2-weighted fat-suppressed MR image shows dilatation of the endometrium (E),
endocervix (C), and proximal vagina (1) due to a transverse vaginal septum (not shown). (b, ¢) Axial T'1-weighted fat-
suppressed (b) and T2-weighted fast spin-echo (¢) MR images obtained at the level of the uterus show the distended
vaginal canal (1)) and segments of a dilated right fallopian tube (arrow). These structures have similar high T'1 signal
intensity and intermediate T2 signal intensity. (d) Axial T1-weighted fat-suppressed MR image obtained at the level
of the right ovary shows multiple subcentimeter high-signal-intensity endometriomas (arrows), findings confirmed at

resection of the vaginal septum.

Pearl 7: Decidualized Endo-
metriosis May Mimic Ovarian

Malignancy in Pregnant Women
During pregnancy, increased progesterone levels
promote hypertrophy of the endometrial stromal
cells and formation of the vascular decidual lining
of the uterus. Endometrial stromal cells within
endometriomas may also respond to the hor-
monal changes of pregnancy by forming vascular

mural nodules. Decidualized endometriosis has
been described as a mimic of ovarian cancer at
ultrasonography (US) and MR imaging (46-50).
An MR imaging feature that may be specific

for decidualized endometriosis is the T2 signal
hyperintensity of the mural nodules, which are
isointense relative to the thickened decidualized
endometrium (Fig 6). Decidualized endometrio-
sis can be managed conservatively and surgical
procedures avoided. After childbirth or termina-
tion of a pregnancy, decidualized endometriosis
has been reported to either resolve or regress to
uncomplicated endometriomas (51,52).

Teaching
Point
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Figure 6. Decidualized endometriosis in a 36-year-old woman in the 12th week of pregnancy. (a, b) Sagittal
T2-weighted fast spin-echo MR images show an intrauterine gestational sac, a focal contraction (C) of the posterior
myometrium, and an anterior placenta (P). The bilobed low-signal-intensity mass above the uterus represents an endo-
metrioma (E). Mural nodules with higher signal intensity within the endometrioma (arrows in b) represent decidualized
endometriosis. (¢, d) Axial T1-weighted fat-suppressed (c¢) and T2-weighted fast spin-echo (d) MR images show the
typical signal intensity of an endometrioma, with T'1 hyperintensity and T2 shading, and the higher T2 signal intensity

of decidualized endometriosis (arrow in d).

Pearl 8: Endometriomas Can
Transform into Clear Cell or Endo-
metrioid Epithelial Ovarian Carcinomas
Women with endometriosis are at risk for devel-
oping both clear cell and endometrioid subtypes
of epithelial ovarian cancer (53). An estimated

2.5% of women with endometriosis develop
ovarian cancer. Women with endometriosis-as-

sociated ovarian cancer have a better prognosis
than woman with ovarian cancer but no endo-
metriosis, because women in the former group
tend to develop lower grade tumors that mani-
fest at an earlier stage (54,55). Endometriosis

is one of several benign causes of an abnormal
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CA-125 level (56); thus, an elevated biomarker
value in isolation is not specific for endometri-
osis-associated ovarian cancer. In contrast, the
human epididymal secretory protein E4 level is
elevated in women with either endometriosis-as-
sociated or conventional ovarian cancer, but not
in women with benign endometriosis (57,58).

MR imaging features that are suggestive of
malignant endometriomas have been described
elsewhere (15,40,59,60). Those features include
increases in the size and T2-weighted signal in-
tensity of an endometrioma (Fig 7a). A more
specific finding of malignant transformation of an
endometrioma is the development of enhancing
mural nodules (Fig 7b-7f).

Pearl 9: Solid Fibrotic
Masses of Endometriosis Are

Common and Easily Overlooked
Although most endometriomas are easily recog-
nized on the basis of their T'1 hyperintensity, solid
masses of endometriosis can easily be overlooked.
Part of the challenge in their recognition is due
to the fact that solid endometriosis has low T2
signal intensity and may be located adjacent to
normal T2-hypointense structures (62). Solid
endometriosis, which also is referred to as deep
pelvic endometriosis (12) or deeply infiltrative
endometriosis (5,17), is defined by the extension
of endometrial glands and stroma at least 5 mm
beneath the peritoneal surface (5,63). Unlike
endometriomas, which contain viscous protein-
aceous and hemorrhagic contents, solid masses
of endometriosis are composed of ectopic endo-
metrial gland and stromal cells embedded within
dense fibrous tissue and smooth muscle. The typ-
ical appearance of solid endometriosis can be ap-
preciated by looking at adenomyosis, also known
as endometriosis interna. At MR imaging, uterine
adenomyosis appears as poorly marginated tissue
with low T2 signal intensity and variable internal
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1-4-mm foci with high T2 signal intensity (64).
The former represents hypertrophied smooth
muscle and fibrous tissue, and the latter represent
ectopic endometrial glands. Visualization of the
ectopic endometrial glands varies, depending on
their location and the patient’s immune response.
Unlike ovarian endometriomas, fibrotic masses
are less likely to contain high T'1 signal intensity,
perhaps because surrounding fibrosis and smooth
muscle hypertrophy minimize cyclical bleeding
within the ectopic endometrial glands.

Coutinho and colleagues (12) divided the
anatomic locations of solid endometriosis lesions
into anterior, middle, and posterior compart-
ments of the pelvis, placing the anterior recto-
sigmoid colon and the uterosacral ligaments in
the posterior compartment and the round liga-
ments and bladder in the anterior compartment.
Women with a uterus in anteflexion are more
likely to develop solid endometriosis of the ante-
rior compartment, whereas those with a uterus in
retroflexion are more likely to develop posterior
compartment endometriosis (65). These findings
support the hypothesis advanced by Sampson
(2), that retrograde menstruation contributes to
the early pathogenesis of endometriosis.

The next five sections describe common loca-
tions of solid endometriosis in the anterior and
posterior compartments of the pelvis.

Uterosacral Ligaments

The uterosacral ligaments are considered the
most common location of solid endometriosis
(63). Affected women may present with pelvic
pain, including dyspareunia. Routine MR im-
aging has a reported sensitivity of 69% and a
specificity of more than 90% for the diagnosis of
uterosacral ligament endometriosis (66); in one
study, it was more accurate than either endo-
vaginal US or endorectal US (67) (Fig 8). When
women undergo MR imaging for suspected deep
pelvic endometriosis, some investigators advocate
distention of the vagina, rectum, or both with
sterile gel to obtain better definition of the poste-
rior cul-de-sac, the anterior rectosigmoid colon,
and the uterosacral ligaments (12,17,68-70).
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Figure 7. Endometrioid cystadenocarcinoma of the left ovary in a 51-year-old woman with long-standing endome-
triosis. (a) Axial T2-weighted MR image shows a cystic pelvic mass that also contains solid soft tissue (arrow). The
signal of the cystic component was slightly hypointense to that of the bladder (not shown). (b, ¢) Axial T'1-weighted
fat-suppressed gradient-echo MR images obtained before (b) and after (c) the administration of a gadolinium-based
contrast material show that the cystic component has T1 hyperintensity, a finding suggestive of proteinaceous or hem-
orrhagic content. The signal intensity of the solid component of the mass, relative to that of the cystic portion, is lower
in b and higher in ¢. (d) MR image obtained by subtracting the unenhanced image dataset from the contrast-enhanced
image dataset facilitates the detection of enhancing tissue (arrow) by increasing the dynamic range (61) and eliminating
the high signal intensity of nonenhancing hemorrhagic and proteinaceous tissue. (e, f) Unenhanced T1-weighted fat-
suppressed (e) and gadolinium-enhanced subtraction (f) MR images obtained at a lower level show additional enhanc-
ing nodular components (arrows in f) in the tumor. A 1-cm right ovarian endometrioma (arrow in e) is also seen.
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Figure 8. Solid fibrotic thickening of the uterosacral ligament in a 40-year-old woman with endometriosis
and pelvic pain. (a) Axial T2-weighted MR image shows low-signal-intensity, masslike thickening of the
proximal right uterosacral ligament (arrows). The normal-appearing sacral portion of the ligament (arrow-
heads) is also depicted. (b) Sagittal T2-weighted MR image shows bandlike fibrotic adhesions above the
ligament (arrows) and shading within the superior right ovarian endometriomas (arrowheads).

|

a. b.

Figure 9. Solid invasive endometriosis of the rectosigmoid colon in a 40-year-old woman. (a) Lateral
image from a double-contrast barium examination shows circumferential narrowing of the rectosigmoid

colon, with mass effect, spiculation, and pleating of the anterior margin (arrow). (b) Sagittal T2-weighted
fast spin-echo MR image shows extraluminal findings suggestive of solid invasive endometriosis. The
mushroom cap sign represents the low-signal-intensity core of fibrotic endometriosis and hypertrophic
muscularis propria () capped by high-signal-intensity mucosa (straight arrows). Invasion of the serosal
surface of the uterus and obliteration of the cul-de-sac (arrowheads) are seen, with high-signal-intensity
1-3-mm foci (curved arrow) representing ectopic endometrial glands.

Anterior Rectosigmoid Colon

The rectosigmoid colon is the intestinal seg-
ment most commonly involved in endometriosis.
Women with symptoms specific for rectosigmoid
involvement often benefit from resection of
serosa-based lesions (71). When there is deep
invasion of the muscularis propria, complete
surgical resection of the affected bowel segment

may be performed (72). At surgical resection,
most endometrial lesions that have penetrated
the muscularis propria and invaded the submu-
cosa are found to involve at least 40% of the
circumference of the rectal wall (73). The MR
imaging features of solid rectosigmoid endo-
metriosis have been well described and include
a “mushroom cap” sign, which is considered a
specific finding of solid invasive endometriosis
of the rectosigmoid colon on T2-weighted MR
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Figure 10. Solid endometriosis of the bladder and right round ligament in a 40-year-old woman. (a, b) Sagittal (a)
and axial (b) T2-weighted MR images show a poorly marginated, low-signal-intensity mass (arrowheads) in the right
posterior bladder wall that extends posteriorly, obliterating the vesicouterine pouch. Intralesional 1-4-mm high-signal-
intensity foci (arrows in a) represent ectopic endometrial glands. The right round ligament is thickened (arrows in b)
as it courses inferiorly toward the canal of Nuck. (¢, d) Axial T'1-weighted gradient-echo fat-suppressed MR images
obtained before (c¢) and after (d) the administration of a gadolinium-based contrast material show T1 hyperintensity
in some of the endometrial glands within the posterior bladder lesion (arrow in ¢) and solid enhancement of both the
bladder mass (arrowheads in d) and the thickened round ligament (arrow in d).

images (74). The low-signal-intensity base of
the mushroom is attributed to hypertrophy and
fibrosis of the muscularis propria, whereas the
high-signal-intensity cap represents the mucosa
and submucosa, which are displaced into the
bowel lumen (Fig 9).

Bladder

When endometriosis involves the urinary tract,
the bladder (especially the posterior wall) is fre-
quently affected. In one case series involving 20
women who underwent surgical resection of blad-

der endometriosis, 19 had disease of the posterior
bladder wall with direct extension that either par-
tially or completely obliterated the vesicouterine
pouch (also known as the anterior cul-de-sac)
(75) (Fig 10). Patients with endometriosis involv-
ing the bladder usually present with nonspecific
symptoms such as dysuria. Cyclical hematuria is
less common and, when present, is suggestive of
extension of endometriosis through the detrusor
muscle, with mucosal involvement (76). At MR
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imaging, solid endometriosis of the bladder ap-
pears similar to other solid endometriotic masses
described in this article, specifically, as poorly
defined infiltrative or nodular lesions with low T2
signal intensity, centered within the vesicouterine
pouch, and including internal foci with variable T'1
and high T2 signal intensity representing ectopic
glandular tissue (12,77).

Round Ligaments

Women with symptomatic deep endometriosis of
the round ligament usually present when there

is involvement of the distal ligament in the canal
of Nuck. A painful inguinal mass, with or with-
out menstrual cycle-related variations in size or
severity of symptoms, is the typical clinical mani-
festation (78-82). Reports concerning specific
symptoms associated with endometriosis of the
central, intrapelvic part of the round ligament
are limited. In a study of 174 women who under-
went laparoscopy for treatment of solid invasive
endometriosis, the prevalence of disease in the
intrapelvic segment of the round ligament was
15% (83). Similar to solid endometriosis located
elsewhere, a mass involving the round ligament is
depicted as T2-hypointense thickening or nodu-
larity with enhancement on contrast-enhanced
T1-weighted MR images (Fig 10). Endometriosis
reportedly affects the right round ligament more
commonly than the left; one hypothesis offered to
explain this difference is that the presence of the
sigmoid colon prevents retrograde implantation
of endometrial glands and stroma onto the left-
sided ligament (76).

Endometrial Implants in Scars

from Cesarean Section and Laparoscopy
Women may present with palpable masses within
laparoscopy incisions or cesarean delivery scars.
Symptoms may vary with postpartum menstrual
cycles (84).The occurrence of solid endome-
triosis in these locations is hypothesized to be
independent of retrograde menstruation. Direct
implantation of endometrial glands and stroma
during cesarean delivery or a laparoscopic pro-
cedure (typically a myomectomy) is thought to
be the cause. In one surgical case series involving
40 women with solid endometriosis of the ab-
dominal wall, the presence of endometriosis was
known preoperatively in fewer than half of the
women (85). At MR imaging, these masses ap-
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pear similar to solid endometriosis at other sites
(76,86,87). Detection of ectopic endometrial
glands should help establish the diagnosis of solid
endometriosis and exclude the diagnosis of a
desmoid tumor (87), a lesion that is often consid-
ered in the differential diagnosis of symptomatic
abdominal wall masses in premenopausal women
who have undergone cesarean delivery or another
abdominal surgical procedure.

Pearl 10: Solid
Invasive Endometriosis of
the Posterior Uterus Can Mimic

Posterior Segmental Adenomyosis
One of the most commonly encountered loca-
tions of solid invasive endometriosis is the rec-
touterine pouch, or posterior cul-de-sac. Solid
endometriosis in this site often extends to or
invades the posterior myometrium (Figs 1, 3).
Solid invasive endometriosis in this location has
been labeled “focal intramyometrial adenomyo-
sis” (40) and “subserosal adenomyosis-like le-
sion” (88).We prefer the term solid invasive endo-
metriosis or deep infiltrative endometriosis of the pos-
terior uterus. Adenomyosis is not simply defined
by the presence of ectopic endometrial glands
and stroma outside the endometrial complex and
inside the uterus; it arises from abnormalities of
the interface between the endometrium and the
subjacent myometrium (89,90). Thus, adeno-
myosis is an “inside-out” process. Solid implants
of endometriosis that extend into the posterior
myometrium appear similar to adenomyosis when
viewed in isolation at imaging. However, solid in-
vasive endometriosis that involves the uterus is an
“outside-in” process that often spares the uterine
junctional zone, and it should not be misclassified
as adenomyosis.

Summary
Endometriosis is a common condition with ma-
jor and often devastating consequences to the
patient. Laparoscopy, which allows visualization
only of superficial endometriosis, is comple-
mented by pelvic MR imaging performed with
T'1 weighting and fat suppression to provide a
comprehensive evaluation of disease extension.
The 10 pearls of MR imaging of endometriosis
that are described and illustrated in this article
will help radiologists detect endometriomas,
dilated fallopian tubes containing either simple
fluid or hemorrhagic content, thickened round
and uterosacral ligaments, and solid masses of
infiltrating endometriosis located in the posterior
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bladder, posterior uterus, anterior rectosigmoid
colon, and surgical scars. These pearls address
appropriate MR imaging techniques to differenti-
ate endometriomas from mature cystic teratomas
and to indicate when malignant degeneration
should be considered. Suggestions for improving
the detection of solid endometriosis throughout
the pelvis, in cesarean delivery scars, and within
the uterus are also offered.
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Page 1678

[W]e recommend that all MR imaging examinations of the female pelvis include a T'1-weighted fat-
suppressed sequence for two reasons: First, the loss of signal intensity within a T 1-hyperintense adnexal
mass at fat-suppressed imaging facilitates characterization of the mass as a mature cystic teratoma (23-27).
Second, saturation of the high signal intensity of fat improves the dynamic range of T'1-weighted images by
enhancing the differences among non—fat-containing T'1-hyperintense structures, thereby enabling more
sensitive detection of smaller endometriomas (Figs 1b, 2c, 3b).

Page 1680
The presence of T'1-weighted hyperintensity within a dilated fallopian tube is suggestive of endometriosis
(Fig 1) and may be the only finding at MR imaging in some women (38).

Page 1682
Decidualized endometriosis has been described as a mimic of ovarian cancer at ultrasonography (US)
and MR imaging (46-50).

Page 1684
Although most endometriomas are easily recognized on the basis of their T'1 hyperintensity, solid masses
of endometriosis can easily be overlooked.

Page 1688

One of the most commonly encountered locations of solid invasive endometriosis is the rectouterine
pouch, or posterior cul-de-sac. Solid endometriosis in this site often extends to or invades the posterior
myometrium (Figs 1, 3).



