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Abstract: In this pictorial review, MR imaging findings of deep infiltrating endometriosis (DIE) are

illustrated together with surgical correlation. DIE can appear as irregular nodules or plaques with similar

signal intensity to muscle on both T1-weighted and T2-weighted images. Hemorrhage foci and strands

or stellate margins are also often noted. Restriction of diffusion can be seen on diffusion-weighted image.

Fibrosis and adhesions often result in morphologic changes, such as alimentary tract tortuosity, irregular

or nodular thickening of uterosacral ligaments, and partial or complete obliteration of the pouch of

Douglas. After intravenous gadolinium contrast agent administration, homo- or heterogeneous mild to

moderate enhancement can be observed. MR imaging can depict endometriosis lesions and extension of

DIE at different anatomic locations, which is well consistent with surgical findings. Combining signal and

morphological abnormalities, MR imaging can diagnose and assess the extension of DIE with high accuracy.

MR imaging findings of DIE facilitate surgeons at treatment decision making and patient communication.
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Introduction

Endometriosis, which is defined as the presence of ectopic
endometrial tissue outside the uterus, is a common disease
of premenopausal women with a prevalence of 5-20% and
accounts for 20% of infertility and 24% of pelvic pain (1-5).
Although ovaries are the most common sites for ectopic
endometrial tissue implant, pelvic involvement and beyond,
such as brain and lung, can be seen. Deep infiltrating
endometriosis (DIE) is defined as subperitoneal invasion by
endometriotic lesions that exceed 5 mm in depth (6). DIE is
a common cause of pelvic pain, dysmenorrhea, dyspareunia,
dyschezia, and urinary symptoms and is associated with
infertility. Surgical treatment is required sometimes.

The diagnosis of DIE can be made through physical
examination and laparoscopic exploration, followed by
histologic confirmation. Disease extension assessment
is difficult, especially in pelvic subperitoneal sites and
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in regions that are obscured by pelvic adhesions (7).
Transvaginal ultrasonography (US) is usually the first
imaging modality in diagnosis of endometriosis due to
its accessibility and low cost. However, US is operator
dependent and its poor penetration shows drawback in
detecting endometriotic lesions in some location.

MR imaging is a noninvasive and nonionizing radiation
imaging modality with high spatial resolution and excellent
tissue identification through multi-parameter sequences.
The broad field of view and multiplanar imaging allow MR
imaging to survey the whole pelvis, which can facilitate the
evaluation of lesion extension (8-10). In present pictorial
review, we will exhibit DIE at different anatomic sites with
surgical correlation.

MR imaging protocol

Patients with suspected DIE in our institution often
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undergo pelvic MR imaging with following protocol: axial
and sagittal high resolution turbo spin-echo T2-weighted
sequences, transverse turbo spin-echo T1-weighted
sequences with and without fat suppression, sagittal turbo
spin-echo T'1-weighted sequences with fat suppression, and
transverse gradient-echo T1-weighted MR imaging with
and without fat suppression before and after intravenous
injection of gadolinium contrast agent with a dose of 0.2 mL
per kilogram body weight. Coronal turbo spin-echo T2-
weighted sequence and diffusion-weighted sequence are
optional decided by radiologists.

MR features of endometriosis
Endometrial cyst

Ectopic endometriotic tissues generally implant in ovaries

Figure 1 Laparoscopic photo shows chocolate-like dark old blood

(arrow) spilling out after an endometriomas is cut open.
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and result in endometriotic cysts (endometriomas) during
repeated cyclic hemorrhage. The cysts typically contain
thick, old dark blood called “chocolate cyst” (Figure I).
Therefore, unlike simple cysts which are low intensity on
T1-weighted images and high intensity on T2-weighted
images, endometriomas often shows both high intensity on
T1-weighted images and T2-weighted images (Figure 2).
Signal intensity of endometriomas can be low on T2-
weighted image (Figure 3). A term called T2 shading sign
defined as a cystic lesion with hyperintense signal on a T1-
weighted image that demonstrates relative hypointensity on
T2-weighted image (11). This phenomenon is secondary
to the high concentration of protein and degraded blood
products that result from the repeated hemorrhage, which
shortens T2 relaxation due to susceptibility effect of
degraded blood products. This sign was reported to have a
specificity of 96% for endometriomas (12). Signal intensity
characteristics of endometrial cysts sometimes mimic fat-
containing lesions such as dermoids. Fat suppression
sequences can distinguish mature cystic teratomas from
endometrial cyst (Figures 4,5). Therefore, fat suppressed
T1-weighted sequence is important in female pelvic
imaging.

Deep infiltrating endometriosis

In DIE, the ectopic endometrial foci show secretary
changes responding to circulating hormones and repeated
bleeding (13). Hemorrhage causes inflammation, which
induces histiocyte infiltration, fibromuscular hyperplasia and
adhesion. The infiltration of histiocytes results in pigment

Figure 2 A 28-year-old woman with dyspareunia. (A) Transverse T'1-weighted image shows a hyperintense lesion (arrow) in the site of right

ovary; (B) sagittal T-weighted image shows the lesion is hyperintense (long arrow). A small amount of fluid in the pouch of Douglas (star),

endometriotic lesion in posterior fornix (short arrow) and Nabothian cysts of cervix (curve arrow) are noted also.
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Figure 3 A 41-year-old woman with DIE. (A) Transverse T1-weighted image shows a homogeneous hyperintense cyst (long arrow) in the
left ovary and a heterogeneous cyst (short arrow) with hyperintense component in the right ovary. Rectal wall involvement is seen (curve
arrow); (B) transverse T2-weighted image shows hypointensity of both ovary lesions (long arrow and short arrow) consistent with T2

shading sign.

Figure 4 A 26-year-old woman with endometrioid cyst. (A) Transverse T1 weighted image shows several hyperintense lesions (arrows) in

the pouch of Douglas; (B) fat suppression T'1-weighted image demonstrates the signal of these lesions (arrows) is not suppressed.

Figure 5 A 19-year-old girl with a mature teratoma at the right ovary and simple cyst at the left ovary. (A) Transverse T1-weighted image

shows a lesion with hyperintensity (long arrow) at the site of right ovary and a low signal lesion (short arrow) at the pouch of Douglas; (B)
transverse T2-weighted image shows the hyperintense lesion remains as hyper intensity (long arrow), while the hypointense lesion becomes
high signal intensity (short arrow); (C) transverse fat suppression T'1-weighted image demonstrates the hyperintense components on (A) are

suppressed (arrow).
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Figure 6 A 53-year-old woman with DIE. Transverse T2-weighted
image shows an irregular hyperintense plaque (long arrow)
with multiple hyperintense foci (short arrow) in the retrocervix.

Adenomyosis (star) is demonstrated also.

Figure 7 A 37-year-old woman with DIE. Sagittal T2-weighted
image shows an irregular nodule (long arrow) with stellate margins in

the right uterosacral ligament and an endometriotic cyst (short arrow).
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laden with hemosiderin and hemofuscin, which accounts for
hypointensity on T2 weight images, coupling with fibrosis. In
some cases, endometriosis is stromal tissue dominated with
little glands (14). Extensive adhesions can distort the normal
pelvic anatomy and obliterate the pouch of Douglas.

DIE can affect all the pelvic structures in the following
order: the rectovaginal septum and uterosacral ligaments
(69.2% of cases), the vagina (14.5%), alimentary tract
(9.9%), urinary tract (6.4%), and other extraperitoneal pelvic
sites (15). At MR imaging, the diagnosis of DIE can be
made by the joint presence of signal intensity abnormalities
and morphologic abnormalities (8). The endometrial
lesions often appear as irregular nodules or plaques with
similar signal intensity to muscle on both T1-weighted
and T2-weighted images, hemorrhage foci (Figure 6)
and strands or stellate margins (Figure 7). Identifying
hemorrhage foci is essential, especially on fat suppressed
T1-weighted images (Figure 8). Restriction of diffusion can
be seen within DIE on diffusion-weighted imaging, but
on high b value imaging it often shows mild high intensity
(Figure 9). After i.v. gadolinium, homo- or heterogeneous
mild to moderate enhancement may be observed (Figure 10).
Fibrosis and adhesions often result in morphologic changes,
such as alimentary tract tortuosity, irregular or nodular
thickening of uterosacral ligaments, and partial or complete
obliteration of the pouch of Douglas (Figures 11,12).
The morphologic abnormalities, demonstrated by MR
imaging, show well consistence with laparoscopic findings
(Figures 12,13). Another advantage of MR imaging is that it
can depict endometrial lesions at different anatomic sites at
single imaging, so that it can evaluate the extension of DIE

Figure 8 A 37-year-old woman with DIE. (A) Transverse T'1-weighted image shows irregular hypointense plaque (long arrow) with multiple

hyperintense foci at retrocervix. Thickening of bilateral uterosacral ligaments (short arrows) is noted; (B) transverse fat suppressed T'1-

weighted image shows signal of the hyperintense foci (arrow) on (A) remains unchanged and is more obvious.
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Figure 9 A 28-year-woman with DIE. (A) Transverse diffusion-weighted image with a b value of 500 s/mm? shows a hyperintense lesion (long
arrow) in the left-low abdominal wall and an endometrial cyst (short arrow) in the right ovary. (B) Transverse diffusion-weighted image with
a b value of 1,000 s/mm” shows the intensity of the abdominal wall lesion (long arrow) decreased and the right ovarian cyst (short arrow) as

low signal intensity.

Figure 10 A 40-year-old woman with DIE. (A) Sagittal T2-weighted image depicts an irregular fibromuscular plaque (long arrow) involving
anterior rectal wall, and an endometrial cyst (short arrow). (B) Sagittal contrast-enhanced fat-suppressed T1-weighted image shows mild
heterogeneous enhancement of rectal wall lesion (long arrow). The endometrial cyst (short arrow) is noted. (C) Photograph of gross

specimen demonstrates the endometrial lesion (arrow) penetrating the mucous layer of rectal wall.

with high accuracy (8), especially degree of alimentary tract
involvement (Figure 14) and ureter (Figure 15), which can
guide treatment decision.

Malignant transformation of endometriosis

Although malignant transformation of endometriosis is
rare complication with an occurrence rate of 0.6-0.8%
(16-18), the possibility should be kept in mind when a
radiologist is confronted with DIE. Contrast-enhanced

mural nodules within an endometrial cyst often suggest

Figure 11 A 28-year-old woman with DIE. Sagittal T2-weighted
image shows retrocervical endometriosis (arrow) and adhesion

which results in distortion of rectum.
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malignant transformation (19). Hyperintensity due to
hemorrhage makes it difficult to identify the enhancement.
Dynamic subtraction MR imaging is useful in depicting small
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Figure 12 A 38-year-old woman with DIE. (A) Transverse T2-weighted image shows endometrial cysts (star) obliterating the pouch of
Douglas and unsymmetrical fluid (arrow); (B) laparoscopic photo demonstrates obliteration of the pouch of Douglas. The endometrial cysts

have been removed.

Figure 13 A 42-year-woman with DIE. (A) Transverse T2-weighted image shows thickening of the right uterosacral ligament (long
arrow) and an endometrial cyst (short arrow) in the right perirectal fossa. (B) Transverse diffusion-weighted image with a b value of
1,000 s/mm’ shows slight high signal of the right uterosacral ligament (arrow). The endometrial cyst (short arrow) in the right perirectal
fossa is heterogeneously hyperintense, which may result from T2-through effect. (C) Transverse fat-suppressed T1-weighted image after iv
gadolinium shows mild enhancement of the left uterosacral ligament (arrow). The endometrial cyst (short arrow) in the right perirectal fossa
is noted also. (D) Sagittal fat suppressed T2-weighted image shows infiltration of the upper external aspect of the bladder wall (short arrow).
(E) Laparoscopic photo shows thickening of the right uterosacral ligament (long arrow) and several subperitoneal endometrial lesions (short

arrows).
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Figure 14 A 37-year-old woman with DIE. (A) Sagittal T2-weighted image shows a fan-shaped hypointense mass (arrow) infiltrating the
wall of rectosigmoid; (B) transverse diffusion-weighted image shows the mass (arrow) is iso-intense to the bowel wall; (C) transverse fat-
suppressed T1-weighted image shows the mass (arrow) is iso-intense to the muscle; (D) transverse contrast-enhanced fat-suppressed T'1-
weighted image shows the mass (arrow) demonstrates moderate homogenous enhancement; (E) photograph of gross specimen shows a fan-

shaped lesion infiltrating the bowel wall with an intact mucosal surface (arrow).

Figure 15 A 42-year-old woman with DIE. (A) Coronal pelvic T2-weighted image shows several endometrial cysts (long arrow) surrounding
the left ureter. Endometrial cysts (short arrow) are depicted in the pouch of Douglas; (B) coronal abdominal T2-weighted image depicts
hydronephrosis of left kidney (arrow); (C) contrast enhance transverse T'1-weighted image demonstrates enhancement of the thickening left

ureter (long arrow) and an endometrial cyst with wall enhancement (short arrow).

contrast-enhanced nodule within hyperintense endometrial Carcinoma often shows high signal intensity on high b value
lesions. Enlargement or disappearance of T2 shading of an diffusion-weighted images, while DIE appears to be moderate
endometrial lesion during follow-up suggests malignant signal on high b value diffusion-weighted images (Figure 16).

transformation also. Diffusion-weighted imaging may also In summary, MR imaging can detect lesions of DIE
be helpful in differentiating DIE from carcinoma (20). at different anatomic structure through visualizing signal
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Figure 16 A 41-year-old woman with DIE and malignant transformation of the endometrial lesion in the rectovaginal septum. (A)

Sagittal T2-weighted image shows a heterogeneous mass (arrow) in the rectovaginal septum; (B) sagittal contrast-enhanced fat-suppressed

T1-weighted image shows moderate heterogeneous enhancement (arrow); (C) transverse diffusing-weighted image with a b value of

1,000 s/mm’ shows obvious diffusion restriction (arrow); (D) photomicrograph (HE, x100) shows atypical epithelial cells in glandular-tube-

like, stranding and papillary arrangement.

and morphologic abnormalities and demonstrate changes
consistent with laparoscopic findings. Combining signal
and morphological changes, MR imaging can diagnose and
evaluate extension of DIE with high accuracy, which can
support surgeons in treatment decision making and patient
consultation.
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