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Abstract: Endometriosis is a chronic condition characterized by the presence of abnormal endometrial
tissue outside the uterus. These misplaced cells are responsible for inflammation, symptoms, scar
tissue and adhesions. Endometriosis manifests mainly in three patterns: superficial peritoneal lesions
(SUP), ovarian endometriomas (OMA) and deep infiltrating endometriosis (DIE). It also exhibits
atypical and extremely rare localization. The updated 2022 guidelines of the ESHRE recommend using
both ultrasound and magnetic resonance imaging (MRI) as first-line diagnostic tests. Currently, MRI
provides a more complete view of the pelvis anatomy. The aim of our review is to provide radiologists
with a “map” that can help them in reporting pelvic MRI scans in patients with endometriosis. We
will illustrate the usual and unusual localizations of endometriosis (categorized into compartments)
using post-operative imaging, and we will focus on the role of MRI, the main sequences and the use
of contrast agents.

Keywords: endometriosis; MRI; deep pelvic endometriosis; endometrioma; adenomyosis; post-
operative imaging

1. Introduction

Endometriosis is defined as a benign chronic inflammation caused by the abnormal
presence of endometrial glands and stroma outside the uterus. The ectopic endometrial cells
on the surface of other organs, such as the ovaries (endometrioma), uterus (adenomyosis),
tube, intestine, vagina, and bladder, undergo the same modifications of the physiological
uterine endometrium during the menstrual cycle; this can generate an inflammatory state
with symptoms and the formation of scar tissue and adhesions that, if neglected, can also
cause infertility [1].

Several theories exist concerning the origins of endometriosis, with the most widely
accepted one suggesting that endometrial cells shed during menstruation make their way
through the fallopian tubes into the abdominal cavity. This leads to their implantation
on the peritoneum and the surface of the pelvic organs [2]. However, this hypothesis
does not rule out alternative explanations, including a potential genetic factor, the spread
of endometrial cells through the bloodstream and lymphatic system, or the metaplastic
theory. Specifically, the latter theory proposes that both endometrial and peritoneal cells
originate from a shared embryological precursor [3]. Therefore, it suggests that peritoneal
cells have the potential to undergo a transformation into endometrial cells for reasons that

Appl. Sci. 2023, 13, 10509. https://doi.org/10.3390/app131810509 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app131810509
https://doi.org/10.3390/app131810509
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://doi.org/10.3390/app131810509
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app131810509?type=check_update&version=1


Appl. Sci. 2023, 13, 10509 2 of 22

are currently unknown [4]. The peak incidence occurs between the ages of 25 and 35, but
the disease can also occur in lower age groups. Diagnosis of the condition is not always
immediate and may often involve a prolonged diagnostic journey [5].

Endometriosis can be asymptomatic. When symptomatic, it usually manifests with
pelvic pain, especially in the peri-menstrual phase, painful menstruation (dysmenorrhea),
pain during sexual intercourse (dyspareunia), urinary urgency, hematuria or pain during
defecation, sometimes together with the presence of blood in the faeces [1].

The updated 2022 guidelines of the European Society for Human Reproduction and
Embryology (ESHRE) recommend using both ultrasound and magnetic resonance imaging
(MRI) as first-line diagnostic testing. It is important to be aware, however, that negative
imaging does not exclude the disease. If strong clinical suspicion persists, patients are
directed to a laparoscopic examination with diagnostic and therapeutic purposes [6].

Several studies in the literature have confirmed the accuracy of MRI in the diagnosis
of deep infiltrating endometriosis (DIE) and in the evaluation of its extension.

A prospective study by Bazot et al. showed a sensitivity and specificity of the technique
of 90.30% and 91%, respectively [7].

In a further study, performed at the University of Udine, 44 women with clinical or
ultrasound suspicion of pelvic endometriosis underwent MRI and then an operational
laparoscopy. The results showed a 95% match between the proposed extension of the
disease in MRI and the confirmed staging at laparoscopy; this shows that MRI plays a
fundamental role, as a non-invasive diagnostic examination, in the assessment of the extent
of the disease in patients who are candidates for surgery [8].

The modern therapeutic management of endometriosis involves a medical and/or
surgical approach, although in recent years, new treatment and management proposals
have been considered. For instance, interventional radiology has played a role in the
management of selected cases of endometriosis predominantly of the abdominal wall with
ablative procedures. Cryoablation in these cases offers advantages over surgery, especially
with regard to the reduction in intra and post-procedural pain [9,10].

The aim of this review is to summarize the typical and atypical localizations of the
disease using post-operative imaging to focus on the role of MRI as the technical protocol,
and to provide a conclusion projected towards new discoveries and new applications in
the field of diagnosis and treatment of endometriosis.

2. Indications for MRI

Nowadays, in the literature there is no consensus on the indications of MRI for patients
dealing with pelvic disorders in premenopausal age. MRI is often required in cases of
dysmenorrhea, dyspareunia, difficulty conceiving, evaluation of chronic pelvic pain, or
unrecognized adnexal masses [11]. However, the most relevant indication for MRI in this
age range remains the evaluation and staging of deep pelvic endometriosis¸ defined as at
least one structure involved, such as the uterosacral ligaments, vagina, rectosigmoid colon,
rectovaginal septum or bladder, for a distance of 5 mm or more.

In the literature, the value of MRI as a first-line clinical technique, compared to
transvaginal ultrasound, is not confirmed [12]; in fact, several studies underline that the
first approach method in the evaluation of suspected endometriosis should remain trans-
vaginal ultrasound, especially for ovarian and bladder endometriosis and for rectosigmoid
endometriotic lesions [13].

MRI is able to recognize past hemorrhagic content in endometrioma, and owing to its
large field of view (FOV), spatial resolution and contrast imaging, can identify multiple
dislocated endometrial implants [14]. It is, therefore, often requested as a second-line
technique in the case of still symptomatic patients without any ultrasound findings [15], for
patients undergoing surgery for pre-operative staging and mapping of the implants, or in
case of difficult diagnosis [16]. Only a few recent studies suggest the use of MRI as a triage
test in the diagnosis of rectosigmoid colon endometriosis and as a first-line examination in
women with a high suspicion of intestinal endometriosis [17].
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2.1. Procedure and Patient Preparation

There is no consensus regarding patient preparation [11]: fasting is the most suggested
for evaluation of DIE imaging for at least three to six hours before the exam. It is also
recommended to refrain from voiding for 1 h before the MRI, so as to reach a correct angle
of the uterus and displace the small bowel [14], and to improve the detection of small
implants in the anterior compartment. An extremely filled bladder could in fact cause
spastic movements of the detrusor muscle with consequent artifacts [8].

Bowel preparation before the examination is not routinely suggested. When required,
it consists of two doses of an oral laxative the day before imaging, or an enema; the patient
should also follow a low-residue dietary regimen on the day before and on the day of the
MRI [18].

The supine position is recommended, but for those who suffer from claustrophobia,
the prone position is accepted [19].

Just before the MRI, it is recommended to perform an injection of 10 mg or 20 mg
of butylescopolamine, an anti-peristaltic agent, to reduce bowel peristalsis. Intravenous
administration is preferred to intra-muscular [20].

Vaginal opacification is considered an option in the valuation of deep pelvic en-
dometriosis. Some studies describe a better visualization of small implants in the middle
compartment, while others do not find any advantage. Usually, when performed, 20 mL of
sonographic gel is infused into the vagina to distend the fornix [12]. Rectal opacification is
suggested as an option: some studies consider this practice as useless and uncomfortable
for the patient, causing movement artifacts and an increase in bowel peristalsis, which may
cause blurring of the images. Moreover, the non-dilated colon above may become spastic.
In addition, bowel wall retracting, a valuable sign of the presence of an endometriotic lesion,
is likely to disappear when the rectum is distended [20]. Regarding timing, some authors
underline the need to perform the exam between the 8th and 12th day of the menstrual
cycle so as to obtain a spontaneous T1-weighted imaging (T1WI) signal intensity of blood
in the days before the exam [21]. Others argue that it is best to perform the exam in the
post-ovulatory phase to aid interpretation, while others suggest avoiding the menstrual
phase due to the thickness of the junctional zone leading to inappropriate diagnosis [22].

2.2. Technical Requirements and Protocols of Acquisition

A 1.5 Tesla (T) or more MRI system is strongly recommended. Only a few centers have
published some interesting analyses using a 3.0 T, but there is still a lack of information
on the comparison of the images obtained by the two systems and, therefore, there is no
recommendation for using a specific device or another [23].

Pelvic phased array coils give a higher signal-to-noise ratio (SNR) than a body coil;
some centers use endocavitary coil in addition to the pelvic array, although this is not
convenient in terms of costs and acceptability [24].

The MRI protocol consists of a T2-weighted imaging (T2WI) sequence without fat
suppression [7], which is considered the best for detecting pelvic endometriosis implants.
At least two orthogonal planes must be performed (sagittal and axial). An axial T2WI
acquisition from the renal hila to the pubic bone, allowing the visualization of kidneys and
the right iliac fossa, should be recommended. In addition, a thin oblique section 2D T2WI
sequence may be used to detect uterosacral and parametrial implants [25].

Three-dimensional T2WI sequences are reported as a potential option in some studies.
In fact, some authors describe a new technique called “CUBE”, a coronal single-slab 3D
fast spin echo T2WI MRI able to reduce time acquisition with superior image quality and
better 3D reconstruction (multi-planar reconstruction). These improvements are similar to
2D fast spin echo T2WI MRI in the evaluation of DIE locations [24].

T1WI MRI sequences with or without fat suppression are recommended for the study
of adnexal endometriosis and for active foci of DIE [26,27].
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There is no recommendation regarding diffusion-weighted imaging (DWI) sequences, but
some authors suggest that it can be performed to differentiate endometriomas from hemor-
rhagic cysts, with lower apparent diffusion coefficient (ADC) values in the endometriomas [23].

There is no consensus on the use of intravenous contrast agent in the evaluation of
DIE, but it is recommended as an “option” in the evaluation of adnexal endometriosis; it
can be useful for recognizing abdominal wall endometriosis, or in the differentiation of an
endometrioma from a luteal ovarian cyst or tubo-ovarian abscess due to an intense wall
enhancement [28,29].

Some authors show that it can be useful to recognize mural nodules, which are
probably malignant in ovarian lesions [30]. Finally, in patients with the simultaneous
presence of endometriosis and pelvic inflammatory disease, a strong wall enhancement
within an adnexal mass is useful to distinguish the two pathologies.

Recently, few studies reported the utility of using T2-star-weighted imaging (T2*WI)
to better characterize endometrioma: this sequence is highly sensitive for hemosiderin as it
can detect the hemosiderin deposits in endometrioma caused by ectopic endometrium’s
cyclic hemorrhage, appearing hypointense. This hypointensity can be classified into four
types of patterns: eggshell, nodular, multinodular, and planar all along the cyst walls.

Consequently, hypointensity in T2*WI can be useful in distinguishing endometrioma
from mucinous cystadenomas [31].

With regard to artificial intelligence (AI), several studies have recently demonstrated
the role of AI in increasing diagnostic and research efficacy and outcome prediction in
endometriosis; a recent literature review analyzed the most recent published studies on
endometriosis and AI, identifying six major categories to build diagnostic and predictive AI
models (biomarkers, such as plasma biomarkers of menstrual cycle, miRNA, components
of endometrial fluid, clinical symptoms, genetic variables and metabolite spectra, and MRI),
showing a good diagnostic and predictive capacity in assessing endometriosis [32].

Another recent review compared two algorithms of AI medical image segmentation
and the nursing care given to patients in pre- and post-surgical assistance. The results
show how the new algorithm proposed is more specific and more sensitive to helping
radiologists detect ovarian endometriosis by speeding up the process of diagnosis, nursing
assistance and recovery of the patients, and also reducing the incidence of post-operative
complications [33].

3. Localization

Endometriosis manifests mainly in three patterns: superficial peritoneal lesions (SUP),
ovarian endometriomas (OMA) and deep infiltrating endometriosis (DIE). In the case of
DIE, there are implants, usually multiple, that infiltrate the tissues more than 5 mm from
the surface of the peritoneum or in the case of organs, such as the bladder or intestine,
reaching the muscularis propria. Generally, the symptoms are more severe [34].

It is very common that an extended condition of deep endometriosis is associated with
ovarian endometrioma, an adenomyosis condition, and the infiltration of endometrial cells
into the myometrium (the smooth muscle forming the wall of the uterus) [35].

There are also atypical and extremely rare localizations of endometriosis (lungs, pleura,
liver, post-operative scars, inguinal region, or even the brain), which require a careful
evaluation [36].

Below we will illustrate the main sites of endometriosis implantation in order to
provide the radiologist with a “map” that can help in correct MRI reporting (Table 1).

3.1. Superficial Peritoneal Lesions (SUP)

Superficial endometriosis is the most common form of endometriosis and is present in
at least 8 out of 10 women diagnosed with endometriosis.

The lesions are located superficially on the peritoneum and across pelvic organs like
ovaries and uterine ligaments.
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Table 1. The table schematically represents the main localizations of DIE, MRI sign and their
appearance in each of the sequences [7,8,14,16].

Localization MRI Sign MRI Findings
Ovary Ovarian endometrioma T1 high signal multiplicity Multiple high signal cyst on T1WI

T2 shading Marked gradation or shading on T2WI

T2 dark spot sign Well-defined markedly hypointense foci
within the cyst on T2WI

Deep infiltrating
endometriosis

Posterior
cul-de-sac-obliteration Hypointense nodular lesions (T1/T2WI)

Soft tissue thickening with irregular,
indistinct or stellate margins (T1/T2WI)

Elevated posterior vaginal fornix on
T1/T2WI

Intestinal /rectum tethering towards
uterus on T2WI

Fibrotic plaques or nodules covering the
serosal surface of the uterus on T2WI
Retrouterine fibrous mass on T2WI

Torus uterinus T2WI low-intensity thickening or mass
with regular/irregular margins

Ovary Kissing ovary Bilateral ovaries located on top of the uterus

Round ligament Thickened and irregular with a
nodular appearance

Rectosigmoid colon Mushroom cap Focal thickening of the rectal wall
Bladder

vescico-uterine space Hypointense nodules on T1/T2WI

Extra pelvic
endometriosis Abdominal wall

Hypointense solid mass on T2WI
with/Without hyperintense hemorrhagic

cyst on T1WI
Diaphragmatic Hyperintense nodules on T1WI

Compared to deep endometriosis, women have less marked symptoms and medical
therapy may be sufficient to control symptoms and ensure a good quality of life [37].

Flat lesions are not easy to detect with MRIs, except if they present hemorrhagic
components detected as hyperintense on fat-suppressed T1WI or T1WI. When even an
MRI is not adequately sensitive to screen superficial endometriosis, diagnostic laparoscopy
followed by histological confirmation remains the gold standard [38].

3.2. Deep Infiltrating Endometriosis (DIE)

DIE occurs if the endometrial tissue has penetrated at least 5 mm beyond the surface
of the peritoneum. It is the most aggressive form of endometriosis, often associated with a
symptomatology that may not benefit from medical therapy alone. DIE is often associated
with conditions of infertility. The role of the radiologist and the MRI, in this case, is to
provide indications to the surgeon on the location of the lesions and their extension in order
to correctly plan surgery.

Recently, the ENDOVALIRM group has examined the literature and has established
an MRI lexicon consensus in the management of DIE [39].

According to them, the pelvis should be divided into the following nine compartments,
with each one containing specific structures:

- Right and left anterolateral compartments: distal round ligament;
- Anterocentral: proximal round ligament and bladder;
- Right and left mediolateral: parametrium, ureter, uterine artery and pelvic wall

(external iliac and/or obturator vessels);
- Mediocentral: torus, proximal uterosacral ligaments, posterior vaginal fornix, recto-

vaginal septum, anterior mesorectum and external adenomyosis;
- Right and left posterolateral: distal uterosacral ligaments, sacro-rectal-genital septum

and pelvic wall (sacral roots, sciatic nerve, internal iliac vessels);
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- Posterocentral: rectum and rectosigmoid junction.

They also assigned a tenth compartment to extrapelvic lesions (sigmoid colon, cecum,
ileum, appendix, extrapelvic ureters, abdominal wall and inguinal regions).

In our review, we focus on the main structures involved in DIE, specifically on related
symptomatology and MRI appearance.

3.2.1. Bladder and Urinary Tract

Urinary tract endometriosis affects up to 15% of women with DIE and the bladder is
the most frequently involved, especially the bladder dome, followed by the vescico-uterine
pouch and the bladder base [14,39,40].

Apart from pain, women with endometriosis of the urinary tract may experience the
following symptoms: dysuria, urgency, frequency and, in some cases, hematuria [41].

Transvaginal ultrasound and MRI are the methods of choice for a correct diagnosis
and evaluation of disease extension; in particular, the MRI plays a predominant role in
preoperative planning [40].

The most common sign of MRI is a diffused or localized bladder wall thickening
involving the muscularis layer; more rarely, lesions infiltrate the mucosa and protrude into
the lumen [41].

In order to perform a correct evaluation, the bladder must be at a degree of repletion
suitable for the correct study of its walls and its lumen: those nodules or masses are
responsible for the loss of the normal hypointense signal of the muscularis layer on T2WI.
Hemorrhagic content may also be seen as hyperintense foci on T1WI, and it is also possible
to observe hyperintense cystic areas on T2WI [7,14] (Figure 1).
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Figure 1. Localization of endometriosis in the vesico-uterine pouch in a 42-year-old female. (A) Sagittal
T2WI (black arrow); (B) Sagittal fat-suppressed T1WI (white arrow); (C) Coronal T2WI (black arrow).

In the case of a mural mass protruding into the lumen, mucosal or submucosal edema
is well depicted on T2WI [40].

From the perspective of a surgical approach, it is necessary to assess the distance
between the lesion and the ureteral meatus. In fact, the involvement of the ureters requires
a more aggressive approach, which in severe and extensive cases leads to ureteral resection–
reimplantation or even nephrectomy. Ureters may appear dilated caused by either extrinsic
compression or intrinsic infiltration [42].

3.2.2. Round Ligaments

The round ligaments are rope-like bands of connective tissue that hold the uterus
in place. There is one on either side, and their proximal attachment is the antero-lateral
uterine serosa, which then terminates in the mons pubis through the inguinal canal. In
normal conditions, they present a low intensity signal on T2WI [39].

Endometriosis may cause thickening of round ligaments. On an MRI, the lesions
demonstrate low signal intensity associated with small cystic areas on T2WI and high-
signal-intensity spots of hemorrhagic components on T1WI.
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In other cases, the involvement of the round ligament can be appreciated as irregular
contours with a nodular aspect [43] (Figure 2).
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female with dysmenorrhea, chronic pelvic pain, dyspareunia and dyschezia. (A) Sagittal T2WI.
Evidence of external anterior adenomyosis and plaque of the vesico-uterine pouch (white arrow);
(B) Sagittal T2WI. Retrocervical localization of DIE (white arrow); (C) Axial T2WI. Left uterosacral
ligament (USL) localization (white arrowhead), plaque of vesico-uterine pouch (white arrow) with
involvement of the round ligaments, particularly on the left (white dotted arrows), and adhesions
with the ovaries (retraction of the broad ligaments).

The surgical approach can vary according to the proximal or distal involvement [39].

3.2.3. Torus Uterinus and Sacrouterine Ligaments

The uterosacral ligaments, also known as rectouterine ligaments, extend from the
uterus to the sacrum; specifically, they are attached to the cervix creating the torus uterinus
and posteriorly to the presacral tissues [43]. The ligaments consist of smooth muscle,
connective and adipose tissue, and they are a common site of endometriosis associated
with dyspareunia.

In the literature, there is still a high variability regarding the diagnostic presentation of
disease in the uterosacral ligaments, which is likely to lead to an over-diagnosis at that level.

Bazot et al. and the European Society of Urogenital Radiology (ESUR) consider the
irregular margins, thickening and asymmetry as parameters of diagnosis, while Kinkel et al.
referred to a specific thickness (>9 mm) as a criterion for endometriotic involvement [11].

Rousset et al. and the ENDOVALIRM group, in order to avoid false positive findings,
prefer to use the following morphologic abnormalities in at least two planes as criteria
of disease: asymmetry between each other, irregular or nodular margin, a spiculated or
retracted aspect, and/or thickness of more than 5 mm. In the case of hemorrhagic spots, a
diagnosis is made without any other alteration needed [39].

On T2WI, a hypo/isointense signal compared to myometrium may indicate the pres-
ence of endometriosis. Hemorrhagic foci corresponding to a high signal on fat-suppressed
T1WI and/or T1WI and cystic alterations may also be seen as hyperintense cavities
on T2WI [14].

Involvement of the proximal portion of ligaments (distance less than 2 cm from the
cervix) may, in some cases, be associated with thickening at the level of the torus uterinus;
in such cases, it is essential to report any mass or thickening in the upper portion of the
posterior cervix, as this could cause the surgeon to proceed with a laparoscopic trans-
vaginal approach [7] (Figures 2–4).

In patients with retroflexion of the uterus, evaluation of the cervical uterosacral liga-
ment insertion may be particularly difficult at MRI.
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Figure 4. Retrocervical endometriosis plaque, intestinal localization, kissing ovaries with bilateral
ovarian endometriomas. (A,B) Axial T2WI; (C) Coronal T2WI. Hypointense retrocervical plaque
(white arrowhead in (A)) localized in the uterine torus with involvement of the utero-sacral ligaments.
Adhesions involve both ovaries with bilateral endometriomas (white arrows), which are prolapsed in
a retro-uterine position and adhered to the utero-sacral ligaments and the recto-sigmoid junction.
There is also an eccentric anterior parietal thickening in the recto-sigmoid junction suggestive of
intestinal endometriosis lesion (white dotted arrow in (A)).

3.2.4. Rectovaginal Septum

Endometriosis of the rectovaginal septum is often associated with the involvement of
uterosacral ligaments, torus uterinus, posterior vaginal fornix and rectum [44].

A gynecological examination with vaginal exploration is sometimes the first step in
recognizing the presence of palpable or visible plaques at this level [45].

With an MRI, it is possible to detect nodules or masses located between the vagina
and the rectum, below the peritoneal reflection, with hypointense signal on T2WI, and with
cystic components [7].

It is also important for detecting the involvement of the posterior fornix of the vagina,
to allow for optimal surgical planning. Nodule or thickening of the posterior vaginal wall
are the main signs of endometriosis localization detected with MRI [39].

In more extensive disease, it is possible to observe uterine retractile retroflexion and
adhesions, which may result in frozen pelvis: a distortion of pelvic anatomy in which
organs are attached together and cannot move freely or be separated during surgery.

3.2.5. Rectosigmoid Colon

The presence of endometriosis nodules in the context of the rectal wall generally causes
pain (dyspareunia and chronic pain localized posteriorly), dyskinesia and proctorragia, the
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intensity of which depends on the degree of infiltration. Sometimes, rectal endometriosis is
associated with an extensive involvement of the recto-vaginal septum with fibrosis that
fills the Douglas pouch [41].

In more than half the cases, rectal lesions are associated with a second intestinal
localization.

The rectum and rectum–sigmoid junction are the most involved sites due to their
intraperitoneal position and proximity to the uterus and ovaries [35]. Other intestinal
localizations will be described in the following paragraph on atypical localizations.

On an MRI, lesions appear as irregular thickness or nodules within the intestinal serosa
or muscularis propria, hypointense at T2WI. They rarely affect the submucosa or the mu-
cosa, and if infiltrated, we can observe edema and swelling in the area [7] (Figures 5 and 6).
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Figure 5. External adenomyosis and intestinal endometriosis localization in 49-year-old female with
story of multiple laparoscopy surgery. Sagittal T2WI shows a hypointense ill-defined subserosal
mass in the posterior myometrium with hyperintense foci (long white arrow), suggestive for external
adenomyosis, that cause retracting phenomena towards the anterior wall of the rectum. Additionally,
there is deep endometriosis of the posterior compartment with hypointense nodule involving the
serous and muscular layers of the anterior wall of the rectum (short white arrow).
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What is also important for the radiologist to report, besides the depth and length of
the plaques, is the distance between the lesion and the anal margin, as this can affect the
type of surgery to be conducted [46]. In severe cases, the MRI shows a circular involvement
resulting in a clinical condition of occlusive or sub-occlusive stenosis [47].

4. Ovarian Endometrioma

The endometrioma, also known as “chocolate cysts”, develops when superficial en-
dometriotic lesions invade the surface of the ovaries. As a result, the blood produced at
each menstrual cycle fails to flow properly and accumulates in the context of the ovary,
forming a cyst that can grow over time reaching up to 10–20 cm in exceptional cases.

They are often responsible for adhesions and, therefore, dislocation and fixity of the
ovaries. The typical symptoms of an endometriosis cyst are pain and dysmenorrhea. In
some cases, the presence of cysts interferes with proper ovulation, leading to reduced
chances of conception and/or an increased risk of ectopic pregnancy [48,49].

Rupture of an endometrioma is considered a medical emergency with severe pain,
dark blood loss from the vagina, fever, nausea, and vomiting.

Treatment can be pharmacological or surgical. Typically, small cysts require a medical
approach, while large cysts require surgery [50].

On an MRI, endometriomas appear as cystic lesions with different signal characteristics
according to the age of the blood and the type of hemoglobin present.

Generally, they appear hyperintense on fat-suppressed T1WI and T1WI (Figures 7 and 8).
The hyperintensity on fat-suppressed T1WI helps differentiate endometriomas from der-
moid cyst and teratoma, which usually contain fat [51]. On T2WI, a variable signal can
be obtained: a hypointense signal can affect variable portions of the cyst, sometimes also
presenting a stratification, until a complete loss of the signal. This is called the shading
sign and is correlated to the different state of hemoglobin degradation [52] (Figure 8). The
T2 dark spot sign refers to hypointense spots in the wall of the cyst due to the presence of
macrophages (Figure 9).
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Figure 7. Ovarian endometrioma in a 37-year-old female. (A) Axial T1WI; (B) Axial fat-suppressed
T1WI. Typical aspect of an ovarian endometrioma (white arrows).

Contrast agents may exclude the presence of enhancing nodules that can be indicative
of malignant transformation. MRI is also a valuable aid in achieving a proper differential
diagnosis between endometrioma and other ovarian cystic lesions, such as mature cystic
teratoma, hemorrhagic cyst, cystadenoma, cystadenofibroma and malignant cystic neo-
plasm. We can distinguish the main ovarian cystic lesions based on the following magnetic
resonance characteristics [53].
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Figure 8. Right tubo-ovarian endometriosis in a 25-year-old female patient with reported localized
abdominal pain in the right iliac fossa, which increases intensity during the menstrual cycle. (A) Axial
T2WI; (B) Axial fat-suppressed T1WI. Enlarged right adnexal cyst with incomplete septa denoting
dilated tube (white arrows). The cystic content shows low signal intensity on T2WI and high signal
intensity on fat-suppressed T1WI, consistent with hemorrhagic fluid.
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Figure 9. Diffuse internal and external adenomyosis in a 37-year-old female. (A) Sagittal T2WI;
(B) Axial T2WI. Diffuse internal adenomyosis as demonstrated by diffuse hypertrophy of the JZ (white
arrowhead in (A,B)), subserosal hypointense ill-defined mass in the posterior myometrium consistent
with external adenomyosis (white dotted arrows in (A,B)), with associated deep endometriosis of
posterior compartment. Left endometrioma with T2 dark spot sign (white arrow in (B)).

Mature cystic teratoma is macroscopically characterized by a multicystic mass con-
taining hair, teeth, and/or skin. Occasionally, a solid component known as Rokitansky’s
nodule can be observed within it [54,55]. The abundant presence of adipose tissue allows
for a differential diagnosis from endometriomas, as a signal reduction will be observed in
sequences with adipose signal suppression [56].

Hemorrhagic ovarian cysts (HOCs) develop when bleeding occurs within a folli-
cle or follicular cyst. On an MRI, hemorrhagic cysts exhibit high signal intensity on
pre-contrast fat-suppressed T1WI and low signal intensity on T2WI. They do not show
enhancement after gadolinium administration [54]. In some cases, a correct differential
diagnosis can be aided by considering the patient’s clinical presentation, which may involve
acute abdominal symptoms, contrasting with the chronic and cyclic pain associated with
endometriomas [57].

Cystadenoma and cystadenofibroma are benign ovarian tumors that can exhibit either
serous or mucinous characteristics. They may manifest as cystic formations containing
fluid or hematic contents, accompanied by the presence of septations and/or enhancement
of the cyst wall following contrast administration [56,58].

Malignant cystic neoplasm typically demonstrates signal intensity distinct from fat
and blood, and they may be accompanied by features such as lymphadenopathy, abdominal
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effusion, and peritoneal implants. The clinical presentation and laboratory tests can also
resemble those of a malignant condition [57,59].

5. Adenomyosis

Adenomyosis is a disease characterized by the presence of endometrial tissue (glands
and stroma) in the context of the myometrium. It is much more common in pluripares
and in women undergoing surgery of the uterus [60]. Generally, women complain of
extremely severe pain during menstruation and suffer from abdominal cramps, abundant
and irregular menstruation, fertility problems and adverse pregnancy outcomes [61,62].

Over the years, authors have proposed different classifications that could collate the
different facets of adenomyosis. Among the most recent and complete classifications is the
one proposed by Kobaiashi et al., which specifically selected five parameters to describe
the disease: (1) the affected area (internal adenomyosis or external adenomyosis); (2) the
pattern (diffuse or focal); (3) the size; (4) the location; and (5) the concomitance of other
localization of endometriosis or other gynecological pathologies [63].

In order to discuss internal endometriosis, it is essential to introduce the concept of the
junctional zone. The junctional zone represents the intermediate layer of the myometrium,
which typically exhibits a low signal intensity on T2WI sequences, and appears as a
continuous structure under normal physiological conditions [64,65]. The thickness of the
junctional zone can vary throughout a woman’s life based on factors such as age and
hormonal therapies. Additionally, it undergoes slight changes on a monthly basis in
accordance with the different phases of the menstrual cycle [66,67].

The agreement among the authors is that a thickening of the junction zone (>12 mm)
serves as an indirect indication of internal adenomyosis. Nevertheless, according to the
recent literature, this particular sign cannot be considered conclusive evidence of the disease
on its own. It is, therefore, advised to assess two additional parameters for a comprehensive
evaluation [68]:

- The parameter known as “ratiomax” corresponds to the ratio between JZmax and the
total thickness of the myometrium, with a value exceeding 40% typically considered
an acceptable diagnostic parameter [68];

- The parameter called “JZ differential” (JZdiff) measures the maximum and minimum
thickness difference between the anterior and posterior uterine walls, where a value
greater than 5 mm is indicative [68].

The aforementioned criteria serve as indirect indicators that can aid radiologists in re-
porting cases of internal adenomyosis (Figure 9). On the other hand, direct criteria include
the observation of cystic areas (hyperintense on T2WI) and/or hemorrhagic foci (hyperin-
tense on fat-suppressed T1WI and T1WI) within the inner layer of the myometrium [67,69]
(Figure 10).

The ENDOVALIRM group considers external adenomyosis as part of mediocentral
localization of DIE, both in anterior and posterior subtypes. The external adenomyosis
corresponds to an extrinsic involvement of the outer myometrial layers. It is more common
that external adenomyosis involves the posterior compartment in association with a severe
involvement of the rectum–vaginal space [39].

On T2WI, an irregular thickening of the subserosal myometrium is observed, some-
times in association with hyperintense spots that correspond to cystic components. Another
fundamental criterion is the presence of blood components, which can be evaluated in the
sequences weighed on T1 [69,70] (Figures 5 and 9).

However, there are instances where adenomyosis can be localized, known as ade-
nomyoma. It is crucial to accurately differentiate adenomyosis from uterine fibroids, as
fibroids often cause more noticeable distortion of the uterine contour and exhibit greater
differentiation from the surrounding myometrium. This distinction may also be aided by
the presence of a pseudocapsule in fibroids [71].
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Figure 10. Focal internal adenomyosis and focal uterine contraction in 36-year-old female with
dysmenorrhea, chronic pelvic pain, dyspareunia and dyschezia. (A) Sagittal T2WI; (B) Sagittal T2WI;
(C) Sagittal fat-suppressed T1WI. Isolated subendometrial cyst with hemorrhagic content without
JZ hypertrophy (white arrow), consistent with focal internal adenomyosis, and a transient uterine
contraction in the anterior myometrium (white dotted arrow in (A)).

It is also important for differential diagnosis, even with transient uterine contractions.
During uterine contractions, a temporary localized area of decreased signal intensity can
occur along with thickening of the junctional zone. This natural process may mimic the
appearance of focal or diffuse adenomyosis. If there is uncertainty regarding the nature of
a bulge or a region of low intensity in the myometrium, it becomes the responsibility of
the radiologist to repeat the imaging after an appropriate interval, typically within 20 to
45 min [72,73] (Figure 10).

On T2WI, adenomyoma presents as an ill-defined hypointense mass within the en-
dometrial wall generally without involving the junctional zone. It may present a hetero-
geneous aspect due to the high-intensity cystic components (on T2WI) or hemorrhagic
cavities > 5 mm (hyperintense on T1WI) [71] (Figure 11).
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Bazot et al. proposed a classification based on the three main subtypes of adeno-
myoma: (1) intramural adenomyoma; (2) submucosal adenomyoma; and (3) subserous
adenomyoma [74].

Intramural adenomyoma can manifest in two variants: the solid variant and the cystic
variant. The cystic variant is characterized by a higher presence of fluid and, in some
instances, even hemorrhagic components. It is less common compared to the solid variant
and tends to occur more frequently in women over 30 years of age [75].

The submucosal adenomyoma appears instead as an ill-defined mass that can protrude
into the uterine cavity, resembling a polypoid mass. The subserous adenomyoma, on the
other hand, is characterized by a poorly defined mass with small cystic elements located in
the subserosal region [67,76].
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6. Atypical Site

Extrapelvic endometriosis is extremely rare and is generally associated with extensive
pelvic involvement. The diagnosis is often delayed over the years because the symptoms
are non-specific and, in any case, the definitive confirmation is often only obtained with
post-operative histological analysis [77]. The catamenial nature of the symptoms, a cyclical
pain, worsening during the menstrual cycle may suggest diagnosis, especially in young
women when other more common differential diagnoses were excluded [78].

6.1. Soft Tissues Localization

Abdominal endometriosis is often associated with a cutaneous scar from a gynecologic
procedure, notably from a cesarean section. Lesions are generally located in subcutaneous
soft tissues or inside the muscle layer [79] (Figure 12).
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Figure 12. C-section scar endometriosis in a 38-year-old female with subcutaneous nodule causing
increasing pain during menstrual cycle. (A,B) Axial T2WI, T1WI. Nodular hypointense lesion with
spiculated margins in subcutaneous soft tissues of abdominal wall; (C) Axial fat-suppressed T1WI.
The lesion shows small hyperintense foci; (D) Axial T1WI post-contrast medium. The lesion shows
homogenous contrast enhancement (white arrows).

The patient often realizes the presence of a mass or an abnormal thickening at the site
of the scar. Ultrasound is generally the first level diagnostic test, useful to exclude much
more common alterations such as lipomas or hernias, followed by a magnetic resonance
exam [80].

MRI increases the specificity for diagnosis while detecting hemorrhagic spots within
the fibrotic tissue.

The other atypical site of cutaneous endometriosis is the umbilicus, followed by the
inguinal region [81].

In the literature, there are also much rarer cases of disease localization within the
context of striated muscles. For example, Chiaramonte et al. described the case of a 38-year-
old woman with endometriosis of the external oblique muscle, complicated by the onset of
deep venous thrombosis of the iliac vein [82].
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The risk of such localizations, especially if asymptomatic or associated with nonspecific
symptoms, is the delay in diagnosis and consequently in disease management, with the
risk of developing complications [83].

6.2. Gastrointestinal Localization

The bowel is the most common extragenital site in about a third of women with DIE.
The associated symptoms can be multiple and nonspecific, such as constipation, diarrhea,
melena, hematochezia, tenesmus, abdominal discomfort or meteorism. Excluding the
rectum and the rectosigmoid junction, the most affected sites are the appendix, cecum and
distal ileum. The enteric nodules generally leave the mucosa intact [84].

6.3. Thoracic Endometriosis

Thoracic and pleuric endometriosis are the most frequent extrapelvic manifestations,
which are called thoracic endometriosis syndrome (TES). The pleuric disease could manifest
as pneumo/hemo-thorax or pneumomediastinum associated with chest pain, dyspnea
and sometimes hemoptysis. The pulmonary form of the disease presents as catamenial
hemoptysis, pulmonary nodules or diaphragm foci [85] (Figure 13).
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Figure 13. Diaphragmatic endometriosis in a 33-year-old female with right shoulder pain during
menstrual cycle. (A) Axial T1WI out of phase; (B) Axial T1WI in phase; (C) Axial fat-suppressed
T1WI; (D) Axial T2WI. Atypical localization of endometriosis at the level of diaphragm on the right.
The lesion has high signal intensity on T1WI and on T2WI due to hemorrhagic content (white arrows).

Pericardial endometriosis is reported only in a few cases in the literature.

6.4. Neural Involvement

There are also cases of involvement of peripheral nerve plexuses of the pelvic region,
such as sciatic, obturator, femoral, and pudendal nerves and their branches (Figure 14).

MRI is the best imaging modality to investigate neural involvement [78].
Endometriosis lesions in the central nervous system are even rarer [86].
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Figure 14. Localization of the left sciatic nerve and para-uterine endometriotic nodule in a 43-year-olf
female with a previously diagnosed endometriosis and surgery approach, accepted at the emergency
department for reported left lumbar pain, which radiates to the left side and is associated with
episodes of vomiting. (A) Coronal T2WI. Involvement of peripheral nerve plexuses of the pelvic
region (sciatic nerve) appearing as a hypointense plaque (white arrow); (B) Coronal fat-suppressed
T1WI. The lesion shows small hematic foci (white arrow); (C) Axial T2WI. Para-uterine endometriotic
nodule (white dotted arrow) shows variable intensity ranging from low intensity (referred to as
shading) to intermediate or high intensity; (D) Axial T1WI. Para-uterine endometriotic nodule with
hyperintense signal (white dotted arrow).

7. Post-Operative Imaging

Treatment approaches have to be assessed based on multiple factors.
Medical therapy is definitely the first-line therapeutic option for patients with man-

ageable pelvic pain and no desire for immediate pregnancy. It consists of combined oral
contraceptives, progesterone or estrogen. In the second line, analogs of GnRH can be used.
Medical therapy also includes specific pain medications and can often be a combination
of drugs [87].

On the other hand, surgery is necessary in case of symptoms not controlled by medical
therapy, massive or growing endometriomas, infertility or important involvement of the
abdominal organs with high risk for systemic complications. In women with infertility, the
opportunity for assisted reproduction technologies before performing surgery should be
considered [88].

The approach is generally laparoscopical with minimally invasive techniques, and it
consists of the identification and removal of endometriotic foci and the restoration of the
correct pelvic anatomy [35].

The laparotomy approach is reserved for rare cases where lesions are much more
extensive.

Post-operative MRI can be useful both to document the success of the surgery with
normal post-operative findings and to highlight some paraphysiological conditions such
as the presence of fibrosis, adhesions or even alterations of the pelvic anatomy that can
contribute to symptoms or disorders. It is also possible that a CT scan or MRI may be
necessary to assess post-operative complications or the presence of recurring or residual
disease [89].

In this paragraph, we will explore the main signs in post-operative imaging in order
to provide the radiologist with an indication to evaluate MRIs of women with extensive
and complex endometriosis undergoing surgery (Figures 15 and 16).
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Figure 15. Para-uterine fluid collection in a 43-year-old female who underwent several gynecological
surgeries for deep infiltrative endometriosis. (A) Axial T2WI. Compartmentalized hyperintense collec-
tion in the left para-uterine area after pelvic surgery (white arrow). (B) Coronal T2WI. Endometriotic
localization of the vescico-uterine pouch (black arrow).
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of life of patients [92]. 
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Figure 16. Localization of endometriosis in the left parametrium and ureteral stenosis in 49-year-
old female who underwent supracervical hysterectomy, bilateral salpingectomy and mild vaginal
bleeding and abdominal pain. (A) Axial T2WI; (B) Sagittal T2WI. Endometriotic localization of the
left parametrium (white arrow), with irregular margins and heterogeneous signal intensity. Tractions
towards the sigmoid colon, left pararectal fascia, anterior pelvic peritoneal reflection and adnexa.
Ureteral stenosis caused by the parametrial plaque (dotted arrows in (B)). (C) Axial T2WI; (D) Axial
fat-suppressed T1WI. Endometriotic nodule of the left pelvic wall (white arrow).

According to Chamié et al., the first pelvic post-operative MRI should be performed
after 6 months. It could be anticipated in selected cases of women who are undergoing
medically assisted procreation for infertility [89,90].

One of the main challenges for the radiologist is to make a correct differential diagnosis
between post-operative fibrosis and recurring/residual disease.

MRI can highlight the difference between these two conditions: fibrotic scars or
plaques appear as bands of hypointensity on T2WI, without areas of cystic degeneration,
blood foci (hyperintense in T1WI) or even nodular thickenings that are otherwise typical
signs of endometriotic lesions [89].
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The posterior compartment is the most involved in cases of DIE and therefore often a
location of surgical resections.

MRI after surgery may show an alteration of the physiological morphology of the
pelvis due to the presence of adhesions and sometimes because of the obliterations of
anatomical spaces and pouch without a fat tissue interface between the bladder, uterus,
vagina and rectum [91].

Thinning of the uterine or vaginal wall may also be observed; this alteration can lead
to an increased risk of perforation or rupture of the aforementioned organs.

The surgical management of intestinal endometriosis is a prerogative of both gynecol-
ogy and general surgery. A careful pre-operative evaluation is essential to plan the best
possible surgery, in order to be as radical as possible without compromising the quality of
life of patients [92].

As described above, endometrial lesions tend to be located primarily in the rectal or
sigmoid tract. Resections can be segmental, discoid, or more extensive.

The presence of free intraperitoneal fluid or gas associated with severe symptomatol-
ogy may indicate post-operative complications such as perforation or fistula.

Surgery for the treatment of endometrioma should also be mentioned.
Some studies have also documented the possible reduction in the reserve of oocytes;

therefore, the patient must be informed, and appropriate assessments must be carried out
in pre-operative planning [48].

On an MRI, the ovary treated may appear smaller than the contralateral one. Hy-
pointense alterations on T1WI and T2WI may indicate fibrotic sequelae, which can lead to
adhesions and dislocation of ovaries [93].

The residues of the disease lead to the regrowth of the endometriotic cyst in the same
place where it was removed.

In the case of recurrence, endometrioma may occur in the same ovary or in the
contralateral one [94].

To conclude, for the urgent management of early post-operative complications, con-
trast CT scans provide the radiologist with an initial assessment. The most worrying
conditions include hemorrhage, infection, and visceral perforation, as well as abscesses,
signs of tubo-ovarian inflammation, and the existence of abdominal free gas [95].

Cystography CT or a CT urography protocols are also suitable for assessing compli-
cations of the anterior compartment, such as a fistula between the bladder and vagina or
laceration of the bladder or ureters.

8. Conclusions

The aim of our study is to report the importance of MRI for the diagnoses of en-
dometriosis, both for its usual locations and for the unusual ones, such as thoracic and
pleuric endometriosis or neural involvement.

For the diagnostic process, it is fundamental to have an adequate protocol in order
to detect the lesions, including a T2-weighted sequence in at least two orthogonal planes
(sagittal and axial), a T1-weighted sequence with or without fat suppression to detect
adnexal endometriosis and active foci of deep infiltrating endometriosis, and a T2-star-
weighted imaging sequence for the detection of hemosiderin.

Furthermore, the evolving role of AI in the diagnosis of endometriosis is a promising
avenue. In fact, it could be a valuable tool to assist radiologists in identifying and character-
izing lesions, showcasing the substantial impact on clinical practice in terms of accuracy
and efficiency.
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