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Abstract 
Endometriosis is a common benign and chronic inflammatory gynaecological disease due to functional endome-
trial glands and stroma in an ectopic location outside the uterine cavity. It affects 5-10% of reproductive age group 
women in the peak age of 24-29 years. However, women with infertility and chronic pelvic pain have an even greater 
prevalence, accounting for 30-50% and 90% of cases, respectively. Although it is a common entity, patients often get 
a delayed diagnosis because it is often subtle (hidden), missed, or confused with mimics, leading to misdiagnosis, 
which significantly affects patients’ quality of life because they live in constant pain from undiagnosed endometriosis. 
Laparoscopy followed by histopathological confirmation is the gold standard for diagnosis, but it is an invasive pro-
cedure. MRI is an excellent non-invasive modality that helps in non-invasive diagnosis, with excellent delineation of 
the disease extent, and thus provides a presurgical mapping of the disease, which is helpful for the operating surgeon. 
Radiologists should be aware of all possible spectrum and diagnose this early and provide a detailed structured report 
mapping the entire extent of the disease process, which helps in effective treatment planning and successful outcomes 
in improving patients’ quality of life.
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Introduction
Endometriosis is a common benign and chronic inflam-
matory gynaecological disease due to functional endo-
metrial glands and stroma in an ectopic location outside 
the uterine cavity [1]. It affects 5-10% of reproductive age 
group women, with a peak age of 24-29 years [2,3]. How-
ever, women with infertility and chronic pelvic pain have 
an even greater prevalence, accounting for 30-50% and 90% 
cases, respectively [4,5]. Laparoscopy followed by histo-
pathological confirmation is the gold standard for diagnosis 
but is an invasive procedure. Magnetic resonance imaging 
(MRI) is an excellent non-invasive modality that helps in 
non-invasive diagnosis, with excellent delineation of the 
disease extent, and thus provides a presurgical mapping  
of the disease, which is helpful for the operating surgeon [6].

Aetiology and pathogenesis
The exact pathogenesis is still under research and is likely 
to be multifactorial; however, several theories have been 
suggested [7]. The most widely accepted theory is Samp-
son’s implantation or metastatic theory, which suggests 
retrograde menstruation to be responsible for deposits 
in the pelvic cavity [8,9]. The theory is supported by the 
fact that implants are present in the dependent portion of 
the pelvic cavity. It also explains the increased incidence 
of endometriosis in patients with Mullerian anomalies, 
which obstruct menstrual flow and thus retrograde men-
struation [10]. The drawback of the theory is that a more 
significant proportion of patients experience retrograde 
menstruation, but endometriosis affects only 10% of 
women [11]. This drawback is explained by immunologi-
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cal theory, which states that normally refluxed menstrual 
endometrium is cleared from the peritoneal cavity by 
macrophages, natural killer cells, and lymphocytes pre-
venting endometriosis in most cases. However, there is re-
duced immunological clearance of refluxed endometrium 
from the peritoneal cavity, causing endometriosis in some 
women with immune system dysfunction. 

Many authors have also described other theories, such 
as metaplastic theory and induction theory. Metaplastic 
theory suggests the differentiation of serosal surfaces or 
celomic epithelium into endometrial tissue, and argu-
ments given in favour include the fact that endometriosis 
can also occur in patients with uterine agenesis, gonadal 
dysgenesis, and Turner syndrome [12]. Induction theory 
combines Sampson’s theory and metaplastic theory and 
discusses the secretion of substances by the ectopic endo-
metrial tissues, which induce differentiation of the serosal 
surfaces [12]. Metastatic theory or Halban’s theory also 
explains the presence of endometriosis at distant and un-
usual sites like skin, umbilicus, bowel wall, pleura lungs, 
ureter, endocardium, pelvic lymph nodes, and retroperi-
toneum and extremely rare sites such as brain. 

Stem cell theory is the most recent theory that states en-
dometrial progenitor cells shed during menstruation spread 
to the peritoneum via retrograde menstruation [13-15]. 
Furthermore, endometriosis beginning with endometrial 
stem cells is more severe than from more differentiated  
cells [11]. 

These ectopic implants are hormonally responsive and 
undergo cyclical changes like the endometrium, but it ac-
cumulates blood and blood products without a passage for 
drainage. After looking at the various theories, the logical 
risk factors would be those that increase the exposure to 
menstruation, such as early age of menarche, short men-
strual cycle, heavy menstrual flow, nulliparity, and Mullerian 
anomalies [16].

Classification of endometriosis
Endometriosis has 3 subtypes: endometriomas, superfi-
cial, and deep infiltrating endometriosis (DIE), which can 
be pelvic and extrapelvic in location [17]. Endometrioma 
is a chronic retention cyst arising from endometrial de-
posits within the ovaries and represents the most common 
form of endometriosis. Superficial endometriosis (Samp-
son’s disease, non-invasive implants) refers to endometrial 
implants on the surface of pelvic organs or less than 5 mm 
deep into the peritoneum. These implants are below the 
resolution of current imaging modalities and are not vis-
ible on imaging, and are diagnosed on diagnostic lapa-
roscopy. These superficial implants appear as either red, 
white, or bluish/black lesions on laparoscopy, depending 
on the disease activity. Red lesions are active and highly 
vascular, whereas white lesions represent later phases of 
red lesions with mixed inflammatory and fibrotic phases. 
Black or bluish-black lesions, also referred to as “powder 

burns”, represent cystic degeneration, scarring, and hemo-
siderin deposition [11]. DIE, also called solid infiltrating 
type, refers to endometrial implants greater than 5 mm 
deep into the tissue or peritoneum, and is a significant 
cause of pelvic pain and infertility. Most of the endo-
metriotic lesions visible on MRI represent DIE, and the 
concomitant presence of endometrioma is considered 
a marker for severe DIE and 4-5 times increased risk of 
associated intestinal, vaginal, and ureteral lesions [18].

Clinical presentation
Endometriosis can be asymptomatic; however, chronic 
pelvic pain, infertility, and dyspareunia are the most com-
mon complaints and constitute a characteristic triad of 
endo metriosis. Cyclical pain coinciding with menstrua-
tion is the expected presentation, but the clinical pre-
sentation can be varied and vague and depends on the 
location and organ involvement [19]. The most frequent 
anatomical locations in order of descending frequency are 
as follows: ovaries (endometrioma), pelvic peritoneum in-
cluding pouch of Douglas, vesicouterine pouch, and recto-
vaginal septum, deep lesions of pelvic subperitoneal space, 
gastrointestinal system, and urinary system [20]. Utero-
sacral ligaments are the most common site of DIE and 
the second most common site after endometrioma [20].  
The rectosigmoid junction is the most common intesti-
nal segment affected [21]. Deep dyspareunia is primarily 
associated with rectovaginal and vaginal endometriosis, 
while dyschezia is related to lesions in the rectouterine 
pouch [22]. Bladder involvement presents with dysuria 
rather than cyclical haematuria, and abdominal wall in-
volvement may be associated with constant pain [23].

Diagnosis of endometriosis 
It is still clinically challenging to diagnose endometrio-
sis because the symptoms are varied and non-specific.  
However, there are certain clinical clues, including fixed 
retroverted uterus on bimanual vaginal examination. 
There may be tenderness and nodularity (cobblestone 
feel) in the pouch of Douglas and on the uterosacral liga-
ment as well as adnexal mass due to endometrioma [24]. 
Laparoscopy followed by histopathological examination 
is the gold standard for diagnosis, but it is invasive [25]. 

Ultrasonography, including transvaginal sonography 
(TVS) and transrectal sonography (TRS), is the first-line 
imaging modality. On ultrasonography, endometrioma 
appears to be a well-defined thick-walled cystic lesion 
with uniform ground-glass internal echoes and no inter-
nal vascularity (Figure 1). Endometriotic implants larger 
than 1.5 cm are also visible on ultrasound [12]. TRS is 
highly valuable in the evaluation of implants in the recto-
sigmoid and rectovaginal septum. Endometriotic implants 
appear as subtle hypoechoic nodular or infiltrating regions 
in the classic locations in the pelvis. Simple ultrasound 
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manoeuvre of sliding sign can evaluate subtle adhesions 
in the pelvis by demonstrating relative mobility between 
the adjacent organs [26]. Ultrasound can also be helpful 
in the evaluation of endometriotic implants in superfi-
cial locations such as in the abdominal wall (Figure 2).  
The drawbacks of the ultrasound are decreased sensitiv-
ity in the detection of endometriosis in the anterior com-
partment (bladder and vesicouterine pouch) and middle 
compartment (torus uterinus and round ligaments), and, 
of course, the operator dependence [26]. 

Computed tomography (CT) is not the preferred initial 
modality to evaluate endometriosis; however, endometrio-
sis can be detected incidentally on the scan acquired for un-
related reasons, especially in unusual locations (Figure 3). 
CT is also done for evaluation of endometriosis involving 
the gastrointestinal and genitourinary systems [27]. 

MRI is an excellent non-invasive modality with supe-
rior contrast resolution that helps in non-invasive diag-
nosis and excellent delineation of the disease extent, and 
thus provides a presurgical mapping of the disease, which 

is helpful for the operating surgeon [28]. Therefore, the rest 
of the article is focused on MRI imaging in endometriosis.

Magnetic resonance imaging technique  
and protocol

In 2019, the European Society of Urogenital Radiology 
(ESUR) published the updated guidelines for female pelvic 

Figure 1. Ultrasonographic appearance of endometrioma. Transvaginal scan 
shows a large well-defined unilocular cystic lesion in left adnexa adjacent 
to the uterus (Ut) with homogenous low-level internal echoes within giving 
“ground glass appearance”. The wall of the lesion is smooth with no evi-
dence of septations or solid components within

Figure 2. Sonographic appearance of scar endometriosis. Ultrasound image 
shows an ill-defined heterogeneously hypoechoic lesion with irregular  
margins in the infraumbilical region in the anterior midline

Figure 3. Diaphragmatic endometriosis. A) Contrast-enhanced computed tomography (CECT) axial image in venous phase demonstrate small cystic lesion 
with enhancing wall along right hemidiaphragm (white arrow). B) CECT coronal image of the same patient depicts a large well defined abdominopelvic 
cystic lesion (white arrow), which was operated and confirmed to be endometrioma on histopathological examination
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imaging in various scenarios in a booklet called “ESUR 
Quick Guide to Female Pelvis Imaging”. According to 
these guidelines, MRI for endometriosis evaluation can be 
performed on either a 1.5- or 3-Tesla MRI with a pelvic 
phased-array coil recommended. Patients should be fast-
ing 3-6 hours before the examination. The use of bowel 
preparation and antiperistaltic agents are recommended to 
reduce motion artifacts. The bladder should be moderately 
distended because if overdistended, it will cause detrusor 
contraction and motion artifacts. Vaginal and rectal opaci-
fication using gel is optional to improve diagnostic accuracy.  
The protocol should include at least two 2D T2-weighted se-
quences in orthogonal planes (at least axial and sagittal) and  

a T1-weighted sequence with and without fat suppression 
(Figure 4). Diffusion-weighted and dynamic contrast- 
enhanced sequences are not recommended except in cases of 
indeterminate adnexal mass or suspected malignancy [29]. 

Furthermore, in suspected malignancy, subtraction 
imaging should be performed to assess for enhancement 
in solid nodules. Susceptibility-weighted imaging for en-
dometriosis is currently under evaluation. We acquired all 
the scans as per the ESUR guidelines on a 3.0-T Phillips 
scanner with 3-4 hours of fasting, and intravenous Busco-
pan (Scopolamine-N-butyl bromide) was administered at 
the time of scanning to reduce bowel peristalsis, uterine 
contractions, and motion artifacts. Although not recom-

Figure 4. Recommended magnetic resonance imaging (MRI) sequences for endometriosis. According to the European Society of Urogenital Radiology (ESUR) 
guidelines, MRI protocol should include at least two 2D T2-weighted sequences at least sagittal (A) and axial (B) and a T1-weighted sequence without (C) 
and with fat suppression (D)

A B
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mended, the contrast was also given to evaluate endome-
trial deposits wherever required [29].

Magnetic resonance imaging anatomy  
and interpretation

In 2019 the ESUR published consensus guidelines for 
MRI of pelvic endometriosis, which described the MRI 
techniques to be followed and gave suggestions on the 
reporting of findings. It was suggested that the pelvic 
compartment approach be used to describe the imaging 
findings, and the inclusion of assessing the bowel and 
urinary system [29]. Coutinho et al. first used this com-
partment approach in the evaluation of deep infiltrative 
endometriosis [30]. They divided the pelvis into 3 com-
partments: anterior, middle, and posterior (Figure 5).  
The anterior compartment is the space between the pos-
terior surface of the pubic symphysis and the anterior 
surface of the uterus. It includes prevesical space, round 
ligaments, urinary bladder, distal ureters, vesicouterine 
space, and vesicovaginal space. Uterus, ovaries, fallopian 
tubes, broad ligament, and vagina fall under the middle 
compartment.  The posterior compartment, which is the 
most frequent location of DIE, includes the rectosigmoid 
colon, rectouterine space, rectovaginal space, and utero-
sacral ligaments (Figure 6) [28,30]. After localizing the 

lesion to one specific compartment, it should be further 
described in terms of size, morphology, signal pattern, ad-
hesions, and associated anatomical distortion. Therefore, 
this article will discuss the imaging findings of the vari-
ous endometriotic lesions according to the compartment 
approach, followed by a brief mention of rare extrapelvic 
sites such as gastrointestinal and abdominal wall endo-
metriosis.

Magnetic resonance imaging findings  
in endometriosis

Endometrioma

Endometrioma, also known as chocolate cyst, is an often 
large, frequently bilateral, well-defined, thick-walled mul-
tilocular cystic lesion. It shows uniform hyperintensity 
on the T1W sequence with no signal suppression on the 
T1W fat-suppressed sequence (Figure 7A, B). This hyper-
intensity is described as “light bulb bright” and occurs due 
to the high concentrations of methemoglobin and pro-
teins resulting from repeated haemorrhage [31]. In 1992,  
Togashi et al. described a phenomenon called “T2 shading”, 
referring to the focal or uniform loss of signal on the T2W 
sequence (Figure 7C) [32]. They found sensitivity, specific-
ity, and accuracy of T2 shading sign for the differentiation 

Figure 5. Anatomy of the female pelvis on sagittal section. A) Sketch diagram of the sagittal section of female magnetic resonance pelvis showing normal 
anatomy. Figure B is the corresponding sagittal T2W image demonstrating the anatomic structures that are commonly affected in endometriosis namely 
prevesical space (orange), peritoneal refection (green), vesicovaginal septum (light blue), vesicouterine space (pink), rectouterine space (dark blue), rec-
tovaginal septum (violet), and presacral space (red). Figure C depicts the 3 anatomic compartments, namely, anterior (bounded by yellow line), middle 
(bounded by pink line), and posterior (bounded by orange line), used in reporting deep infiltrative endometriosis
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Figure 6. Anatomy of female pelvis on axial sections: Sketch diagrams (A, B, C) and corresponding T2W axial images (D, E, F) demonstrate axial anatomy  
of the pelvis at the inferior level of cervix (A, D), uterocervical junction in the middle (level of torus uterinus and uterosacral ligaments in B and E) and su-
periorly at the level of fallopian tubes and ovaries (C, F), respectively. Round ligaments are also seen at this superior level. UB – urinary bladder, Cx – cervix, 
R – rectum, USL – uterosacral ligament, Ut – uterus, FT – fallopian tube, RL – round ligament, and ovaries (white circles)

A B
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of endometrioma from other adnexal lesions to be 90%, 
98%, and 96%, respectively [32]. This loss of the T2 signal is 
also because of high concentrations of methemoglobin and 
proteins resulting from repeated haemorrhage. T2 signal is 
usually hypointense, but it can be variable depending on 
the age of blood products. Due to chronic repetitive haem-
orrhage, other findings on T2w include a dark fibrotic rim 
from hemosiderin deposition and T2 dark spots. Corwin 
et al. proposed a new sign called the “T2 dark spot sign”, 
which appears as discrete markedly hypointense foci in 
the periphery of the cyst but separate from the wall due to 
chronic haemorrhage [33]. This sign is a more specific sign 
of endometriosis occurring due to high iron and protein 
concentrations, with one study having sensitivity, specific-
ity, and positive predictive values of 36%, 93%, and 89%, re-
spectively, differentiating endometriosis from the haemor-
rhagic cyst [33]. Endometrioma shows low ADC values on 
diffusion-weighted sequences partly because of restricted 
diffusion owing to thick and viscous contents and partly 
due to T2 blackout effects [27,31]. On contrast images, it 
shows peripheral enhancement, unlike haemorrhagic cyst.

Differential diagnoses

Two primary differential diagnoses include haemorrhagic 
cyst and mature ovarian teratoma. 

Differentiating features of endometrioma and haemor-
rhagic cyst are summarised in Table 1.

Mature cystic teratoma can be differentiated from endo-
metrioma on T1W fat-suppressed images because teratoma 
shows signal suppression while endometrioma does not; in-
stead, it becomes more conspicuous (Figure 7B). However, 
loss of T1W hyperintensity on STIR is not specific to fat; 
endometrioma and haemorrhagic cyst may mimic mature 
cystic teratoma on STIR imaging because they have similar 
relaxation times as fat. Therefore, sequences with chemical 
suppression of fat should be used to evaluate endometrio-
ma to avoid this potential pitfall [29].

Complications of endometrioma

•	 Malignant	transformation:	Around 1-2% of women 
undergo a malignant transformation for unknown 
reasons, and this occurs 10-20 years earlier than those 
without endometriosis [27]. Fortunately, endometrio-
sis-associated malignancy tends to be low grade and has 
a good prognosis. Endometrioid carcinoma (66.7%) and 
clear cell carcinoma (14.8%) are the most common his-
tological subtypes associated with endometriosis [34]. 
In addition, postmenopausal status and endometrioma 
> 9 cm are independent predictors of malignant trans-
formation [35]. On MRI, the most specific feature sug-
gestive of malignant transformation is solid enhancing 
mural nodules, best visualized on subtraction imaging 
because of the intrinsic T1W hyperintensity of endo-
metrioma. Other features suggesting malignant trans-

Figure 7. Endometrioma: T1W axial image (A) of the pelvis showing well-defined, uniformly hyperintense cyst (white arrows) with no suppression of 
signal on T1 fat suppressed sequence (B), rather becoming more hyperintense giving a “light bulb appearance”. The lesion shows loss of the signal on T2W  
images (C) suggesting “T2 shading” and peripheral hypointense wall

Table 1. Differentiating magnetic resonance imaging features between endometrioma and haemorrhagic cyst

Feature Endometrioma Haemorrhagic cyst

Morphology Large, multilocular and thick-walled Small, unilocular, and thin walled

Bilaterality Common Uncommon

T1W signal Homogenously hyperintense Heterogenous with focal areas of T1 hyperintensity

T2W signal T2 shading and T2 Dark spots No T2 shading and T2 dark spots

Diffusion Low ADC values High ADC values

Contrast enhancement Peripheral enhancement  No enhancement 

A B C
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formation are a sudden increase in the size of the cyst, 
absence of T2 shading, nodule size > 3 cm, ascites, and 
peritoneal implants [34].

•	 Decidualization:	With increased progesterone levels in 
pregnancy, endometrioma undergoes decidual changes 
in the endometrial stromal tissue, manifested by vascu-
lar mural nodules, and thus mimicking ovarian malig-
nancy. MRI features helpful in their diagnosis are their 
signal intensity, which is similar to decidualized endo-
metrium. They are managed conservatively and usually 
resolve or regress after childbirth [31].

•	 Ovarian	torsion	and	rupture:		Because of the associa-
tion of endometrioma with DIE, there are usually dense 
adhesions in the pelvis, which prevents torsion of the 
ovary; however, rupture can occur in pregnancy due to 
rapid growth under oestrogen stimulation.

Superficial endometriosis (Sampson’s disease)

Also called non-invasive implants, they are tiny in size 
with less than 5 mm depth into the surface of the organ 
involved or peritoneum and are below the resolution of 
MRI, and hence are not visualized on MRI. However, the 
presence of small T1-weighted hypertense foci may be the 
only imaging clue to them [28].

Deep infiltrative endometriosis

Deep infiltrative endometriosis (DIE) is composed of ecto-
pic endometrial glands and stroma with associated dense 
fibromuscular hypertrophy and eventually fibrosis and 
adhesion formation between adjacent organs. On MRI, 
DIE has a spectrum of imaging appearances depending 
on the relative composition of active glandular elements, 
fibromuscular stroma, and fibrosis and include cystic, solid-
cystic, and solid lesions [28]. The implants’ active glandular 

elements have 2 appearances on MRI: Cystic or haemor-
rhagic/proteinaceous. Haemorrhagic or proteinaceous le-
sions appear as hyperintense on T1W and hypointense on 
T2W sequence, whereas predominantly cystic elements are 
hypointense on T1W with the corresponding hyperintensi-
ty on the T2W sequence. At the other end of the spectrum, 
chronic stromal or fibrotic components in the implant are 
challenging to detect because they appear as linear or spic-
ulated hypointense lesions on all sequences and as linear 
hypointense bands on T1W and T2W in the case of more 
subtle adhesions. Therefore, indirect evidence with associ-
ated distortion of adjacent organs in more fibrotic lesions is 
an essential diagnostic clue if present. In severe DIE, dense 
fibrosis will result in adhesion formation and obliteration of 
peritoneal recesses. Contrast enhancement is also helpful to 
make them stand out because they show delayed enhance-
ment [36].

Anterior compartment

MRI is a valuable tool in evaluating DIE of the anterior 
compartment because its evaluation is not optimal with ul-
trasonography. Anterior compartment DIE is less frequent 
than posterior compartment DIE, accounting for ~6% of 
cases [37]. The vesicouterine space and urinary bladder are  
the most common sites affected in the anterior compartment. 

The vesicouterine space is the peritoneal recess be-
tween uterus and bladder and is frequently involved in 
anterior compartment endometriosis resulting in adhe-
sion formation, uterine anteversion, and even complete 
obliteration in severe cases (Figure 8). Bladder involve-
ment per se is rare, accounting for < 1% of cases of endo-
metriosis; however, it is the most common site of affliction 
in the urinary tract, followed by distal ureters [38]. 

Bladder endometriosis is almost always associated with 
endometriosis in the vesicouterine space (anterior cul-de-

Figure 8. Deep infiltrative endometriosis in vesicouterine space with contiguous bladder and uterine involvement. Coronal T2W (A) and sagittal T1 with fat 
suppression images (B) show obliteration of vesicouterine space with ill-defined stellate-shaped hypointense lesion extending anteriorly into the dome and 
posterior wall of the bladder and posteriorly involving the anterior wall of the uterus, which appears mildly anteverted. There is also presence of hyperintense 
foci on T1W images suggestive of haemorrhage within the glandular components
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sac); therefore, the dome, posterior wall, and trigone are 
the most frequent sites of involvement [39]. Involvement 
is usually multifocal and occurs in 2 patterns: extrinsic and 
intrinsic, depending on the depth of involvement of the 
bladder wall. The extrinsic type remains confined to the 
serosa and does not involve the detrusor muscle layer and 
mucosa and hence is not evident on cystoscopy. In con-
trast, the intrinsic type infiltrates into the bladder wall, in-
volves the detrusor muscle layer, and creates mural masses 
visualized on cystoscopy. If it further involves the mucosa 
in cases of full-thickness endometriosis, it can even mimic 
bladder carcinoma [40]. Therefore, while reporting blad-
der endometriosis, the vital information the surgeon wants 
for planning is the precise location of the lesion, depth of 
detrusor invasion, and distance from the ureteral orifice, 
which will need ureteral reimplantation if involved [41]. 

Ureteral endometriosis can affect any portion, but 
distal ureters are most commonly involved and have  
2 varieties: extrinsic and intrinsic, similarly to the bladder. 
The extrinsic variety is more common, appearing as dense 
hypointense nodules adjoining the distal ureter. As ureters 
are smaller structures (4-5 mm in diameter), their direct 
evaluation is limited on MRI due to less spatial resolution, 
and ureteral dilatation may be the only indirect clue to its 
presence [42]. It has a strong association with the presence 
of DIE at other sites, such as endometrioma, uterosacral 
ligaments, rectovaginal endometriosis more than 3 cm, 
vagina, bladder, and bowel [43]. 

Round ligament originates from the anterolateral part 
of fundus below the fallopian tube, courses anterolaterally, 
and terminates on labia after passage through inguinal 
canals. Endometriosis involves the proximal part of the 
ligament adjacent to the uterus, resulting in shortened, 
thickened, and nodular appearance [44]. Other sites in the 
anterior compartment rarely involved are prevesical space, 
and vesicocervical and vesicovaginal endometriosis, which 
manifests as the obliteration of the spaces and mass effect 
on the bladder in the case of prevesical space endometrio-
sis. Urachal involvement is also rarely reported [28,45].

Middle compartment 

The middle compartment includes the ovaries, uterus, fal-
lopian tubes, and broad ligament. Apart from the endome-
trioma, another form of ovarian involvement is adhesions 
secondary to DIE with resultant medial retraction of the 
ovaries across the midline behind the uterus in the recto-
uterine space. Medially displaced ovaries that lie close to 
each other are referred to as “kissing ovaries”. In addition, 
medialised ovaries on preoperative imaging are a marker 
of moderate to severe endometriosis [46]. 

The uterus can be directly or indirectly affected in DIE. 
For example, the uterine axis gets distorted and can become 
retroverted in the posterior compartment disease and an-
teverted in the anterior compartment because of retrac-
tion by dense adhesions. In addition, torus uterinus (slight 

transverse thickening on the posterior uterine wall at the 
uterocervical junction) is an attachment site for uterosacral 
ligaments, typically not visualized in normal people. How-
ever, it becomes thickened secondary to endometriotic im-
plants. Finally, the uterus can be involved in uterine serosal 
plaques on the anterior and posterior surface, which can be 
very invasive and may mimic focal adenomyosis, especially 
on the posterior wall [47]. However, uterine DIE is an “out-
side-inside” process, which can be differentiated from focal 
adenomyosis, which is an “inside to outside” process, by 
carefully analysing the endo-myometrial junctional zone, 
thickened (> 12 mm) and altered in focal adenomyosis and 
normal in DIE. Therefore, uterine DIE should not be mis-
diagnosed as focal adenomyosis [48].

 Fallopian tube involvement is seen in around 30% of 
women with endometriosis [49]. DIE implants on the sero-
sa or subserosa of the fallopian tubes are typically not visu-
alized on imaging. However, repeated chronic haemorrhage 
within the implant and eventual peritubular adhesions 
cause tubal obstruction and dilation. T1W hyperintense 
intraluminal signal suggesting hematosalpinx has been 
seen in only 40% of cases. In the remaining 60% of cases, 
no T1W hyperintensity is seen in the dilated fallo pian tube 
[50]. In addition, unlike endometrioma, T2 shading is not 
a feature of tubal involvement because endometriotic im-
plants involve the serosal surface of the tube and not the 
lumen itself [49]. Therefore, hematosalpinx is considered 
a peculiar finding of endometriosis and may be the only 
imaging finding that indicates its presence. Differential di-
agnoses of hematosalpinx include pyosalpinx and fallopian 
tube malignancy. Fallopian tube malignancies occur in the 
older age group and show solid enhancing nodules, while 
pyosalpinx is associated with much fat stranding around 
the tube with a history of fever and raised leukocyte count.

Similarly to the uterus, involvement of the vagina in 
endometriosis can be direct or indirect. Directly, the most 
frequent site is the posterior vaginal fornix, usually sec-
ondary to a lesion extending from the retrocervical re-
gion. Vaginal endometriosis has a very high association 
with recurrence and post-surgical rectovaginal fistula 
formation [51]. Therefore, meticulous evaluation of this 
region and communication about the exact depth of in-
volvement is essential for presurgical planning. Indirect 
involvement due to adhesions in the surrounding region 
will cause angulated and elevated posterior vaginal fornix 
lying superior to the uterine isthmus.

Posterior compartment 

The posterior compartment is the most common site 
of DIE in the pelvis [20]. It comprises the rectouterine 
pouch, rectovaginal septum, rectosigmoid bowel, and 
uterosacral ligaments. The rectouterine pouch or poste-
rior cul-de-sac accounts for most symptomatic cases of 
endometriosis and is associated with severe disease [52]. 
It is the most dependent portion of the peritoneal cav-
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Figure 9. Deep infiltrative endometriosis (DIE) in rectouterine pouch. Axial T1W (A), T1W fat suppressed (B), and T2W axial image (C) depict obliteration  
of rectouterine pouch with ill-defined stellate shaped lesion (white arrows) appearing hypointense on both T1W and T2W images with associated retrover-
sion of the uterus. There is also presence of multiple foci seen within the lesion, appearing hyperintense on T1W and hypointense on T2W images, suggestive 
of haemorrhagic foci within the ectopic glands

A B C

ity and extends up to the middle third of the vagina and 
becomes inaccessible on laparoscopy due to its deep po-
sition, and it is further problematic in endometriosis be-
cause of compartment obliteration. Thus, MRI becomes 
critical to evaluate rectouterine pouch endometriosis and 
adhesions. Typical imaging findings include endome-
triotic implants, either active glandular or chronic stro-
mal/fibrotic, linear hypointense adhesions, and tether-
ing between the uterus and anterior rectum (Figure 9). 
The rectovaginal septum is an extraperitoneal space be-
tween the vagina and lower rectum, extending from the 
rectouterine pouch to the perineal body. According to the 
location, lesions can be in the septum (10%) or the poste-
rior vaginal fornix (65%), and there are hourglass-shaped 
lesions involving the posterior fornix with extension into 
the anterior rectum [12]. Preoperative mapping of the re-
gion is essential because resection of implants predisposes 
to rectovaginal fistula formation.

Uterosacral ligaments originate from the torus uterinus, 
attach posteriorly to the sacrum, and are considered the 
second most common site after the ovaries in some studies. 
The proximal third are the most commonly involved sites, 
presenting as asymmetric shortening, thickening (>9 mm), 
and nodularity of the involved ligament [53].

Other extrapelvic sites

Extraperitoneal endometriosis

Extraperitoneal endometriosis refers to endometriotic im-
plants outside the peritoneal cavity, and cases have been 
reported in the literature involving sites like the thoracic 
cavity, abdominal walls, and pelvic walls. The most com-
mon site of involvement is the abdominal wall, which is 
believed to be due to the direct implantation of endome-
triotic glands and stroma during the surgery. Women 
with a history of laparoscopy or caesarean section may 
present with palpable masses at the incision site, with an 
incidence of ~15-44% [54]. MRI has a variable appear-

ance, with the majority being hypointense on both T1W 
and T2W images. The principal differential diagnoses are 
solid abdominal wall tumours, such as desmoid tumours, 
but can be differentiated by glandular elements within 
the lesion showing hyperintensity on T1W sequence or 
blooming on gradient images (Figures 10 and 11). An-
other notable location is the pelvic floor at the site of the 
previous episiotomy scar, which manifests as a palpable 
nodule in the perianal region with cyclical change in size 
(Figure 12).

Gastrointestinal involvement 

Common sites of gastrointestinal tract involvement and 
corresponding hallmark imaging findings are summarised 
in Table 2	[55].

Structured reporting and checklist

The organization of the report in a structured way accord-
ing to the compartment approach gives a detailed, concise 
mention of all relevant findings, which helps the surgeon 
approach the disease effectively and helps the radiologist 
in deciding the search pattern and reduces the chances of 
missing findings. An example of such a structured report-
ing template is provided in Table 3.

Conclusions
Endometriosis is a challenging gynaecological disease 
with non-specific symptoms, and it is often missed and 
misdiagnosed, resulting in a delay in diagnosis and man-
agement, affecting patients’ quality of life. Although lapa-
roscopy is the gold standard for diagnosis, it is an inva-
sive procedure and has limitations in extensive disease 
with obliteration of spaces. Therefore, imaging becomes 
critical in its evaluation, and radiologists should not only 
diagnose endometriosis but should provide a detailed de-
scription of all the possible sites of involvement, mapping 
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Figure 12. Pelvic floor endometriosis at episiotomy site: Axial T1W (A) and T2W (B) images show ill-defined stellate hypointense lesion in the pelvic floor 
at site of episiotomy scar with T1W and T2W hyperintense foci suggesting ectopic endometrial glands within the lesion

A B

Figure 10. Scar endometrioma in a patient of post laparotomy scar. T1W (A) shows hypointense spiculated ill-defined lesion (white arrows) in the ante- 
rior abdominal wall along the subcutaneous plane with hyperintense ectopic endometrial glands on T1 fat suppressed image (B) and post contrast  
enhancement (C)

Figure 11. Umbilical endometriosis. T2W image (A) depicting umbilical scar endometriosis (white arrows) with T1W FS sequence (B, C) demonstrating 
ectopic endometrial glands

A

A

B

B

C

C



 Magnetic resonance imaging of endometriosis: a common but often hidden, missed, and misdiagnosed entity

e459© Pol J Radiol 2022; 87: e448-e461

Table 2. Gastrointestinal tract involvement in endometriosis 

Site Imaging features Remarks 

Stomach Variable; heterogeneously enhancing hypodense submucosal 
masses to large irregular exophytic masses

Least common manifestation

Small bowel Most commonly involves terminal ileum;  
T2 hypointense irregular nodular thickening with adjacent 

tethering of bowel loops and delayed enhancement

Differential diagnosis: Crohn’s disease
Crohn’s: Long segment uniform T2 hypointense thickening  

with mucosal hyperenhancement
Endometriosis: Nodular short T2 hypointense thickening  

with small T2 hyperintense foci with no mucosal enhancement

Rectosigmoid 
colon

Characteristic „mushroom-shaped lesions”  
(T2 hypointense nodule with muscularis hypertrophy and 

extension into submucosa; however intact T2 hyperintense 
mucosal layer-resembling a mushroom cap)

Most common manifestation of gastrointestinal endometriosis 
(~33% of women with DIE)

Appendix Nodular lesion or irregular thickening in the appendiceal wall 
with mucocele formation secondary to obstruction

It is associated with more advanced and severe endometriosis

Table 3. Structured reporting template for magnetic resonance imaging endometriosis

Structures involved Findings to be reported 

An
te

rio
r c

om
pa

rtm
en

t

Urinary bladder Size, number, and location/s of the lesion/s
The extent of detrusor muscle involvement

Involvement of trigone
Distance of lesion from the ureteral orifice

Ureters Side involved
Size of lesion

Extrinsic/intrinsic involvement:
Distance of lesion from VUJ
Upstream hydronephrosis

Anterior compartment spaces Prevesical space Obliterated/Not obliterated

Vesicouterine space

Vesicovaginal space

M
id

dl
e c

om
pa

rtm
en

t

Uterus Dimensions
Homogeneity

Endometrial thickness and homogeneity
Adenomyosis present or not

Presence of infiltrating endometriosis (anterior or posterior wall, depth of extension,  
and distance from endometrium)

Ovaries Location (normal/displaced)
Dimensions 
Adhesions:

Presence of endometrioma (if present, the number and size of lesions, appearance  
on T1, T2, and diffusion)

Diameter of tubes
Contents (hydrosalpinx/hematosalpinx)

Fallopian tubes

Vagina Superficial or full-thickness involvement: 
Position of the posterior vaginal fornix

Po
ste

rio
r 

co
m

pa
rtm

en
t Rectosigmoid Size and number of lesion/s, distance of most caudal lesion from anal verge,  

depth of invasion and percentage circumference of bowel involved

Uterosacral ligaments Thickening/nodules

Rectocervical and rectovaginal space Obliterated/non-obliterated

Ot
he

r e
xt

ra
pe

lvi
c 

sit
es

Gastrointestinal system Stomach, small bowel, ileocecal junction, appendix, caecum, ascending and descending 
colon

Describe length, size, depth of invasion

Extraperitoneal endometriosis Extraperitoneal endometriosis: anterior abdominal wall, pelvic floor, previous scars
Describe the size, location, and extent of involvement



Mohammad Zuber, Mohammad Shoaib, Surbhi Kumari  

e460 © Pol J Radiol 2022; 87: e448-e461

the entire extent in a compartment-wise manner. More-
over, they should communicate the findings effectively in 
a structured radiological report emphasizing all the rel-
evant details for effective surgical outcomes and improved 
patients’ quality of life.

Conflicts of interest

The authors report no conflict of interest.

1. Chamié LP, Blasbalg R, Pereira RM, et al. Findings of pelvic endo-
metriosis at transvaginal US, MR imaging, and laparoscopy. Radio-
graphics 2011; 31: 77-100.

2. Woodward PJ, Sohaey R, Mezzetti TP Jr. Endometriosis: radiologic- 
pathologic correlation. Radiographics 2001; 21: 193-216.

3. Javiera AF, Cristian MS, Daniel GD, et al. Endometriosis MRI: picto-
graphic review. Rev Chil Radiol 2012; 18: 149-156.

4. Chatman DL, Ward AB. Endometriosis in adolescents. J Reprod 
Health Med 1982; 27: 156-160.

5. Sangi-Haghpeykar H, Poindexter AN III. Epidemiology of endo-
metriosis among parous women. Obstet Gynecol 1995; 85: 983-992.

6. Thalluri AL, Knox S, Nguyen T. MRI findings in deep infiltrating 
endometriosis: a pictorial essay. J Med Imaging Radiat Oncol 2017; 
61: 767-773.

7. Gupta S, Harlev A, Agarwal A. Endometriosis: a comprehensive up-
date. Springer International Publishing; 2015.

8. Klemmt PA, Starzinski-Powitz A. Molecular and cellular pathoge-
nesis of endometriosis. Curr Womens Health Rev 2018; 14: 106-116.

9. Tosti C, Pinzauti S, Santulli P, et al. Pathogenetic mechanisms of deep 
infiltrating endometriosis. Reprod Sci 2015; 22: 1053-1059.

10. Uğur M, Turan C, Mungan T, et al. Endometriosis in association 
with müllerian anomalies. Gynecol Obstet Invest 1995; 40: 261-264.

11. Alimi Y, Iwanaga J, Loukas M, Tubbs RS. The clinical anatomy of 
endometriosis: a review. Cureus 2018; 10: e3361.

12. Sud S, Buxi TB, Sheth S, Ghuman SS. Endometriosis and its myriad 
presentations: magnetic resonance imaging-based pictorial review. 
Indian J Radiol Imaging 2021; 31: 193-202.

13. Gargett CE. Uterine stem cells: what is the evidence? Hum Reprod 
Update 2007; 13: 87-101.

14. Gargett CE, Masuda H. Adult stem cells in the endometrium. Mol 
Hum Reprod 2010; 16: 818-834.

15. Gargett CE, Schwab KE, Deane JA. Endometrial stem/progenitor 
cells: the first 10 years. Hum Reprod Update 2016; 22: 137-163.

16. Agarwal N, Subramanian A. Endometriosis – morphology, clinical 
presentations and molecular pathology. J Lab Physicians 2010; 2: 1-9.

17. Vercellini P, Viganò P, Somigliana E, Fedele L. Endometriosis: patho-
genesis and treatment. Nat Rev Endocrinol 2014; 10: 261-275.

18. Redwine DB. Ovarian endometriosis: a marker for more extensive 
pelvic and intestinal disease. Fertil Steril 1999; 72: 310-315.

19. Olive DL, Schwartz LB. Endometriosis. N Engl J Med 1993; 328: 
1759-1769.

20. Lee HJ, Park YM, Jee BC, et al. Various anatomic locations of surgically 
proven Endometriosis: a single-center experience. Obstet Gynecol Sci 
2015; 58: 53-58.

21. Roman H, Vassilieff M, Gourcerol G, et al. Surgical management of 
deep infiltrating endometriosis of the rectum: pleading for a symp-
tom-guided approach. Hum Reprod 2011; 26: 274-281.

References

22. Avila I, Filogônio ID, Costa LM, Carneiro MM. Anatomical distribu-
tion of deep infiltrating endometriosis and its relationship to pelvic 
pain. J Gynecol Surg 2016; 32: 99-103.

23. Novellas S, Chassang M, Bouaziz J, et al. Anterior pelvic endometrio-
sis: MRI features. Abdom Imaging 2010; 35: 742-749.

24. Pahwa AK, Siegelman ES, Arya LA. Physical examination of the fe-
male internal and external genitalia with and without pelvic organ 
prolapse: a review. Clin Anatomy 2015; 28: 305-313.

25. Casper RF. Introduction: a focus on the medical management of en-
dometriosis. Fertil Steril 2017; 107: 521-522.

26. Hindman N, VanBuren W. Imaging spectrum of endometriosis (endo-
metriomas to deep infiltrative endometriosis). Radiol Clin North Am 
2020; 58: 275-289.

27. Tran-Harding K, Nair RT, Dawkins A, et al. Endometriosis revisit-
ed: an imaging review of the usual and unusual manifestations with 
pathological correlation. Clin Imaging 2018; 52: 163-171.

28. Jha P, Sakala M, Chamie LP, et al. Endometriosis MRI lexicon: 
consensus statement from the society of abdominal radiology en-
dometriosis disease-focused panel. Abdom Radiol (NY) 2020; 45: 
1552-1568.

29. Alt C. European Society of Urogenital Radiology. Available from: 
https://www.esur.org/fileadmin/content/2019/ESUR_2019_-_ESUR_
Quick_Guide_to_Female_Pelvis_Imaging.pdf [Accessed: 06.11.2021].

30. Coutinho A Jr, Bittencourt LK, Pires CE. MR imaging in deep pelvic 
endometriosis: a pictorial essay. Radiographics 2011; 31: 549-567.

31. Siegelman ES, Oliver ER. MR imaging of endometriosis: ten imaging 
pearls. Radiographics 2012; 32: 1675-1691.

32. Togashi K, Nishimura K, Kimura I, et al. Endometrial cysts: diagno-
sis with MR imaging. Radiology 1991; 180: 73-78.

33. Corwin MT, Gerscovich EO, Lamba R, et al. Differentiation of ovari-
an endometriomas from hemorrhagic cysts at MR imaging: utility of 
the T2 dark spot sign. Radiology 2014; 271: 126-132.

34. Samreen JN, Bookwalter CA, Burnett TL, et al. MRI of endometrio-
sis: a comprehensive review. Appl Radiol 2019; 48: 6-12.

35. Kobayashi H. Ovarian cancer in endometriosis: epidemiology, natu-
ral history, and clinical diagnosis. Int J Clin Oncol 2009; 14: 378-382.

36. Allen BC, Hosseinzadeh K, Qasem SA, et al. Practical approach to MRI 
of female pelvic masses. AJR Am J Roentgenol 2014; 202: 1366-1375.

37. Chapron C, Fauconnier A, Dubuisson JB, et al. Deep infiltrating en-
dometriosis: relation between severity of dysmenorrhoea and extent 
of disease. Hum Reprod 2003; 18: 760-766.

38. Donnez J, Spada F, Squifflet J, Nisolle M. Bladder endometriosis must 
be considered as bladder adenomyosis. Fertil Steril 2000; 74: 1175-1181.

39. Busard MP, Mijatovic V, Lüchinger AB, et al. MR imaging of blad-
der endometriosis and its relationship with the anterior uterine  
wall: experience in a tertiary referral centre. Eur J Radiol 2012; 81: 
2106-2111.



 Magnetic resonance imaging of endometriosis: a common but often hidden, missed, and misdiagnosed entity

e461© Pol J Radiol 2022; 87: e448-e461

40. Maggiore UL, Ferrero S, Candiani M, et al. Bladder endometriosis: 
a systematic review of pathogenesis, diagnosis, treatment, impact on 
fertility, and risk of malignant transformation. Eur Urol 2017; 71: 
790-807.

41. Foti PV, Farina R, Palmucci S, et al. Endometriosis: clinical features, 
MR imaging findings and pathologic correlation. Insights Imaging 
2018; 9: 149-172.

42. Maccagnano C, Pellucchi F, Rocchini L, et al. Ureteral endometriosis: 
proposal for a diagnostic and therapeutic algorithm with a review of 
the literature. Urol Int 2013; 91: 1-9.

43. Chamié LP, Ribeiro DM, Tiferes DA, et al. Atypical sites of deeply in-
filtrative endometriosis: clinical characteristics and imaging findings. 
Radiographics 2018; 38: 309-328.

44. Kaniewska M, Gołofit P, Heubner M, et al. Suspensory ligaments of 
the female genital organs: MRI evaluation with intraoperative corre-
lation. Radiographics 2018; 38: 2195-2211.

45. Kim SW, Kim HC, Yang DM, Min GE. The prevesical space: anatomi-
cal review and pathological conditions. Clin Radiol 2013; 68: 733-740.

46. Ghezzi F, Raio L, Cromi A, et al. “Kissing ovaries”: a sonographic sign 
of moderate to severe endometriosis. Fertil Steril 2005; 83: 143-147.

47. Gougoutas CA, Siegelman ES, Hunt J, Outwater EK. Pelvic endome-
triosis: various manifestations and MR imaging findings. AJR Am  
J Roentgenol 2000; 175: 353-358.

48. Novellas S, Chassang M, Delotte J, et al. MRI characteristics of the 
uterine junctional zone: from normal to the diagnosis of adenomyosis. 
AJR Am J Roentgenol 2011; 196: 1206-1213.

49. Kim MY, Rha SE, Oh SN, et al. MR imaging findings of hydrosalpinx: 
a comprehensive review. Radiographics 2009; 29: 495-507.

50. Outwater EK, Siegelman ES, Chiowanich P, et al. Dilated fallopian 
tubes: MR imaging characteristics. Radiology 1998; 208: 463-469.

51. Kondo W, Bourdel N, Tamburro S, et al. Complications after surgery 
for deeply infiltrating pelvic endometriosis. BJOG 2011; 118: 292-298.

52. Manganaro L, Vittori G, Vinci V, et al. 3-T magnetic resonance imag-
ing in the evaluation of posterior cul-de-sac obliteration. Magn Reson 
Imaging 2012; 30: 1432-1438.

53. Tang X, Ling R, Gong J, et al. Deep infiltrating endometriosis MR 
imaging with surgical correlation. Quant Imaging Med Surg 2018; 
8: 187-195.

54. Blanco RG, Parithivel VS, Shah AK, et al. Abdominal wall endome-
triomas. Am J Surg 2003; 185: 596-598.

55. Jaramillo-Cardoso A, Shenoy-Bhangle AS, VanBuren WM, et al. Im-
aging of gastrointestinal endometriosis: what the radiologist should 
know. Abdom Radiol (NY) 2020; 45: 1694-1710.


