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Transvaginal ultrasound (TVUS) is surely the first-line technique for the diagnosis of endometriosis. The possibility
to perform a dynamic ultrasonographic examination can provide additional information that is not easily obtained

with other imaging modalities.

endometriosis transvaginal ultrasound

| 1. Introduction

Endometriosis is a common chronic disease affecting 5-10% of women of reproductive age globally [,
Histologically, this disease is defined by the presence of endometrium-like tissue (epithelium and/or stroma)
outside the endometrium and myometrium, usually with an associated inflammatory process W and several
different clinical presentations that are mainly based on the presence of pain but also infertility 2. According to the
International Working Group of the AAGL (American Association of Gynecologic Laparoscopists), ESGE (European
Society of Gynecologic Endoscopy), ESHRE (European Society of Human Reproduction and Embryology) and
WES (World Endometriosis Society), superficial endometriosis is defined by the presence of endometrium-like
tissue involving the peritoneal surface. The lesions can have different appearances and colors e.g., clear and black
[, In contrast, the same group defines deep endometriosis (DE) as endometrium-like tissue lesions in the
abdomen that extend on or under the peritoneal surface. They are usually nodular, able to invade adjacent
structures, and associated with fibrosis and the disruption of normal anatomy 2. Ovarian endometriosis is defined
as endometrium-like tissue in the form of ovarian cysts [2. Endometriomas may be either invagination cysts or true

cysts, with the cyst wall also containing endometrial-like tissue and dark blood-stained fluid 2.

The ovary is a common site affected by endometriosis l. The intra-pelvic localizations of endometriosis include
involvement of the uterosacral ligaments (USLs), vagina, rectum, rectovaginal space, or bladder (frequently at the
posterior bladder dome) 4. Endometriosis can also affect extra-pelvic organs, such as the abdominal wall, the

diaphragm and nerves (for example sciatic nerves) 2, but these topics were covered in a previous review &,

| 2. Transvaginal Ultrasound
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Transvaginal ultrasound (TVUS) is surely the first-line technique for the diagnosis of endometriosis . The
possibility to perform a dynamic ultrasonographic examination can provide additional information that is not easily

obtained with other imaging modalities 2.

2.1. Ovarian Endometriosis

The ultrasound features of ovarian endometriosis vary in pre- and postmenopausal patients BE. The most
common ultrasound appearance of ovarian endometriosis is the typical “unilocular cyst with ground glass
echogenicity of the cyst fluid” [l This appearance became less common with increasing age, in particular after 35
years old B Although the mean diameter remains the same in the different ages of premenopausal women,
endometriomas with papillations are more common in older women, with 3% in younger women compared with
14% of women = 45 years old . In a Cochrane review, Nisenblat et al. 19 found that the sensitivity and specificity
for a diagnosis of endometrioma using TVUS are 93% and 96%, respectively. The age of the patients seems to
also interfere with the diagnostic accuracy [&l. As a matter of fact, subjective impressions of the presence of
endometrioma showed a sensitivity of around 90% in younger patients that decrease to 70% after 45 years of age.

In contrast, the specificity remains the same (97-98%).

2.2. Superficial Endometriosis

Although some authors suggest that some findings (presence of thickened pericolic fat) correlate with the presence
of superficial endometriosis, no reproducibility study has been published . Robinson et al. 12 found a poor
sensitivity (51%) and specificity (55%) of transvaginal ultrasound markers in the diagnosis of superficial
endometriosis of the USL. Reid et al. found that, in the absence of ovarian endometriosis and DE nodules, ovarian
immobility was associated with superficial endometriosis of the pelvic side wall 12, Leonardi et al. described a
novel technique, the so-called “sonoPODgraphy”, that apparently allows for better detection of superficial

endometriosis 14,

2.3. Deep Endometriosis

Regarding DE, the consensus from the International Deep Endometriosis Analysis (IDEA) group 22! proposed four
basic sonographic steps when examining women with suspected or known endometriosis: evaluation of the uterus
and adnexa (signs of adenomyosis and endometriomas), evaluation of “soft markers”, assessment of the status of
the pouch of Douglas (POD) using the “sliding sign”, and assessment of DE nodules in the anterior and posterior

compartments (bladder, vaginal vault, USLs, bowel, rectum, rectosigmoid junction and sigmoid colon).

The identification of “soft markers” is an easy-to-learn assessment that can even be performed by less experienced
operators 18, “Soft markers” were designed to identify patients who would most likely benefit from a more detailed
scan by an expert examiner (181, Markers that showed a correlation with the presence of DE are the absence of the
“sliding sign” (applying gentle pressure to the cervix to mobilize the uterus to determine whether the anterior rectum
glides freely or not over the posterior vagina, cervix and uterus) and/or the presence of “kissing ovaries” (both

ovaries located in close proximity or touching each other in the POD) in patients with clinical suspicion of
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endometriosis 8. In a recent systematic review and meta-analysis, Alcazar et al. 1 found that the “sliding sign”
has good diagnostic performance for predicting POD obliteration and bowel involvement in women with suspected
endometriosis. In addition, ovarian immobility in TVUS is significantly associated with ipsilateral pelvic pain, USL
and pelvic sidewall superficial endometriosis, endometrioma, posterior compartment DE and POD obliteration 3!,
Another very rare localization is the presence of tubal endometriosis. The only study present in the literature 18
found that hydrosalpinx as an ultrasonographic sign used alone is characterized by a high specificity but low
sensitivity for the detection of tubal endometriosis, which can be improved by the addition of other ultrasonographic

markers previously described.

According to the IDEA consensus 131, the location of DE nodule localizations should be divided into two different
pelvic compartments: the anterior and the posterior. The anterior compartment includes the urinary bladder,
uterovesical region and ureters, while the posterior compartment includes the posterior vaginal fornix, anterior
rectum/anterior rectosigmoid junction, retrocervical space and sigmoid colon 13,

Recent studies evaluated the prevalence, diagnosis and clinical features of DE involving the parametrium,
considering it as a third compartment in addition to the anterior and posterior ones. According to the #Enzian
Classification for endometriosis 12!, the mediolateral/dorsolateral compartments include the USL, cardinal ligament
and pelvic sidewall. From the anatomical point of view, the lateral compartment includes the parametrium,
paracolpium, pelvic floor, the parametrial segment of the ureters, nerves (inferior hypogastric plexus and obturatory
nerve), ovarian fossae and pelvic sidewalls 2221 Generally, TVUS should be performed with a scarcely filled
bladder. However, if bladder endometriosis is suspected, patients should be asked not to empty their bladder

before the ultrasound examination 2!, The image orientation (up or down) depends on the choice of the operator
22

2.3.1. Anterior Endometriosis

The DE in the anterior compartment can include hypoechoic linear or spherical lesions, with or without regular
contours, cystic spaces, hyperechoic foci and/or regular contours involving the muscularis (most commonly),
(sub)mucosa of the bladder (lesions that involve only the serosa represent superficial endometriosis) or the
uterovesical space 13 (Figure 1). Albeit not formally assessed in prospective studies, the obliteration of the
uterovesical space can be evaluated using the sliding of these structures. If the posterior bladder slides freely over
the anterior uterine wall, the uterovesical space is considered non-obliterated. On the other hand, if the bladder
does not slide freely, the uterovesical space can be considered obliterated 12, In a meta-analysis, Guerriero et al.
(28] found that for the detection of bladder endometriosis, the sensitivity and specificity were 62% and 100%,

respectively. Similar results were reported in a more recent meta-analysis 241,
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Figure 1. TVUS imaging method: a bladder endometriotic nodule with 2D TVUS (black and white images) and with
3D TVUS (color image).
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Figure 2. TVUS imaging method: the arrow and calipers show a nodule of the rectovaginal space in the sagittal

plane.

Experienced sonographers can reliably identify silent ureteral involvement due to endometriosis with TVUS (23],
The most common location of ureteral stenosis is 3—4 cm above the vesicoureteral junction and, in about half of the
cases, ureteral dilatation involvement is not associated with hydronephrosis on abdominal ultrasound 22, In a
prospective observational study that enrolled 848 patients with chronic pelvic pain, Pateman et al. 28 found that
the diagnosis of ureteral endometriosis had a sensitivity and specificity of 92% and 100%, respectively. Although a
key point for surgical planning includes the close relationship with the ureteral path 24, the measurement of the

distance between the nodule of the ovarian fossae and the ureteral path is not described in the literature.

2.3.2. Posterior and Lateral Endometriosis

In the rectovaginal space (RVS) the DE nodules are described as lesions below a horizontal plane that passes
along the lower margin of the posterior lip of the cervix under the peritoneum 2. (Figure 2). Guerriero et al. 23
found that in the detection of endometriosis in the RVS, the sensitivity and specificity were 49% and 98%,

respectively.
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As for the USL, the lesions appear as nodules with regular or irregular margins and often with hyperechoic points,
or as a linear hypoechoic thickening with regular or irregular margins 22 (Figure 3). In the detection of USL
endometriosis, the sensitivity and specificity are 53% and 93%, respectively 22, Vaginal lesions should be
suspected when the posterior vaginal fornix is thickened with or without surrounding cystic anechoic areas or if
there is a hypoechoic nodule, homogeneous or inhomogeneous, with or without large cystic areas 23, (Figure 4).
In the detection of vaginal endometriosis, the sensitivity and specificity are 58% and 96%, respectively 23], A recent

meta-analysis reported similar data with a sensitivity of 52% and a specificity of 98% [24],

Figure 3. TVUS imaging method: USL lesion indicated by an arrow and calipers in the sagittal plane. U: uterus.
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Figure 4. TVUS imaging method: the arrow and the calipers show a posterior vaginal fornix nodule in the sagittal

plane. U: uterus.

A nodule on the rectosigmoid colon can appear as an irregular hypoechoic nodule in the anterior wall of the
rectosigmoid colon with or without hypoechoic or, rarely, a hyperechoic focus with visible retraction and adhesions
[15] (Figure 5). Sensitivity and specificity in the detection of endometriotic lesions in the rectosigmoid colon are 91%
and 97%, respectively 28, |n addition, TVUS enables the accurate assessment of a rectosigmoid DE lesion size
with moderate-to-good reliability and correlation for lesion thickness measurements, which may be essential for
diagnosis, surgical risk assessment and planning of surgical treatment 22, TVUS is also reliable at measuring the
lesion-to-anal-verge distance of rectosigmoid DE, thereby estimating the height of the bowel anastomosis in
patients undergoing a-full-thickness resection either by discoid resections or segmental resections BB A recent
prospective study performed by the IDEA group found a higher TVUS detection rate of DE overall than that

reported by the most recent meta-analysis on the topic (sensitivity of 79%), but with a lower specificity 2.
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Figure 5. TVUS imaging method: arrow 1 shows a rectosigmoid nodule, while arrow 2 shows a USL nodule in the

sagittal plane.

According to the study of Exacoustos et al. 23], parametrial involvement is suggested by infiltrating, irregular and
hypoechogenic tissue extending laterally to the cervix or vagina. Parametrial endometriosis involvement occurs
more frequently in patients with severe endometriosis, possibly with hypogastric/sacral plexus or sciatic nerve
involvement 24331 |n a recent meta-analysis, Guerriero et al. 38 found that in the detection of endometriosis in the
parametrium, the sensitivity and specificity are 31% and 98%, respectively. This low sensitivity can be explained by
the fact that specific training is needed to properly visualize this anatomical area [28l. Assessing the USL might

suggest a thorough evaluation of the parametrium B2,

2.3.3. Additional Ultrasonographic Techniques and TVUS Classification Systems

To further increase the diagnostic accuracy of TVUS, there are some additional techniques that can be performed.
The simplest additional technique is the tenderness approach [28l. It is a modality of TVUS that is performed by

increasing the amount of ultrasound gel inside the probe cover by introducing 12 mL of ultrasound gel instead of
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the usual 4 mL. The gel lid creates a stand-off that allows for the visualization of adjacent tissues to the probe. It is
also useful to evaluate painful sites evocated by the gentle pressure of the probe, even without abdominal
palpation. No data are present on the level of expertise needed. This technique known as “tenderness-guided”
TVUS B2 shows high specificity and sensitivity in the detection of vaginal and rectovaginal space endometriosis.
Good specificity associated with a lower sensitivity was obtained in the diagnosis of DE of USL, rectosigmoid
involvement or anterior DE B8, This technique was meant to reproduce physical examination that shows
sensitivities in endometriosis diagnosis of 41% for the ovary, 50% for the USL, 76% for the POD, 73% for the
vagina, 78% for the RVS, 25% for the urinary bladder and 39% for the rectosigmoid 49,

Regarding the need for bowel preparation before a TVUS examination, Ros et al. 41l concluded that it was well-
tolerated and useful to aid in the detection and more precise description of rectosigmoid nodules. Ferrero et al. 42,
on the other hand, found that bowel preparation does not improve the diagnostic performance of TVUS in detecting

rectosigmoid endometriosis and in assessing the characteristics of endometriotic nodules.

In addition, office gel sonovaginography (SVG) appears to be an effective outpatient imaging technique for the
prediction of bowel DE, with higher accuracy for the prediction of rectosigmoid compared with anterior rectal DE
43l SVG can improve the detection of DE involving the rectovaginal space by creating an acoustic window
between the transvaginal probe and the surrounding vaginal structures 24l A further technique that is used is rectal
water-contrast transvaginal ultrasonography (RWC-TVUS). Although RWC-TVUS and SVG have similar accuracies
in the diagnosis of DE, RWC-TVUS has a higher performance when assessing the characteristics of rectosigmoid
endometriosis. Like conventional TVUS, a limitation of enhanced TVUS techniques is that they cannot diagnose
endometriotic nodules located above the rectosigmoid, as they are beyond the field of view of ultrasonography 42!,
Additional evaluation through the abdominal wall using a high-resolution linear transducer might be needed in
some cases, for example, to assess cecal or appendicular endometriosis. Some authors 48] suggested using a
laparoscopic intraoperative 12.4 MHz ultrasonographic transducer placed on the surface of the rectosigmoid
nodules to study the appearances and to perform measurements. Due to the few cases evaluated, it is probably

too early to introduce this practice in daily management.

Based on the high diagnostic accuracy reported in the literature, of all classification and staging systems for
endometriosis, many are based on ultrasound. Table 1 summarizes the most recent (of the last 10 years)

endometriosis classification/staging system based on ultrasound.

Table 1. The different and more recent endometriosis classification/staging system based on ultrasound.

Classification/Staging  Pub. SLECL el Aim of
System Year SLb on Classification
Ultrasound

Surgical observation/magnetic
#Enzian classification 2 2021 resonance imaging No
(MRD/ultrasound

Description of
endometriosis
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Classification/Staging  Pub. Based on Baseod nOnIy Aim of
System Year Ultrasound Classification
. Probability of
Endometriosis Fertility Index ) SHfelea] . pregnancy after
[47] 2021 observation/ultrasound/clinical No .
(EFI) . endometriosis
examination
surgery
Adhesion scoring system & 2020 Ultrasound Yes Preqllctlon Of. the
pelvic adhesions
- Prediction of
ENDORECT * 49 2019 MRI/ultrasound/clinical No rectosigmoid
examination _
involvement
Prediction of the
Preoperative ultrasound- level of
based endometriosis staging 2016 Ultrasound Yes complexity of  ;+tices. in
system (UBESS) [BA5152] i laparoscopic o
(53] surgery i training

sonograpners, as weli as radioiogic and gynecoiogic sonoiogists, In e sonograpnic ifeatures of deep
endometriosis and other associated signs. In addition, Deslandes et al. 24 suggested that doubling the scan time
should be considered due to a demonstrated- additiga @pgragestime of 5.4 min in endometriosis sonographic

assessment in comparison with routine transvaginal ultrasound.

Three-dimensional TVUS (3D TVUS) can also be used for the evaluation of DE. This technique allows for the
possibility of obtaining volumes that can be reconstructed manyfold after a single sweep with an infinite humber of
viewing planes B2l In particular, it is possible to obtain the coronal plane of the lesion, which is a plane that is
practically impossible to obtain with the use of 2D TVUS 581, In addition, 3D TVUS rendering can allow for a better
analysis of a nodule because 3D reconstruction might make the irregular shapes and borders more evident B4, as
well as the use of volume contrast imaging (VCI) with 2—4 mm slices. The possibility to re-evaluate stored 3D
volumes, the so-called “virtual navigation”, can be used as an educational tool to improve the learning curve of less
expert operators. In fact, Guerriero et al. B4 found that the combined use of real-time TVUS and offline 3D volume
virtual navigation was helpful to improve training in a short time (2 weeks) for the ultrasound assessment of DE.
Regarding the diagnoses superficial endometriosis but also endometriosis of ureters and parametrium, there are
presently no studies in the literature that describe the accuracy of 3D TVUS. Barra et al. 58 found that 3D
reconstructions do not improve the performance of 2D TVUS in diagnosing the presence and characteristics of
bladder endometriosis. However, the use of virtual organ computer-aided analysis (VOCAL) allows for a
significantly better volume assessment. Guerriero et al. B2 found that for 3D TVUS, the sensitivity and specificity in
the diagnosis of rectosigmoid colon endometriosis were 91% and 97%, respectively, similar to 2D, while in the
diagnosis of endometriosis of the USL, rectovaginal space and vaginal fornix overall, the sensitivity and specificity,
thanks to the available coronal plane, are 87% and 94%, respectively. In another study, retrocervical and
rectosigmoid endometriotic nodules displayed significantly different three-dimensional sonographic mean gray
values, which allowed for a quantitative evaluation with extremely good reproducibility 9. In addition, introital 3D

ultrasonography seems to be an effective method for the diagnosis of endometriosis of the rectovaginal septum €11,
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In a recent study, Guerriero et al. 62! found that the typical ultrasonographic sign of rectosigmoid endometriosis is

reasonably recognizable to observers with different levels of expertise when assessed in stored 3D volumes.
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