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Endometriosis affects between 5 and 45% of women in repro-
ductive age, is associated with significant morbidity, and consti-
tutes a major public health concern. The correct diagnosis is
fundamental in defining the best treatment strategy for endo-
metriosis. Therefore, non-invasive methods are required to obtain
accurate diagnoses of the location and extent of endometriotic
lesions. Transvaginal sonography and magnetic resonance imag-
ing are used most frequently to identify and characterise lesions
in endometriosis. Subjective impression by an experienced
sonologist for identifying endometriomas by ultrasound showed a
high accuracy. Adhesions can be evaluated by real-time dynamic
transvaginal sonography, using the sliding sign technique, to
determine whether the uterus and ovaries glide freely over the
posterior and anterior organs and tissues. Diagnosis is difficult
when ovarian endometriomas are absent and endometriosis
causes adhesions and deep infiltrating nodules in the pelvic or-
gans. Magnetic resonance imaging seems to be useful in diag-
nosing all locations of endometriosis, and its diagnostic accuracy
is similar to those obtained using ultrasound. Transvaginal ultra-
sound has been proposed as first line-line imaging technique
because it is well accepted and widely available. The main limi-
tation of ultrasound concerns lesions located above the rec-
tosigmoid junction owing to the limited field-of-view of the
transvaginal approach and low accuracy in detecting upper bowel
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lesions by transabdominal ultrasound. A detailed non-invasive
diagnosis of the extension in the pelvis of endometriosis can
facilitate the choice of a safe and adequate surgical or medical
treatment.

� 2014 Elsevier Ltd. All rights reserved.
Introduction

Endometriosis is estimated to affect between 5% and 45% of women of reproductive age, is asso-
ciated with significant morbidity, and constitutes a major public health concern [1,2]. Symptoms of
women with pelvic endometriosis are chronic pelvic pain, dysmenorrhoea, dyspareunia, dyschezia,
urinary symptoms, and infertility. [3]

Three different forms of endometriosis exist: ovarian endometriosis (endometrioma), peritoneal
endometriosis and adhesions, and deep endometriosis. Pelvic endometriosis, especially in severe
stages, is strongly associated with adenomyosis, which plays an important role in causing dysme-
norrhoea, menorrhagia, and infertility in women with endometriosis.

Ovarian lesions are the most frequent localisation of endometriotic tissue, causing typical ovarian
cysts. Deep infiltrating endometriosis (DIE) is defined as an endometriotic lesion infiltrating the
peritoneum and penetrating into the retroperitoneal space or thewall of the pelvic organs to a depth of
at least 5 mm [4], and affects between 4 and 37% of women with endometriosis. These different forms
of presentation are likely to have different imaging patterns, which may cause specific imaging diag-
nostic problems. Several systems scores have been used to stage the extension of endometriosis in
relation to different locations inside the pelvis. The most common system used to evaluate the disease
is the revised classification system of the American Society of Reproductive Medicine (rASRM), which
followed the American Fertility Society (AFS) score [5]. As with other systems, this classification does
not consider adenomyosis as part of the disease, which remains after surgical treatment of extra-
uterine lesions, with persistence of symptoms related to pelvic endometriosis.

The interval between the onset of first symptoms and clinical diagnosis of endometriosis is about 7–10
years [6]. Themaindiagnosticproblems forendometriosis are thedetectionof thedisease, especially in the
absence of an endometriotic cyst or in the case ofminimal lesions, and also the evaluation of the extent of
the disease. The patient’s history and symptoms, a pelvic examination, along with the experience of the
sonographer or radiologist, could improve diagnostic accuracy in the diagnosis of pelvic endometriosis.

The correct diagnosis is fundamental to defining the best treatment strategy for endometriosis;
therefore, non-invasivemethods are required to obtain accurate diagnoses of the location and extent of
endometriotic lesions. Two imaging modalities are used most frequently to identify and characterise
lesions in endometriosis: transvaginal sonography and magnetic resonance imaging.

Transvaginal ultrasonography has been proposed as the first line-line imaging technique because it
allows extensive exploration of the pelvis; it is well accepted and widely available.

Magnetic resonance imaging (MRI) is used as a second-line of investigation in the study of the
female pelvis. The role of MRI in the evaluation of endometriosis, especially DIE, has been widely
demonstrated. MRI is carried out in selected women according to the outcome of transvaginal ultra-
sound imaging and the severity of symptoms. Many investigators have studied the role of MRI in the
evaluation of deep implants located in the anterior compartment, recto-vaginal septum, posterior
vaginal fornix, and bowel wall, especially for the lesions located above the rectosigmoid junction.

Other diagnostic procedures, such as rectal sonography, barium enema, or computed tomography
urography play complementary roles in the identification of endometriosis, depending on the site
affected, and could be useful in the choice of surgical approach. Transabdominal ultrasound is not
accurate in detecting endometriosis, mainly because of bowel gas and adhesions that may reduce the
ability to evaluate the pelvic organs. In particular, DIE mostly has retroperitoneal or bowel lesions,
which are difficult to see with transabdominal ultrasound probes [7].

A detailed non-invasive examination of the pelvis to assess the extension of the endometriosic
lesions can facilitate the choice of a safe and adequate surgical or medical strategy [4].
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Endometrioma

Diagnostic imaging and implications for treatment

The correct diagnosis of an endometrioma is important because an association exists between
endometrioma, endometriosis, and chronic pelvic pain and subfertility. Moreover, an endometrioid
adenocarcinoma or clear-cell carcinoma may develop in endometriomas [8–10].

Transvaginal sonography has dramatically improved the ability to diagnose ovarian lesions,
providing reliable criteria and indications for surgery [11,12]. The bizarre echogenicity of some endo-
metriomas can erroneously suggest malignancy and vice versa. Therefore, diagnostic criteria to
distinguish ovarian endometriomas from other ovarian lesions seem to be of utmost importance.
Endometriomas were treated in the past mostly by surgical excision. In cases of recurrence, surgery
was repeated, subsequently causing great problems on ovarian reserve. For ovarian endometriosis,
first-line treatment is medical treatment and surgery carried out only in cases of suspected malignancy
or persistence of symptoms and infertility [13].

Ultrasound features

Endometrioma
Ultrasound characteristics of endometriomas have been described in several studies, and an

attempt has been made to define their typical ultrasound features [14–16]. The ‘typical’ endometrioma
is a unilocular or multilocular (less than five locules) cyst, with homogeneous low-level echogenicity
(ground glass echogenicity) of the cyst fluid. Because endometriomas are usually poorly vascularised,
power or color Doppler ultrasound examination might help to achieve a correct diagnosis [17]. (Fig. 1).
Morphologic features other than the ‘typical’ ones have also been described [17]. Guerriero et al. [17]
and Dogan et al. [18] were the first to conduct studies to characterise these atypical endometriomas.
The algorithm by Guerriero et al. [17] defines an endometrioma as either a unilocular cyst with ground
glass echogenicity and no to moderate vascularisation (‘typical’ endometrioma) (Fig. 1) or as a uni-
locular cyst with ground glass echogenicity and papillary projections (protrusion of solid tissue into the
cyst lumen with a height of 3 mm or more), and no flow inside the papillary projection (‘atypical’
endometrioma). In fact, these are not true papillations of solid tissue but images created from blood
clots or fibrin lying adjacent to the cyst wall, showing a more regular surface and round shape of the
protrusion (Fig. 2).

According to the algorithm by Guerriero et al. [17], a unilocular cyst with ground glass echogenicity
and strong vascularisation or a unilocular-solid cyst with ground glass echogenicity and a papillary
projection with detectable flow or strong vascularisation are classified as non-endometriomas.
Fig. 1. Typical ultrasound appearance of an ovarian endometrioma: a unilocular cyst with ground glass echogenicity and little to
moderate vascularisation. Note the normal ovarian tissue around the cyst.



Fig. 2. Atypical ultrasound appearance of an ovarian endometrioma: a unilocular cyst with ground glass echogenicity, internal
papillation and no vascularisation in the papillary projection. This is not a true papillations but hyperechoic tissue consisting of
blood clots or fibrin lying adjacent to the cyst wall.
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Almost 50% of the endometriomas had other ultrasound characteristics than the typical ‘unilocular
cyst with ground glass echogenicity of the cyst fluid’.

The rule: ‘premenopausal status, ground glass echogenicity, one to four locules and no papillations
with detectable blood flow’ characterise endometriomas reasonably well, but not as well as subjective
impression [19]. Serum CA-125 levels are not generally useful in distinguishing endometriomas from
other benign tumours and malignancies [19]. They could possibly help to distinguish endometriomas
from other benign lesions [13].

In addition, ultrasound appearance of endometriomas differ between pre- and post-menopausal
women. Endometriomas in the postmenopausal women are less frequently unilocular cysts, and
are less likely to exhibit ground glass echogenicity [19]. Instead, they are more often multilocular-
solid tumours, and more frequently exhibit anechoic cyst fluid or cyst fluid with mixed
echogenicity.

Endometriomas may be misinterpreted, potentially because of the complex echotexture, thick
walls, and solid echogenic appearance of haemorrhagic clots within the endometrioid cystic cavity,
which mimic different dermoid cyst patterns or malignancy. Also, some hyperechoic solid masses (e.g.
fibroids and fibrothecomas) can be misdiagnosed as endometriotic cysts. Inversely, some endome-
triomas can bemistaken for serous cysts, dermoids, and suspected ovarian malignant tumours. The use
of colour or power Doppler detecting the presence, number, and distribution of vessels in the solid
echogenic protrusions of the cyst wall seems to be useful in differentiating endometriomas from
malignant lesions [10,16,17]. Unfortunately the use of colour Doppler evaluation has some limitations ,
because it requires optimal colour Doppler settings, a high quality of the colour Doppler function of the
ultrasound equipment used and an experienced ultrasound examiner. Therefore, the absence of vas-
cularisation does not guarantee that the cyst is benign.

The clinical rule that considers endometrioma a cyst with ground glass echogenicity 1-4 septa, with
no solid parts, in a premenopausal woman, is useful in most clinical settings because it allows the
examiner to skip the colour Doppler assessment of the mass. This clinical rule has almost as good
discriminatory power as the statistically optimal rule, but its sensitivity is lower [19]. Finally all the
principal rules have a sensitivity ranging from 62–73%, a specificity of 94–98%, and a positive predictive
value of 76–89% [19]. Subjective impression by an experienced sonologist was better for identifying
endometriomas (positive predictive value 88.5%, positive likelihood ratio 30.2, sensitivity 81%, speci-
ficity 97%) [10,19]. This is probably because the ultrasound examiner uses other available clinical in-
formation (e.g. pain and dysmenorrhoea) when suggesting a diagnosis, taking into account other
ultrasound findings.
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Endometriomas and malignancy

Subjective impression can lead to the misclassification of malignancies as endometriomas in 0.2–
0.9% of cases [10,11,19]. Ultrasound characteristics of endometriomas differ in pre- and postmenopausal
women. Masses in postmenopausal women, whose cystic contents have a ground glass appearance,
have a high risk of malignancy.

Endometriomas could serve as precursors of endometrioid borderline ovarian tumours. Endome-
trioid borderline ovarian tumours have the potential to progress to low-grade invasive carcinoma.
Although clear-cell borderline ovarian tumours have been associated with endometriosis, a stepwise
molecular pathway for the progression of endometriosis to clear carcinoma has not yet been identified
[20].

Borderline tumours and carcinomas arising from endometrioid cysts show a vascularised solid
component at ultrasound examination (Fig. 3). The presence of typical sonographic features for ovarian
malignant lesions suggests that benign endometrioid cysts and malignant and borderline tumours
arising from endometriosis might be easier to assess by an expert ultrasound examiner compared with
normal ovarian masses [9]. This is not the case with ovarian cysts found during pregnancy, were dif-
ferentiation between borderline tumours and decidualised endometriotic cysts can be more difficult.
Ultrasound examiners should always take into account the phenomenon of decidualisation, which is a
major contributory factor to incorrect diagnosis in pregnant women [21]. Most decidualised endo-
metriomas (82%) were described as manifesting vascularised rounded papillary projections with a
smooth contour in an ovarian cyst with one or more cyst locules and ground glass, or low level
echogenicity of the cyst fluid [22].
Fig. 3. Three-dimensional ultrasound and power-Doppler image of an endometrioid borderline tumour. Note the irregular papil-
lations and the vascularisation in the papillary projections. These are true papillations composed of borderline malignant solid
tissue.
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Endometriomas and tubal pathology

Where endometrioma or pelvic endometriosis are present, the salpinges can also often be affected
by the disease. Adhesions can alter the normal tubal course or occlude the tube, and endometriotic foci
can affect the tubal walls. Consequently, a sactosalpinx can be observed near the endometrioma. The
typical aspect is a dilated Fallopian tube with thick walls and incomplete septa, seen as a cogwheel-
shaped structure (‘cogwheel’ sign) and visible in the cross-section, with a fluid-dense content [23].
Sometimes, the chronic disease can cause a hydrosalpinx with the typical ‘beads-on-a-string’ sign,
defined as hyperechoic mural nodules measuring about 2–3mm and seen on cross-section of the fluid-
filled distended structure [23]. (Fig. 4). The presence of hydrosalpinx in infertile women is an indication
for surgical removal of the Fallopian tubes [24]. It is important to assess tubal status in cases of
endometrioma or DIE by ultrasound.

Endometriosis that affects the ovary and Fallopian tubes can create a tubo–ovarian complex, in
which the ovaries and tubes are identified and recognised, but the ovaries cannot be separated by
pushing the tube with the vaginal probe. Rarely, the normal architecture of one or both the adnexa and
tubes cannot be recognised, and a conglomerate of endometric cysts form; however, neither the ovary
nor the tubes can be separately identified [23].
Magnetic resonance imaging features

Endometrioma

Magnetic resonance imaging for endometriotic ovarian cyst is requested in selected cases if ul-
trasound outcome is inconclusive, if malignant transformation is suspected, or both. It presents a high
specificity in diagnosing endometriomas (98%) [25], owing to its ability to characterise haemorrhage.
‘Shading’ is a specific sign of endometrioma; it is caused by old blood products, which contain
extremely high iron and protein concentrations. These haemorrhagic cysts typically show high signal
intensity on T1-weighted images and variable low signal intensity on T2-weighted images. Shading
varies from a faint signal to a no signal at all. Solid components, clots, thick septa, and fluid-fluid levels
Fig. 4. Ultrasound image from a womanwith hydrosalpinx attached to the left ovary with a small endometrioma and the right ovary
with a larger endometrioma adherent posteriorly to the uterus and to the left tubo-ovarian complex.
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may also be observed at MRI [26]. In these cases, the investigation should be completed with contrast-
enhanced sequences to assess the risk of neoplastic transformation.
Tubal endometriosis

Hyperintense tubal fluid seen on T1-weighted images, with or without evidence of endometriosis
elsewhere in the pelvis, is suggestive of hydrosalpinx associated with endometriosis. On T2-weighted
MRI scans, signal intensity within the fallopian tube is generally high owing to the typical signal in-
tensity of an endometrial cyst, which displays moderate to marked shading. Haematosalpinx has been
reported to be an indicator of pelvic endometriosis, and may be the only imaging finding indicative of
endometriosis [27].

Adhesions

Diagnostic imaging and implications for treatment

Ovarian endometriomas are frequently associated with other endometriotic lesions [28], such as
adhesions and DIE, which are not easy to diagnose. Underestimation of extensive adhesions in women
with endometriomas before surgery is one of the main reasons why surgery is often incomplete [28],
leading to repeat operations.

Advances in endoscopic surgery have permitted laparoscopic treatment of ovarian cysts that pre-
viously required laparotomy [29] and, at present, laparoscopic management of ovarian endometriosis
is the technique of choice. Adhesions and DIE lesions, however, remain the most important limitation
in the surgical treatment of endometriosis [29]. This limitation obviously differs according to the
surgeon’s experience and skill. It seems important, therefore, that preoperative patient selection
should be managed according to pelvic extension of the disease. Women with severe disease and
extensive adhesions could, therefore, be referred to centres of excellence to ensure complete surgical
excision, which requires particular laparoscopic surgical skills and experience [30].
Ultrasound evaluation

Endometriosis is often associatedwith the presence of pelvic adhesions. Ultrasound diagnosis in the
evaluation of pelvic adhesions in the presence of ovarian endometriosis is a diagnostic challenge. This
diagnostic impasse is particularly evident when ovarian endometriomas are absent and endometriosis
causes adhesions and small nodules in the pelvic organs, which are difficult, if not impossible, to detect
by ultrasound. It has been reported that peritoneal disease and adhesions are more common than
ovarian disease [31]. Therefore, in women who are infertile or have chronic pelvic pain, and in the
absence of ovarian endometriomas, it is important to look for sonographic signs of adhesions. Only a
few studies have attempted to assess the ability of transvaginal sonographic examination to detect the
presence of pelvic adhesions inwomenwith pelvic endometriosis, and to assess their severity [32–35].

Normally, the uterus and ovaries are mobile and do not adhere to the surrounding tissues by
palpation with the probe, abdominal palpation with the hand, or both. Movement of these organs can
be seen on ultrasound (sliding sign). Usually, palpationwith the probe, or abdominal palpationwith the
hand, can cause the ovaries or the uterus to adhere to adjacent structures (e.g. broad ligament, pouch of
Douglas (POD), bladder, rectum, and parietal peritoneum). In this case, adhesions can be suspected.
Sometimes, in the presence of pelvic fluid, fine septa (adhesions) can be seen between the ovary, the
endometrioma, the uterus, or the peritoneum of the POD [33,35]. Endometrioma are usually fixed
posteriorly to the uterus, in the POD. The cause of this, especially in cases of bilateral endometrioma, is
that both ovaries are fixed posteriorly to the uterus and have adhered to the controlateral ovary (kissing
ovaries) (Fig. 5)

To assess stages of the disease in the pelvis, the revised American Fertility Society classification for
endometriosis [5] includes the presence and extension of adhesions, endometrioma size, and POD
obliteration. Deep endometriotic lesions are not included in this classification.



Fig. 5. Ultrasound image of bilateral endometriomas with both ovaries adherent to each other (kissing ovaries) and posteriorly to
the uterus.
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Recently, preoperative diagnosis of partial or complete obliteration of the POD has been described
[36–39]. The POD is examined using real-time ultrasound imaging to determine the presence or
absence of POD obliteration using the sliding sign. To assess the sliding sign, gentle pressure is placed
against the cervix with the transvaginal probe to establish whether the anterior rectum glides freely
across the posterior aspect of the cervix (posterior cervical region) and posterior vaginal wall.

A number of studies have been conducted on the accuracy of transvaginal sonography for the
diagnosis of ovarian adhesions. Classification of the severity of ovarian adhesions as either minimal,
moderate or severe, in accordance with the rAFS classification, is rare [5]. Okaro et al. [33] found that
preoperative transvaginal sonographic ‘soft markers’ (i.e. site-specific tenderness and reduced ovarian
mobility) and ‘hard markers’ (i.e. endometrioma, hydrosalpinx) in women with a history of chronic
pelvic pain correlated with the presence or absence of endometriosis and adhesions at laparoscopy.
Preoperative transvaginal and transrectal ultrasound have also been used to predict Stage 3 and 4
endometriosis (including pelvic adhesions) at laparoscopy, with a sensitivity and specificity of 86% and
82%, respectively, for Stage 3 and 76% and 91%, respectively, for Stage 4 disease [35]. Guerriero et al. [32]
used a technique of applying pressure between the uterus and ovary, and found that a combination of
three features are suggestive of ovarian adhesions: blurring of the ovarian margin; the inability to
mobilise the ovary on palpation (fixation); and an increased distance from the probe. Sensitivity and
specificity of 89% and 90%, respectively, were reported for fixation of the ovaries to the uterus.

The real-time preoperative dynamic transvaginal ultrasound examination of POD obliteration, using
the sliding sign technique, seems to be useful in identifying women at increased risk for bowel
endometriosis. Hudelist et al. [38] reported that a negative sliding sign on transvaginal sonography
predicted DIE of rectum, with a sensitivity of 85%, specificity of 96%, and an accuracy of 93.1%. Reid et al.
[39] reported a sensitivity and specificity of 83.3% and 97.1%, respectively, for prediction of POD
obliteration.

Magnetic resonance imaging evaluation

Adhesions can be problematic in the evaluation of endometriosis. At MRI, adhesions may some-
times be identified as spiculated low-signal-intensity stranding on T1- and T2- weighted images with a
different thickness. Often, only indirect signs of adhesions are present. These include angulation of
bowel loop, skip of bowel diameter, elevation of the posterior vaginal fornix, posterior displacement of
the uterus, ovaries, or both, loss of fat planes between the structures, hidrosalpinx, and loculated fluid
collection. Kataoka et al. [40] reported a mean sensitivity of 77.8%, a mean specificity of 50.0%, and a
mean accuracy of 76.3% for the detection of adhesions.

The use of MRI in the evaluation of endometriosis may, therefore, be difficult, and will require
experience and specific training in pelvic imaging. The distortion of the structures and the hyper-
peristaltism of the bowel can cause diagnostic problems in visualising adhesions during MRI.
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Deep infiltrating endometriosis

Diagnostic imaging and implications for the treatment of endometriosis

Deep infiltrating endometriosis is the most severe form of endometriosis. It is associated with
infertility or pain symptoms, including chronic pelvic pain, dysmenorrhoea, dyspareunia, dysuria, and
dyschezia [4]. A wide spectrum of symptom severity exists, and the stage of endometriosis at lapa-
roscopy is poorly correlated with the extent and severity of pain, often resulting in misdiagnosis or
delay in diagnosis [3]. This is the case with DIE, as symptoms are not specific [2,3]. Bimanual pelvic–
gynaecologic examination may suggest the presence of DIE by the identification of tender nodules and
fibrosis in the cul de sac, but it has poor accuracy in determining the extent of disease [3,36]. The
current gold standard for a definitive diagnosis of endometriosis remains surgical evaluation with
histological confirmation, even if deep retroperitoneal localisations have been missed on laparoscopy.

Laparoscopy, in the case of advanced extension of DIE, is a difficult procedure, with a high rate of
complications. Therefore, medical treatment is the first choice, and surgery is only recommended in
the presence of severe symptoms.

Knowledge before surgery of the anatomical position, size, number of DIE nodules, depth of infil-
tration of the nodules, and degree of stenosis of the bowel lumen, can help in planning the surgical
procedure, in the provision of appropriate counselling to women who undergo the procedure, and in
the choice of the right surgical team. For the surgical treatment of DIE, this will include a gynaecologic
endoscopic surgeon with particular skills in DIE resection, a urologist and colorectal surgeon
depending on the lesions site, or both. In the case of posterior DIE, when the recto-sigma is infiltrated
by endometriotic tissue, the bowel is so retracted that even the upper segments can adhere to the
posterior wall of the uterus, with complete disruption of normal anatomy. It is, therefore, difficult to
distinguish between the rectum and sigma. From a surgical point of view, it is important that diagnostic
imaging determinates the lowest limit of the nodule on the bowel wall, as the lower rectal lesions are
more difficult to remove surgically by shaving or segmental resection, and have a higher complication
rate.

Infiltration of the mucosal layer does not determine whether or not segmentary resection should be
carried out; this decision more likely depends on the diameters of infiltrating tissue and the lumen
stenosis it causes [4].

A systematic evaluation of the urinary tract inwomenwith endometriosis is recommended because
the prevalence of endometriotic lesions in the urinary tract may be underestimated [41]. Endometri-
osis of the ureter usually stems from endometriosis of the pelvic foci and ovarian endometriosis [41,42].
Extrinsic and intrinsic endometriosis are involved in the ureters: extrinsic represents 75–80% of cases,
and is defined as the presence of endometrial tissue in the outer adventitia of the ureter. This occurs as
a nodule encasing the ureter; intrinsic endometriosis represents 20–25% of cases, and is defined as the
presence of endometrial tissue in themucosal, muscular layer of the ureter, or both. Diagnostic imaging
may show direct signs (e.g. a nodule or mass in the ureter along its course, and dilatation of the pelvic
ureteral tract), or an indirect (e.g. ureteropelvic hydronephrosis superior to the suspected lesion). In the
case of extrinsic compression, ureterolysis can be carried out, whereas a ureteral segmental resection
and re-anastomosis is indicated in cases of intrinsic localisation of the disease. Therefore, an accurate
evaluation of the urinary tract with computed tomography orMRI urography is mandatory if suspected
ureteral involvement is found on transvaginal sonography.

Endometriosis is a chronic disease, and medical treatment, often combined with surgery, is the
treatment of choice. Fedele et al. [43] showed that, in women who had previously undergone con-
servative surgery for endometriosis without excision of deep lesions further treated with levonor-
gestrel intrauterine device (LNG-IUD), dysmenorrhoea, which had beenmoderate or severe in all cases,
during treatment were absent. Other medical options, such as vaginal danazol (200 mg/day) were also
tested on dysmenorrhoea and dyspareunia after surgery for DIE, showing a consistent and significant
improvement in painful symptoms [44]. In a recent study of estroprogestin therapy, Mabrouk et al. [45]
reported that combined oral contraceptive therapy may have a role to play in restraining the pro-
gression of dysmenorrhoea and dyspareunia, and the growth of deep endometriotic nodules. It has also
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been shown recently that medical treatment performed significantly better in relieving pain inwomen
without DIE compared with women with recto-vaginal lesions [46].

It seems, therefore, that as much detail as possible about the spread and localisation of the disease
are needed by the surgeon and clinician responsible for medical treatment. The careful evaluation of
clinical and diagnostic imaging findings gives clinicians the opportunity to decide the best surgical
approach, the possible need to involve surgical specialists other than a gynaecologic surgeon (e.g.
colorectal surgeon or urologist), so that management of the disease can be tailored correctly, and
patients can be informed of the extent of their disease and the therapeutic options available.
Ultrasound evaluation of deep infiltrating endometriosis

Transvaginal sonography can evaluate all potential locations of DIE in the anterior (bladder) or
posterior–lateral compartment. These include the rectovaginal septum, uterosacral ligaments, torus
uterinum (i.e. tissue behind the cervix in the mid-sagittal plane between the uterosacral ligaments),
posterior vaginal fornix, rectum and rectosigmoid junction, and parametria and ureteral involvement.

Endometriotic nodules of the bladder and the rectum can be evaluated with a transvaginal probe
and, if necessary, a transrectal examinationwith the same convex probe can be carried out. During the
transrectal examination, a fluid contrast medium can be inserted into the vagina (Fig. 6) to better
visualise the recto-vaginal septum.

Transabdominal ultrasound does not accurately detect DIE, mainly because bowel gas reduces the
ability to evaluate abdominal retroperitoneal or small bowel lesions, which are difficult to detect with
transabdominal ultrasound probes. Only endometriotic nodules of the abdominal wall can be easily
evaluated by a high-frequency transabdominal probe.

Deep nodes appear as hypoechoic lesions, linear or nodular retroperitoneal thickening with
irregular borders, and few vessels at power Doppler evaluation [47–50].

Women with suspected endometriomas associated with deep endometriosis, in particular those
with a frozen pelvis or recto-vaginal or bladder nodules, should fist undergo a detailed examination of
the pelvis to evaluate the anatomy of the uterus and the adnexa, both in the sagittal and horizontal
plane, with gentle probe movements to assess the presence of adhesion between them. Transvaginal
sonographic examination is based on a detailed evaluation of organ and tissues dividing the pelvis in
the anterior and posterior compartment according to the DIE classification by Chapron et al. [51].
Fig. 6. Sonovaginography: visualisation of the vagina with transvaginal probe positioned in the rectum. The vagina is filled with
saline solution through a Foley catheter with its balloon placed in the lower part of the vagina; note the wall of the vaginal posterior
fornix, the cervix in the vagina, the recto-vaginal septum, and the retrocervical nodule of deep infiltrating endometriosis not
invading the vagina but infiltrating the lower part of the rectal wall and the left uterosacral sacral ligament.
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Deep infiltrating endometriosis of anterior compartment (bladder)
Patients are asked not to empty their bladder completely before a transvaginal scan. The slightly

filled bladder improves visualisation of the structure of the walls and presence of endometriotic
nodules. Nodules appear as round shaped lesions, with or without cystic areas, with regular and
irregular margins of the bladder wall, bulging towards the lumen most frequently on the posterior
bladder wall close to the vesico-uterine pouch (Fig. 7). Bladder adhesions of the vesico-uterine pouch
are evaluated by the presence or absence of the ‘sliding sign between the uterus and the bladder.
Bladder endometriosis is considered only in cases of infiltration of the bladder wall and not in cases of
adhesions or superficial peritoneal implants on the bladder serosa.

Deep infiltrating endometriosis of the posterior–lateral compartment
Transvaginal and transrectal sonography (if needed) can be used to assess the vagina accurately,

particularly the areas of the posterior and lateral vaginal fornixes, the retro-cervical area with torus
uterinum, uterosacral sacral ligaments, the parametria laterally, and the recto-vaginal septum. In the
case of endometriotic lesions of uterosacral ligaments and homolateral parametria, special attention
needs to be paid to ureteral evaluation in the paracervical tract. To assess rectal wall infiltration, if
suspected, transrectal evaluation with the transvaginal probe could be carried out. Special attention
has to be paid to the pain felt by the women so that a careful evaluation of all the painful sites can be
carried out by gently pressing the probe (‘tenderness-guided’ ultrasonography) [52]. Ultrasound
findings are presented below.
Fig. 7. Ultrasound image of an endometriotic bladder nodule. The slightly filled bladder makes it possible to see the irregular
margins of the hyperechoic lesion bulging into the lumen of the bladder, infiltrating the posterior bladder wall and the vesico-
uterine pouch (hands). The nodule is attached to the uterine anterior wall (a). The same bladder lesion evaluated by power
Doppler showing only few vessels inside the lesion (b).
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Vagina. In the vagina, nodular thickening of the posterior vaginal fornix takes place, which does not
become thinner with probe compression. The insertion of saline solution into the vagina (sonovagi-
nography) can improve visualisation of these lesions [53]. (Fig. 6) An increase in the amount of ul-
trasonographic gel inside the probe’s cover can also improve visualisation of the vaginal walls and
posterior and anterior fornix [52]. The low reported accuracy of transvaginal sonography in detecting
vaginal endometriosis [36,47] confirms that digital gynaecological examination could be a better
alternative to transvaginal sonography. In the recto-vaginal septum, nodules replacing the normal
hyperechoic aspect of the tissue between the vagina and the rectum are present below the horizontal
plane passing through the lower border of the posterior lip of the cervix [47].

In the torus, a nodular image with irregular margins behind the cervix is found in the mid-sagittal
plane. The endometriotic lesion in uterosacral ligaments is visible near the insertion on the posterior
lateral cervix wall, as a nodule with regular or stellate margins or as hypoechoic linear thickening.

In cases of endometriotic lesions involving the uterosacral ligament, special attention must be paid
to the parametrium and to the pelvic ureteral evaluation, particularly in the paracervical area. Para-
metria are examined lateral to the uterine cervix firstly on the sagittal planes moving the probe from
the lateral sites where the parametrium is attached to the cervix, to the uterine vessels bifurcation, to
the lateral pelvic wall, and then on the transverse planes moving the probe from the uterine isthmus to
the external cervical orifice. Parametrial involvement is seen as an infiltrating hypoechogenic irregular
tissue, and can be medially delimited from the cervical vascular plexuses using colour or power
Doppler.

Ureter. Pelvic ureteral dilatation can be easily seen by transvaginal sonography as a tubular anechoic
image (Fig. 8) with or without movements in the parametrial tissue, similar to a blood vessel but with
negative Colour or power Doppler signs. In the case of extrinsic compression without stenosis of the
ureter, the transvaginal sonographic diagnosis is more difficult. The distal part of the ureter can be
identified adjacent to the bladder trigon, and followed laterally to the cervix, to the pelvic brim and to
the level where it crosses the common iliac vessels [54]. An extrinsic compression alsowithout ureteral
dilatation could be suspected in cases inwhich a DIE lesion is located close to the ureter. The hypothesis
of ureteral involvement suggests a specific and accurate evaluation at the time of surgery, and, in these
cases, transabdominal ultrasound to evaluate the renal pelvis should be added.

Rectum and recto-sigmoid junction. Rectal sigmoid nodules are visualised as an irregular hypoechoic
mass penetrating into the intestinal wall distorting its normal structure At transvaginal sonography,
Fig. 8. Ultrasound image of a dilated ureter seen by transvaginal ultrasound in a transverse section of the pelvis, as tubular anechoic
structure (arrows) in the parametrial tissue laterally to the uterine cervix.



Fig. 9. Ultrasound appearance of a nodule of deep infiltrating endometriosis in the lower rectum (arrows). Nodules (arrows) located
below the level of a virtual line (red line) passing through the insertion of the uterosacral ligaments on the cervix are considered to
be located in the lower rectum, which are more difficult to be surgically resected compared with upper rectum or recto-sigmoid
junction lesions.

C. Exacoustos et al. / Best Practice & Research Clinical Obstetrics and Gynaecology 28 (2014) 655–681 667
the normal rectal wall layers are seen: the rectal serosa and smooth muscle layer appear as a thin,
hypoechogenic line covered by the rectal submucosa and mucosa, which is visualised as a hyper-
echogenic rim covering the rectal smooth muscle layer [55]. With the posterior uterine wall, intestinal
nodules located below the level of the insertion of the uterosacral ligaments (USLs) on the cervix are
considered low rectal lesions (Fig. 9), whereas the ones above this level are considered upper rectal or
the recto-sigmoid junction lesions (Fig. 10) This virtual line should delimit the plane under the peri-
toneum of the POD and correspond laterally to the parametria and medially to the recto-vaginal
septum. Bazot et al. [47] described a similar plane as the horizontal plane passing through the lower
border of the posterior lip of the cervix, which is lower and does not consider the posterior vaginal
fornix as delimitation of the recto-vaginal septum. The diameters (e.g. longitudinal, transversal and
antero-posterior) of each lesion should be taken; however, often, the irregular border does not permit
accurate measurements to be taken. The distance from the anus can be taken by transrectal sonog-
raphy, evaluating the distance from the anal opening on the outside of the body to the tip of the probe,
positioning the tip of the probe on the endometriotic lesion.

Pouch of Douglas obliteration. Obliteratoin of the Pouch of Douglas s assessed using the sliding sign by
gently exerting pressure on the cervix with the transvaginal probe to evaluate whether the anterior
rectum glides freely across the posterior aspect of the cervix, or by placing the left hand over the
Fig. 10. Schematic and ultrasound image of a nodule of deep infiltrating endometriosis in the upper rectum (arrow). Nodules located
above the level of a virtual line (red line) passing through the insertion of the uterosacral ligaments on the cervix are considered to
be located in the upper rectum or recto-sigmoid junction.
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woman’s lower anterior abdominal wall to ballot the uterus between the palpating hand and trans-
vaginal probe to determine whether the recto sigmoid glides freely over the posterior aspect of the
upper uterus or fundus [38,39].

Recent studies have shown that transvaginal sonography, when carried out by experienced
sonographers, may indeed be a highly valuable test for the detection of DIE [47–50,56,57].

The reported accuracy of the ultrasound diagnosis of DIE varies between studies, which may reflect
the variations in the examination technique, quality of ultrasound equipment, and experience of the
operators. The prevalence of disease is also variable in different studies, which may bias the findings.

Although reported sensitivity and specificity of transvaginal sonography in the prediction of DIE is
high [47–58], evaluation of DIE by transvaginal sonography is difficult and requires expertise. There-
fore, some easily detectable utrasonographic signs have recently been proposed to predict the risk of
the presence of DIE. Real-time dynamic transvaginal sonography evaluation of the posterior
compartment using the ‘sliding sign’ seems to establish whether the pouch of Douglas is obliterated,
and may also be useful in the identification of women who may be at a higher risk for bowel endo-
metriosis [38,39].

Transvaginal sonography has low accuracy in diagnosing the infiltration of the mucosal layer [4].
Also, transrectal ultrasound, which is a valuable tool for detecting rectal endometriosis as endo-
metriotic infiltration of the muscularis layer, is less accurate in assessing submucosal, mucosal layer
involvement, or both [49,59]. Therefore, transvaginal and transrectal sonography does not help sur-
geons in deciding whether or not to perform segmental or discoid resection of the lesion. More likely,
this decision depends on the patient’s symptoms and is also related to the diameters of infiltrating
tissue and the presence of lumen stenosis. It has been reported that adding water-contrast in the
rectum during transvaginal ultrasonography improves the diagnosis of rectal infiltration in women
with rectovaginal endometriosis [60]. Saline solution is injected into the rectal lumen under ultraso-
nographic control through a catheter (Fig.11). Presence of rectovaginal nodules, presence and degree of
rectal infiltration, and the largest diameter of the bowel nodules can be evaluated. The procedure
determines the presence of rectovaginal nodules infiltrating the rectal muscularis propria more
accurately than transvaginal sonography [60]. It can be used when transvaginal sonography cannot
exclude the presence of rectal infiltration. In cases of suspected bowel stenosis based on symptoms and
on transvaginal sonography findings, a barium enema could help decide whether segmental resection
is necessary.
Fig. 11. Water-contrast in the rectum during transvaginal sonography is performed by injecting saline solution into the rectal lumen
during transvaginal ultrasound examination. Note the presence of the deep infiltrating endometriosis nodule bulging into the bowel
lumen. The lesion clearly reduces the rectal lumen. It infiltrates only the muscle layer of the bowel. The lesion is covered by the
hyperechogenic submucosa and hypoechogenic mucosa.
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Magnetic resonance imaging of deep infiltrating endometriosis

Deep infiltrating endometriosis of the anterior compartment (bladder)
Magnetic resonance imaging shows localised thickening of the bladder wall with occasional pro-

trusion inside the bladder lumen. In some cases, an extended plaque of fibrous tissue may invade the
vesico-uterine pouch, completely obliterating it. In these cases, the tissue can be in contact with an
adenomyotic nodule of the anterior wall of the uterus. T2-weighted images on the sagittal plane show
hypointense tissue, irregular borders of the bladder, and sometimes the presence of tiny hyperintense
spots inside the tissue corresponding to cystic glandular dilatation of the endometrial glands. On T1-
weighted images, hyperintense foci may be visualised; this finding is highly specific for the presence of
endometriosis (Fig. 12).

In a study of 195 women with clinical suspicion of endometriosis, Bazot et al. [61] reported MRI
sensitivity of 88%, specificity of 99% (177 out of 179), and diagnostic accuracy of 98% in the diagnosis of
bladder endometriosis.

An important question concerns possible encasement of the distal ureter requiring ureteral reim-
plantation during surgery. Direct invasion of the ureter causes luminal narrowing and may cause
dilatation. Magnetic resonance urography is non-specific. Infiltration of the ureter should be suspected
when the interface of fat between the nodule and the ureter is no longer visible on T2-weighted se-
quences. Hydronephrosis is easy to detect using magnetic resonance urography obtained with either
2D T2-weighted sequences or delayed contrast-enhanced three-dimensional sequences with higher
spatial resolution.

Deep infiltrating endometriosis of the posterior–lateral compartment
Magnetic resonance imagingMRI can evaluate various signs of involvement of endometriosis in this

region: (1) presence of macroscopic endometriosis implants (>5 mm); (2) indirect signs of adhesions,
such as disappearance of the fat tissue plane separating the different structures; (3) direct signs of
adhesions are well displayed on T2 -weighted imaging as hypointense bands, with variable thickness
that result in stretching and distortion of the surrounding organs; (4) uterosacral ligament involve-
ment is suspected in cases of increased and inhomogeneous thickness associated with abnormal
arciform appearance; (5) presence of specific signs of posterior cul-de-sac obliteration: retroflexed
uterus; tethered appearance of the rectum in direction of the uterus; strands between the uterus and
Fig. 12. Magnetic resonance image of infiltrating bladder endometriosis. Sagittal T2-weighted image showing obliteration of vesico-
uterine pouch and abnormal thickening of the posterior bladder wall (white arrow) (a). Axial T1 weighted image demonstrating the
thickened abnormal bladder wall containing tiny hyperintense spots (white arrow). Endometriosis implants are visualised in right
ovary (arrow head) (b).
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intestine; fibrotic plaque covering the serosal surface of the uterus and elevated posterior cervical
fornix [40]; and (6) evaluation of signal intensity of endometriosis lesions is required as it varies ac-
cording to the microscopic characteristics of the ectopic tissue. Signal intensity can present three main
patterns: (1) hypointense signal on both T1- and T2-weighted sequences with hyperintense foci on T2-
weighted sequences, which may indicate fibrosis with glandular spots; (2) hypointense signal on T1-
weighted and T2-weighted images with hyperintense foci on T1-weighted image, which is caused by
haemorrhagic foci within the fibrotic tissue; and (3) hypointense signal in both T1-weighted and T2-
weighted sequences if fibrotic reaction is abundant. This last feature may be missed on MRI or lead to a
differential diagnosis.

The most commonly affected areas are in, decreasing order, the rectosigmoid colon, the appendix,
the cecum, and the distal ileum. The lesions invade from serosa towards the bowel wall until mus-
colaris propria reacts with the hypertrophia and fibrosis. Bowel lesions are mainly fibromuscular, with
occasional foci of T1- and T2-weighted hyperintensity. In these cases, the use of contrastmedia allows a
better distinction between the lesion and the normal bowel wall. Diagnostic criteria of rectal invasion
at MRI include colorectal wall thickening with anterior triangular attraction of the rectum toward the
torus uteri or asymmetric wall thickening of the lower third of sigmoid colon (Fig. 13). Magnetic
resonance imaging sensitivity and specificity of 84% and 99%, respectively, have been reported in a
study of 60 women with intestinal involvement [61]. These values are similar to those obtained using
transvaginal ultrasound imaging in women with lesions located in the rectum. The main limitation of
ultrasound imaging concerns lesions located above the rectosigmoid junction owing to the limited
field-of-view of the transvaginal approach.

Other important data for using MRI relates to the multifocal behaviour of endometriosis. Unifocal
isolated lesions of the intestine are reported in less than 21% of woman with intestinal lesions. The
challenge of MRI, thanks to a large field of view, multiplanar capabilities, and outstanding contrast
resolution, is to evaluate the entire pelvis and abdomen to detect associated lesions. Some conditions,
however, can reduce the quality and sensitivity of magnetic resonance images. One of the most
important conditions is bowel peristalsis, especially in women undergoing MRI to determine the
presence of DIE of the intestine. Peristalsis blurs the bowel contours and adjacent organs, and may
simulate bowel thickening or mask small lesions.
Fig. 13. Magnetic resonance imaging view of bowel endometriosis. (a) Sagittal T2-weighted image shows obliteration of posterior
cul de sac and asymmetric wall thickening of the lower third of the sigmoid colon (white arrows). The endometriotic plaque in-
filtrates the sigmoid colon wall and also the uterine posterior wall, colon and uterus are therefore attached to each other. (b) Sagittal
T1-weighted fat saturation image of the same case shows that the plaque contains hyperintense spots as for the presence of
methaemoglobin suggestive for endometriosis.



C. Exacoustos et al. / Best Practice & Research Clinical Obstetrics and Gynaecology 28 (2014) 655–681 671
Kataoka et al. [40] reported 1.5 Tesla MRI sensitivity, specificity, accuracy, positive and negative
predictive values of 68.4%, 76.0%, 71.9%, 76.6%, 68.5%, respectively, in diagnosing posterior cul-de-sac
obliteration.

Recently, some investigators have reported the role of 3.0 Tesla (3T) MRI in the evaluation of
endometriosis. Pelvic 3T MRI guarantees a high spatial and contrast resolution, providing accurate
information about endometriosis implants and a good pre-surgical mapping of lesions involving
bowels, serosal surface of the bladder, and the utero-sacral ligaments [25,62]. Manganaro et al. [62]
reported 3T MRI mean sensitivity, specificity, positive predictive value and negative predictive value
of 93%, 75%, 93%, 75%, respectively, in diagnosing DIE of the posterior compartment.

New modalities for the study of womenwith chronic pelvic pain are being developed using 3T MRI
as described in a recent study dealing with the feasibility of diffusion tensor imaging and tractography
in abnormalities of the sacral roots [63].
Double-contrast barium enema

Double-contrast barium enema (DBCE) has shown promising results when carried out by expert
radiologists in the preoperative evaluation of women with clinically suspected intestinal (rectal, sig-
moid, cecal) DIE [64]. It does, however, require a low-residue diet for 1 day before the examination,
administration of drugs to empty the colon, and exposure to X-rays The presence of DIE is diagnosed on
DCBE when the bowel lumen is narrowed at any level from the sigmoid to the anus (extrinsic mass
effect) in association with crenulation of the mucosa, spiculation of contour, or both. Intestinal
involvement in pelvic endometriosis that cause lumen stenosis can be evaluated by DCBE, which
performs better than MRI. Its accuracy was reported at nearly 90% (sensitivity 88% and specificity 93%),
with a positive predictive value of 97% [64].

Savelli et al. [65] compared transvaginal sonography and DCBE in the diagnosis of bowel DIE in
terms of presence or absence of the lesion. They reported a sensitivity for ultrasound of 91% and for
DBCE 43%; specificity was 100% and 100%, positive predictive value was 100% and 100%, negative
predictive value was 29% and 6% and accuracy was 91% and 45%, respectively. They found that trans-
vaginal sonography had amuch higher sensitivity than DCBE in detecting the presence of posterior DIE,
and should thus be regarded as the imaging modality of choice when disease is clinically suspected.
The method of choice for evaluating the degree of lumen stenosis present in bowel DIE is DCBE.
Computed tomography

Computed tomography plays a limited role in the evaluation of endometriosis.
Exposure to high levels of radiation and low specificity in the detection of this disease are the main

limits. In selected cases, computed tomography may have a role to play in the evaluation of intestinal
and ureteral endometriosis. In addition to this, computed tomography is the method of choice in the
localisation of other sites of endometriosis, such as endometriosis of the thorax and of the diaphragm.
With abdominal wall endometriosis, MRI is the main tool of imaging to characterise the lesions inside
the umbilicus and the muscles. Also, transabdominal ultrasound with linear high-frequency probes is
be able to see endometriotic lesions of the abdominal wall as hypoechoic tissue with irregular margins
and few vessels.

Recently, some investigators have reported their experience using computed tomography colo-
nography, with similar results to those of MRI. Computed tomography colonography detected luminal
alteration of the rectosigmoid colon, achieving a sensitivity of 96.0% and a specificity of 48.0%
(P < 0.001) in all womenwith rectosigmoid endometriosis, and a sensitivity of 84.0% and specificity of
80.0% (P ¼ 0.005) in women with DIE and cul-de-sac obliteration [66].

Other investigators [67] observed a high sensitivity and specificity in the assessment of the degree
of bowel wall infiltration (sensitivity 100%, specificity 97.6%). In the same study, data relating to ureteral
endometriosis were analysed (sensitivity 72.2%, specificity 100%). The investigators concluded that
computed tomography is an accurate and reproducible technique but has to consider the patients’ age,
and therefore delivers a ‘non-negligible radiation dose’ [67].



C. Exacoustos et al. / Best Practice & Research Clinical Obstetrics and Gynaecology 28 (2014) 655–681672
Multidetector computed tomography enteroclysis urography allows radiologists to
determine whether bowel endometriosis and ureteral compression are present without increasing
the radiation dose imparted to the patient. Biscaldi et al. [68] reported a sensitivity of multi-
detector computed tomography enteroclysis urography in identifying ureteral compression of
97.1%, a specificity of 98.8%, and an accuracy of 99.0%. Preliminary results [69] suggest that
MRI urography is also accurate in differentiating between intrinsic and extrinsic forms of
ureteral involvement; further studies are, however, required to define its role in directing better
treatment.

Recently, some investigators [70] have reported their experience using [18F] fluorodeoxyglucose
(FDG) positron emission tomography (PET) combined with CT (18FGD-PET-CT). In several benign
diseases, measurement of hypermetabolism using FGD reflects the degree of inflammation and
aggressiveness of the disease. In this preliminary study, the investigators did not observe hypermet-
abolic activity caused by endometriosis using 18FDG PET-CT. Because the target is non-specific, 18FDG
for endometrial tissue [70] and the high radiation dose needed for PET-CT are actually limitations of
this examination in young women of reproductive age.
Adenomyosis

Adenomyosis is a common gynaecologic disease characterised by the migration of endometrial
glands and stroma from the basal layer of endometrium into the myometrium, and is associated with
smoothmuscle hyperplasia. Its frequency varies considerably in different studies, oscillating between 5
and 70% [71]. This great variability depends on the criteria used for diagnosis, the average age of the
population studied, and the effort made searching for adenomyosis in the histological preparations
[72].

Typical symptoms of adenomyosis are pain and bleeding, but many women remain asymptomatic.
The diagnosis is usually based on histological findings in surgical specimens. Today, it is today widely
accepted that the only two practical ways to reach a valid pre-surgical diagnosis are MRI and trans-
vaginal sonography.

The cause of adenomyosis is unknown, but interesting theories have considered adenomyosis a
pathology of the endo-myometrial junctional zone, and have attempted to explain the association of
adenomyosis with subfertility and endometriosis [73,74].
The endo–myometrial junctional zone

The junctional zone is a distinct, hormone-dependent uterine compartment at the endo-
myometrial interface, revealed more than 20 years ago by MRI [75]. It is also called archimyome-
trium or inner myometrium. On high-resolution transvaginal scan, the junctional zone is often
visualised as a subendometrial hypoechoic ‘halo’.

Despite the apparent lack of histological distinction between the junctional zone and the outer
myometrium on light microscopy, these two zones are, in reality, structurally and biologically different
[76]. In recent years, this endometrio–myometrial junctional zone has emerged as a specialised zone,
which critically governs many reproductive functions [77,78].

Growing evidence suggests that disruption of the normal junctional zone architecture associated
with thickening or hyperplasia of the junctional zone (which seems to precede adenomyosis) and
adenomyosis, inevitably alters the coordinated peristaltic activity of the inner myometrium [79,80].
Dysfunctional- and hyper-peristalsis of the junctional zone may affect sperm transport and implan-
tation, contributing to infertility [81,82]. These peristaltic disorders of the junctional zone have also
been linked to dysmenorrhoea and menorrhagia, and may play a role in the pathogenesis of endo-
metriosis by facilitating retrograde menstruation and implantation of viable endometrial cells into the
abdominal cavity [73,81]. Pelvic endometriosis, especially in severe stages, is also strongly associated
with junctional zone thickening [73,74,83,84]. Observational studies suggest that perturbations in
junctional zone structure or functions before conception predispose towards a spectrum of fertility and
obstetrical complications [85].
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Ultrasound features of adenomyosis and junctional zone
The two-dimensional sonographic findings of adenomyosis that have been described are generally

alterations of the outer myometrium. The two-dimensional transvaginal sonographic evaluation of the
junctional zone seems also to be, with high-frequency probes (5–10 MHz), difficult and imprecise, and
sonographic differentiation of inner and outer myometrium is not always optimal. Recently, it has been
observed that, on the coronal section of the uterus obtained with three-dimensional transvaginal
sonography, it is possible to visualise the junctional zone more clearly with some post-processing
arrangements [84,86].

On the basis of two-dimensional transvaginal sonography, features considered to be associatedwith
adenomyosis are as follows [87]: globally enlarged uterus: the fundus of the uterus appears enlarged;
round cystic area within the myometrium (Fig. 14); asymmetrically enlarged uterus (e.g. anterior wall
thicker than posterior wall, or vice versa) unrelated to leiomyoma (Fig.15); inhomogeneneous, irregular
myometrial echotexture in an indistinctly defined myometrial area with decreased or increased
echogenicity; myometrial hypoechoic linear striations seen as a radiating pattern of thin acoustic
shadows not arising from echogenic foci or leiomyoma (Fig. 16); an indistinct, fuzzy endometrial–
myometrial border (ill-defined endometrial stripe); and the presence of diffuse vascularity, seen as
diffusely spread of small vessels, which do not follow the normal course of the arcuate and radial
arteries inside the myometrium (Figs. 15 and 16).

Power Doppler can be used to distinguish myometrial cysts from blood vessels, and to discriminate
between leiomyomas and focal adenomyosis. Uterine leiomyomas manifest a circular flow along the
myoma capsule, whereas localised adenomyosis and adenomyomas are characterised by diffusely
spread vessels inside the lesions.

Three-dimensional transvaginal sonographic signs of adenomyosis are based on the evaluation of
the junctional zone on the acquired volume of the uterus to obtain the coronal view. On the coronal
view, the junctional zone appears as a hypoechoic zone around the endometrium. Volume contrast
imaging (VCI) with 2–4mm slices is used to see clearly in all planes of the multiplanar view, and also in
the longitudinal and transverse uterine sectionwhere the anterior and posterior junctional zone can be
evaluated (Fig. 17).

Disruption and infiltration of the hypoechoic junctional zone by means of the hyperechoic endo-
metrial tissues can be evaluated (Fig. 18). To avoid only subjective morphological evaluation of the
junctional zone as irregularity and infiltration, the objective parameters as measurement of the
thickness of the junctional zone that radiologists generally use on MRI has also been proposed for
three-dimensional junctional zone assessment [88].
Fig. 14. Ultrasound image of a uterus with adenomyosis. Note the round cystic anechoic areas (arrows) in the myometrium below
the endometrium in the junctional zone.



Fig. 15. Ultrasound images of a retroverted uterus with adenomyosis Gray scale image showing asymmetrically thickened posterior
uterine wall with abnormal echogenicity (a). Power Doppler image showing diffusely spread small vessels (b).
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The junctional zone can be measured on three-dimensional multiplanar viewwith volume contrast
imaging modality; the greatest (maximal junctional zone thickness ¼ JZ max), and lowest (minimal
thickness of the junctional zone ¼ JZ min) diameter of the junctional zone can be taken on coronal
section or longitudinal section at any level of the uterus [88]. The advantage of measuring the junc-
tional zone thickness is to have objective parameters for comparisons. Alterations of the junctional
zone are defined as distortion and infiltration of the hypoechoic inner myometrium by hyperechoic
endometrial tissue or as an ill-defined junctional zone.

Several studies have shown that the sensitivity and specificity of two-dimensional transvaginal scan
in diagnosing adenomyosis are comparable to those of MRI, histology, or both, ranging from 75%–88%
and 67%–93%, respectively [89–91]. Although MRI analyses features are based on junctional zone
measurements and evaluation, two-dimensional ultrasound findings generally describe alterations of
the outer myometrium, such as heterogenicity, hypertrophy, or presence of cystic areas. Only recently
Kepkep et al. [92] included poor definition of the junctional zone in the assessment of the accuracy of
various two-dimensional transvaginal scan findings in the diagnosis of adenomyosis. They found that
poor definition of the junctional zone had a high specificity (82%) but a low sensitivity (46%) in its
diagnosis.

Three-dimensional reconstruction of uterine anatomy in the coronal plane provides a new view
of the junctional zone [86]. Three-dimensional transvaginal scan features were compared with
histology of the uterus after hysterectomies, and it was shown that junctional zone thickness



Fig. 16. Ultrasound images of a uterus in transverse section with adenomyosis. (a) Gray scale image showing inhomogeneous,
irregular myometrial echotexture with hyperechoic irregular myometrial areas and a radiating pattern of linear striations; (b) colour
Doppler image showing diffusely spread small vessels.
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JZmax � 8mm and JZmax-JZmin � 4mm were significantly more associated with adenomyosis than
other two-dimensional features [88,93]. Also, the subjective evaluation of infiltration and disruption
by endometrial tissue in the junctional zone is an accurate tool for the diagnosis of adenomyosis
[86,88,93].

Thickening and disruption of the junctional zone appearance is strongly associated with uterine
adenomyosis. Considering the hypothesis that adenomyosis is more likely to be caused by ‘invasion’ of
endometrial tissue across the junctional zone and into the myometrium, three-dimensional trans-
vaginal sonography evaluation of junctional zone could probably be able to detect initial adenomyosis.
It has been observed that pelvic endometriosis, especially in severe stages, is also strongly associated
with junctional zone thickening and adenomyosis [83,84,88,94]. The junctional zone, if altered, is
correlated to adenomyosis, and seems to be involved in the process that determines pelvic endome-
triosis [73,76,81,83,84].

Therefore, the evaluation of junctional zone and its alterations by non-invasive imaging seems
important, especially in women with suspected pelvic endometriosis and adenomyosis. Three-



Fig. 17. Ultrasound image of the uterus obtained using three-dimensional ultrasound and volume contrast imaging with 4-mm
slices. A multiplanar view is shown: transverse and coronal sections of the uterus are shown on the left side of the image, a lon-
gitudinal section is shown on the right side of the image. The junctional zone appears as a hypoechoic zone surrounding the
endometrium (arrows).
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dimensional transvaginal sonography seems to be more accurate than conventional two-dimensional
sonography to detect adenomyosis, and could be proposed to evaluate early stages of the disease and
considered in the treatment and counselling women with DIE.
Magnetic resonance imaging of adenomyosis and junctional zone

The MRI signs of adenomyosis are essentially linked to a thickening of a junctional zone. Typical
adenomyosis appears as an ill-demarcated low-signal-intensity area on T2-weighted images.
Furthermore on T2-weighted MRI, small high-signal-intensity areas refer to ectopic endometrium.
Small cysts may also appear as high-signal-intensity spots on T2-weighted images (Fig. 19). Some of
these areas may show hyperintense signals for the presence of methaemoglobin, on T1-weighted
acquisitions fat saturation, which is a highly specific sign.

Subjective impressions, such as endometrial invasion and disruption of junctional zone irregular-
ities seen at MRI imaging, are commonly used for diagnosis of adenomyosis [95], but objective criteria
are preferable. Three objective parameters have been identified for MRI diagnosis of adenomyosis: the
thickening of the junctional zone to at least 8–12 mm [89–91,95], the ratio junctional zone max–total
myometrium over 40% [84,90], and the difference between the maximum and the minimum thickness
of the junctional zone (JZmax-JZmin¼ JZ dif) more than 5mm [91]. Although the first two criteria have
been criticised because of changing hormonal status and menstrual cycle of junctional zone thickness
[91], the third one seems to be more independent from hormonal status being a difference of two
measurements both taken in the same hormonal phase.

Magnetic resonance imaging is also an accurate, non-invasive modality for diagnosing adenomyosis
with a high specificity (67%–99%) and accuracy (85%–95%) [89–91,95–98].



Fig. 18. Ultrasound image of the uterus with alteration of the junctional zone obtained in two different women using three-
dimensional ultrasound and volume contrast imaging. (a) A coronal view of the uterus is shown with the junctional zone
appearing as a dark halo outside the endometrium on the right side of the image (white arrow) and with distortion and infiltration
by hyperechoic endometrial tissue on the left side of the image (red arrow); (b) the normal (white arrow) and abnormal (red arrow).
Junctional zones are measured on a coronal section through the uterus.

Fig. 19. Magnetic resonance view of adenomyosis: T2-weighted images on (a) coronal and (b) sagittal planes. Typical adenomyosis
appears as an ill-demarcated, low-signal-intensity area on T2-weighted images. One can also see small high-signal-intensity areas
corresponding to ectopic endometrium. Small cysts may also appear as high-signal-intensity spots on T2-weighted images. On the
left side of the uterus, a dilated salpinx with endoluminal hypontense fluid suggestive of blood (white arrow).
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Conclusion

In recent years, a number of studies have attempted to address the issue of diagnosing endome-
triosis, in particular by analysing the diagnostic performance of transvaginal sonography and magnetic
resonance imaging, the two non-invasive methodologies most frequently used for the diagnosis of
deep endometriosis.

The detection rate of imaging procedures is linked to the experience of the operator. The first-line
modality is transvaginal sonography, which is deemed to be accurate in detecting both ovarian and
extraovarian endometriosis. Magnetic resonance imaging has shown comparable results with those of
transvaginal sonography in the assessment of deep endometriosis, but it is not as reliable as trans-
vaginal sonography for the diagnosis of obliteration of the POD, which is crucial information for the
surgeon [49,56].

All MRI techniques may induce a potential discomfort for the patient, because of bowel preparation
and the use of intravenous contrast medium. Also, the higher costs of carrying out MRI, and the need
for expert radiologists, are a limitation of this diagnostic imaging for DIE diagnosis. The high accuracy
in detecting and describing DIE lesions by transvaginal sonography is similar or better than those
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obtained by recent studies onmagnetic resonance imaging [56,99,100]. For these reasons, it seems that
transvaginal sonography is the best diagnostic tool in mapping DIE [36,48–50,57,58].

The multifocality of DIE lesions justifies a multidisciplinary diagnostic and treatment management.
The possibility of intestinal lesions associated with gynecologic DIE requires close collaboration be-
tween gynaecologists, colorectal surgeons, and also urologists in the event of ureter involvement. In
most cases, a reliable diagnosis can bemade at gynaecological ultrasound evaluation by an experienced
ultrasound examiner. A collaborationwith radiologists is needed in unclear cases to establish a precise
preoperative mapping of the DIE lesions.

The main issue is to identify which radiological examination is best associated with transvaginal
sonography to diagnose DIE lesions. Although MRI is an efficient means of examination, allowing a
complete pelvic work up to be established [101], bowel movements, notably in the sigmoid and ileo-
cecal junction areas, may generate artifacts [48] that will hamper diagnosis, with the risk of over-
looking and under-estimating the extent of intestinal DIE lesions.

So the basic question in daily practice is whether it is necessary to carry out MRI or other imaging
like DBCE or computed tomography urography systematically in all women presenting a clinical sus-
picion of DIE. If intestinal infiltration is found at transvaginal sonography, we feel that MRI or DBCE is
not always needed, given that it will provide no further informationwhen lesions are small. If there is a
strong clinical suspicion of intestinal involvement, however, but transvaginal sonography shows no
intestinal infiltration, MRI could be useful to exclude lesions of the upper intestinal tract [48,49,51].

Today, transvaginal sonography must be the first-line imaging process for women with suspected
pelvic endometriosis.
Practice points

� Adhesions must be suspected if the ovaries and the uterus adhere to each other or to adja-

cent structures. This can be ascertained by palpating the ovaries and the uterus with the

transvaginal probe, by palpating the abdoman with the hands, or both.

� Endometriosis may change the normal course of the Fallopian tube. Adhesions or endo-

metriotic foci may occlude the Fallopian tube; consequently, a sactosalpinx may be seen on

ultrasound or at magnetic resonance imaging, near an endometrioma or associated with

deep lesions.

� All potential locations of DIE in the anterior (bladder) or posterior compartment (vagina,

rectovaginal septum, torus uterinus and uterosacral ligaments, parametria, ureters, rectum,

and recto-sigmoid junction) can be evaluated by transvaginal ultrasound and MRI with

similar diagnostic accuracy; however, both imaging techniques need expert operators.

� Two-dimensional sonographic features of adenomyosis are changes in the myometrium,

such as heterogeneity, hypoechoic linear striations, and cystic areas.

Research agenda

� To develop an ultrasound classification of pelvic endometriosis (e.g. terms, definition of

features and sonographic anatomical markers) to be used by all staff involved in the diag-

nosis and treatment of women with endometriosis.

� To establish and validate simple and reproducible ultrasound signs of DIE and pelvic

adhesions.

� To develop newMRImodalities for the detection of endometriotic lesions on nerve tracts and

the peritoneal surface.

� To create a scoring system based on ultrasound or magnetic resonance findings to predict

surgical difficulties in womenwith endometriosis and to validate it in centres with substantial

experience in operating on women with endometriosis.

� To describe the ultrasound appearance of the junctional zone and adenomyosis in women

with endometriosis and to explore whether its appearance is associated with infertility.
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