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Abstract

Background: Ultrasound elastography displays information on tissue stiffness. Deep endometriotic nodules are hard fibrotic tissues.
Patients are recognized as having deep endometriosis only after several years from the onset of symptoms, therefore it is important to
improve diagnostic capabilities. Cases: In this case series, our purpose was to present the applicability and feasibility of transvaginal
strain elastography. Five patients with various complaints compatible with endometriosis underwent transvaginal ultrasound with strain
elastography. Using the ’International Deep Endometriosis Analysis’ group (IDEA) protocol along with transvaginal strain elastography,
preoperative examination clearly demonstrated the size and extent of deep endometriosis. Conclusion: This ultrasonographic technique
was effective regardless of whether the ligaments of the female reproductive tract, or the organs of the urinary and intestinal tract were
infiltrated.
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1. Introduction
The estimated overall prevalence of endometriosis is

7–12% in the general female population [1]. This condi-
tion is one of the leading causes of infertility with symptoms
ranging from chronic catamenial pain, irregular bleeding or,
dyspareunia all leading to decreased quality of life and po-
tential infertility. The detection of endometriosis may be
delayed by up to 7 years from presenting symptoms due
to a lack of non-invasive diagnostic tools. The four clas-
sic phenotypes of the disease are adenomyosis affecting the
uterine wall, endometrioma in the ovaries, superficial im-
plants on the peritoneum and subperitoneal infiltration of
>5 mm into pelvic/abdominal organs defined as deep en-
dometriosis (DE).

DE lesions in the pelvis can be palpated as hard fi-
brotic nodules [2] by bimanual pelvic examination. Glan-
dular epithelial or active stromal cells are frequently absent
histologically in deep endometriotic nodules, while meta-
plastic smooth muscle components and fibrosis are always
present. Vigano et al. [3] have suggested a new definition
of endometriosis being “a fibrotic condition in which en-
dometrial stroma and epithelium can be identified”.

MRI, colonoscopy and cystoscopy have been sug-
gested for the detection of DE. For multiple reasons,
transvaginal ultrasound has become the first line diagnos-
tic tool for DE [4–6]. The precise description of an en-
dometrioma is facilitated by the ‘International Ovarian Tu-
mor Analysis’ (IOTA) criteria [7]. The sonographic fea-

tures of adenomyosis are enumerated by the ‘Morphologi-
cal Uterus SonographicAssessment’ (MUSA) criteria [8,9],
whereas diagnostic steps of DE are defined by the protocol
of the IDEA group [10]. With experienced sonographers,
the detection rate of DE can even reach 90 percent [11].
Although a significant proportion of these lesions are not
detected [12].

Ultrasound elastography has been developed over the
last three decades to display information on tissue stiffness
[13,14]. Use of a transvaginal transducer produces a strain
image by using the transducer to apply repetitive minimal
pressure on the tissues being examined. Manufacturers of-
fer several methods to generate feedback to the examiner on
the degree of the applied compression by utilizing a strain
graph display, bar, numerical value or scale. Visualizing
the monitor provides real-time feedback about whether the
appropriate amount of pressure is being applied. The sub-
sequent tissue displacement is tracked between pairs of ra-
diofrequency echo frames and the strain is calculated from
the axial gradient of the displacements. Under an equal
amount of stress, a stiff region undergoes less deformation
than surrounding softer tissues. Strain ratio between two
regions can then be calculated. Using a color map to code
different magnitudes of strain, a two-dimensional strain im-
age can be translucently superimposed on the conventional
B-mode image, aiding the assessment of the spatial relation-
ship between the ultrasound image and the elastographic
data. If the required minimum pressure is reached during
the examination, the color-coded two-dimensional map au-
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tomatically appears on the display. Blue color indicates
hard tissue, yellow and green imply relative medium tis-
sue stiffness and red color marks soft tissue, as confirmed
by Stoelinga et al. [15]. We are not aware of any data using
transvaginal strain elastography for systematic screening of
deep endometriosis. Our objective was to visualize deep
endometriotic lesions utilizing this technique.

In this case series, we present our results on the appli-
cability and feasibility of transvaginal strain elastography to
diagnose deep endometriotic lesions at different body sites.
Informed consent was obtained from each patient and the
Institutional Review Board approved our study.

2. Case report
2.1 Case 1

Transabdominal ultrasound performed in a 33-year-
old woman (Fig. 1A). Demonstrated a 38 × 24 × 21 mm
diameter solid and hypoechoic structure causing an irregu-
lar contour in the wall of the urinary bladder and protrud-
ing into the abdominal cavity. The transvaginal ultrasound
scan demonstrated the hypoechoic lesion to be located at the
base of the urinary bladder and adherent to the anterior uter-
ine wall. Ultrasound strain elastography (SamsungWS80A
with Elite, Seoul, South Korea, Elastoscan software and 5–
9 MhZ transvaginal probe) revealed the lesions stiffness to
be harder than the urinary bladder wall and the surround-
ing tissues (Fig. 1B). The difference ratio was more than
eightfold between the lesion and the normal bladder wall
(Fig. 1C).

The suspicion of endometriosis arose due to the com-
plaints and the age of the patient, as well as localization of
the nodule. Based on the irregular contour, bladder can-
cer was also suspected. Secondary to a pregnancy in the
previous year, deep endometriosis of the bladder may have
undergone decidualization [16–18]. During laparoscopic
surgery, a lesion measuring 3 cm diameter corresponding to
deep infiltrating endometriosis was detected at the bladder
base (Fig. 1D). In this case, strain elastography successfully
distinguished deep endometriosis from bladder cancer.

2.2 Case 2
During a bimanual pelvic examination in a 26-year-

old woman, a palpable painful stiff nodule 2 cm diameter
was found in the posterior vaginal fornix. Using transvagi-
nal ultrasonography, a hypoechoic region was detectable
below the level of the lower border of the posterior lip of
the cervix in the widened hyperechogenic rectovaginal sep-
tum (Fig. 2A). Sliding sign—which is an excellent dynamic
marker against rectouterine pouch obliteration—was posi-
tive [10,19,20]. Using ultrasound strain elastography, the
nodule presented as blue color. This is the typical appear-
ance for hard tissue in the Elastoscanmode of the ultrasound
device. The nodule measured 17× 12× 9 mm. The wall of
the rectum and the vagina were yellow and red suggesting
soft appearance (Fig. 2B). The nodule stiffness was harder

Fig. 1. Deep endometriosis of the urinary bladder in a 33 year-
old woman. (A) A three-dimensional visualization of the bladder
nodule with transabdominal scan and surface rendering. (B) Dual-
mode gray-scale sonographic (left) and strain elastography (right)
images with transvaginal scan. An ascending-colors map is used:
dark blue indicates harder tissue; green and yellow indicates mod-
erately stiff tissue; and orange and red indicates soft tissue. The
bar in the lower right corner of the screen indicates the pressure
applied. A hypoechoic and hard structure (according to elastogra-
phy) with irregular contour protrudes into the cavity of the bladder
(asterisk). (C) Strain measurement between the lesion (green cir-
cle) and the normal bladder wall (orange circle). (D) Laparoscopic
image of the bladder nodule (asterisk). Endometriosis infiltrates
both the bladder (b) and uterine (u) walls.

than the hyperechoic regular connective tissue in the recto-
vaginal septum. The difference ratio was almost threefold
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between the hypoechoic lesion and the normal hyperechoic
rectovaginal septum (Fig. 2C). Rectovaginal septum en-
dometriosis which is rare dominantly starts from the upper
third of the vagina [21]. In this case, neither the retroperi-
toneal rectum nor vaginal wall were infiltrated. The exci-
sion of a 2 cm nodule was performed (Fig. 2D). Histolog-
ical examination confirmed deep endometriosis of the rec-
tovaginal septum. During conventional B mode ultrasound
examinations, fluid-containing lesions of the vaginal wall
such as Gartner’s duct cysts, mucous inclusions and epithe-
lial inclusion cysts are hypoechogenic and show noDoppler
flow. Strain elastography can adequately identify fibrotic,
hard nodules of deep endometriosis in this location.

2.3 Case 3
During a bimanual examination in a 23-year-old

woman, the left ovary was determined to be enlarged.
Transvaginal ultrasound demonstrated the typical appear-
ance of an ovarian endometrioma with a unilocular cyst of
4 cm diameter with ground-glass echogenicity and no pap-
illary projections. Color-flow Doppler sonography did not
show any flow in the cyst. Strain elastography made parts
of the cystic lesion in the ovary clearly distinguishable with
the supernatant being softer and the sediment denser than
the normal ovarian tissue (Fig. 3A).

According to the second step of the IDEA protocol, we
evaluated soft markers as site specific tenderness and ovar-
ian mobility [22,23]. The patient did not report any pain.
The left ovary was mobile medially against the uterus and
the contralateral ovary but fixed inferomedially against the
ipsilateral pelvic sidewall. Between the left uterosacral lig-
ament and the left ovary, a hypoechogenic “triangle” was
wisible with B mode. An elastographic examination was
performed to distinguish between adhesions and deep en-
dometriosis. At the junction of the uterosacral ligament and
the ovarian cyst wall, a hard nodule with a diameter of 2 cm
was identified with elastography (Fig. 3A). The sliding sign
between the rectum and the uterine fundus was positive.

A laparoscopic cystectomy was performed. A small
endometrioma (chocolate cyst) of the left ovary and the
presence of adhesions were confirmed during the proce-
dure (Fig. 3B). The endometrioma was fixated inferomedi-
ally to the ipsilateral uterosacral ligament. After dissecting
the adhesions, a 2 cm deep endometriotic nodule of the left
uterosacral ligament was removed (Fig. 3C). Strain elas-
tography confirmed the presence of superficial and ovar-
ian type of endometriosis along with the deeply infiltrating
form.

2.4 Case 4
A 32-year-old nulligravid woman presented with left

dorsal pain and hematuria. Renal ultrasonography showed
dilation in the pelvis and calyces of the left kidney and left
hydroureter. The right kidney and ureter appeared to be
normal. Transvaginal ultrasonography verified that the to-

Fig. 2. Deep endometriosis of the rectovaginal septum in a 26
year-old woman. (A) Sagittal transvaginal sonogram showing a
hypo-echoic mass (asterisk) below the level of the lower border of
the posterior lip of the cervix (dashed line). ‘C’ indicates cervix,
‘R’ indicates rectum. (B) Dual-mode gray-scale sonographic (left)
and strain elastography (right) images with sagittal transvaginal
scan. The sonoelastographic appearance of the endometriosis nod-
ule shows blue color – hard stiffness (calipers). The wall of the
rectum (R) and the posterior vaginal fornix (arrows) are soft tis-
sues (red, yellow and green). ‘C’ indicates cervix. (C) Trans-
verse transvaginal sonogramwith strain measurement between the
lesion (green circle) and the adjacent regular hyperechoic recto-
vaginal septum (orange circle). ‘R’ indicates rectum. (D) Laparo-
scopic image with excision of the deep endometriosis lesion (as-
terisk). Note the surrounding soft, fatty tissue in the rectovaginal
septum.
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Fig. 3. Endometrioma in the left ovary and deep endometrio-
sis of the left uterosacral ligament in a 23 year-old woman. (A)
Dual-mode gray-scale sonographic (left) and strain elastography
(right) images with transvaginal scan. A unilocular ovarian cyst is
visualized with ground-glass echogenicity (asterisk). Using elas-
tography, the sediment appears stiffer than the supernatant. In-
feromedially a hypoechogenic triangle pulls the ovary toward the
uterosacral ligament. Sonoelastographic appearance of this area
shows blue color: hard stiffness (yellow circle). (B) Laparoscopic
image. The left ovary is enlarged due the endometrioma (aster-
isk). There are adhesions present between the left ovary, the left
fallopian tube and the left uterosacral ligament. (C) Excised deep
endometriosis nodule from the left uterosacral ligament.

tal pelvic portion of the ureter showed a dilation of 9 mm
in diameter [24–26]. The source of the obstruction was
a hypoechoic nodule with a diameter of 3 cm in the left
parametrium. It involved both the distal part of the left
ureter and the trigone of the bladder (Fig. 4A). Ultrasound
elastography demonstrated the nodule’s stiffness to be more
then twofold compared to the adjacent pelvic side wall stiff-
ness (Fig. 4B).

Transvaginal ultrasonography identified another hy-
poechogenic nodule with a diameter of 9 mm infiltrating
the left uterosacral ligament and torus uterinus (transverse
ridge on the back part of the cervix of the uterus, formed by
the junction of the uterosacral ligaments) [27]. This nod-
ule was adherent to the anterior wall of the rectum with the
layer of the muscularis externa appeared to be intact. Ul-
trasound elastography demonstrated the nodule’s stiffness
to be almost threefold compared to the adjacent pelvic side
wall stiffness (Fig. 4C).

Laparoscopy revealed the DE nodule infiltrating the
juxtavesical left ureter extending to the left ureteral ori-
fice and trigone of the urinary bladder. Ultrasound strain
elastography assisted in to differentiating the intrinsic type
ureteral deep endometriosis from other tumors causing
ureteral stenosis.

2.5 Case 5
A 36 year-old nulligravid woman presented with dys-

menorrhoea, catamenial bloating, diarrhea and haema-
tochezia. During pelvic examination the uterus appeared
fixed and painful. A transvaginal scan on the sagittal view
showed that the cervix was anteverted (directed anteriorly
towards the urinary bladder) with the endometrium of the
uterine fundus being deviated versus the pelvis posterior
compartment. This sonographic sign called ‘Question mark
sign’ is a marker for adenomyosis and strongly suggests the
presence of deep endometriosis in the posterior compart-
ment [10,28]. The posterior wall of the uterus was threefold
thicker than the anterior wall. In addition to the asymmet-
rical thickening, a hyperechoic island were also depicted
in the myometrium (Fig. 5A). A hypoechoic anterior rec-
tal lesion fixed to the posterior uterine fundus was visible.
This mushroom cap shaped nodule of 38 × 32 × 30 mm
obstructed the lumen of the rectum. The lesion changed
the normal appearance of the muscularis propria layer of
the rectum [29]. The thin hypoechoic line was replaced by
an irregular thick lesion with retraction and adhesions, re-
sulting in the so-called ‘Indian headdress’ sign [10]. The
nodule had a small tail at the distal end (comet tail) [30]
(Fig. 5B). The distance between the lesion’s distal end and
the anal verge was 12 cm [31]. During ultrasound strain
elastography, the lesion was clearly demarkated both in
sagittal (Fig. 5C) and transverse plane. The posterior vagi-
nal fornix and the left uterosacral ligament were also af-
fected by the nodule (Fig. 5D). Ultrasound strain elastogra-
phy provided additional information on the extent of deep
endometriosis. The stiffness of the thickened anterior rec-
tal wall was harder than the regular posterior wall with the
difference ratio being more than threefold (Fig. 5E). The
surgically removed specimen was a 4 cm diameter nodule
protruding into the bowel cavity (Fig. 5F).
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Fig. 4. Left hydrooureter caused by intrinsic left ureteral
and bladder deep endometriosis in a 32 year-old woman. (A)
Transvaginal scan of the left parametrium showing a dilated ureter
as a tubular structure with anechoic content (asterisk). At the
distal part of the left ureter, a bulky obstructing lesion involving
the trigone of the bladder also was present (arrow). ‘C’ indicates
cervix. (B) Transvaginal scan of the left parametrium. Strain mea-
surement between the lesion (green circle) and the adjacent pelvic
sidewall (orange circle). (C) Transverse image at the level of the
upper cervix. A hypoechogenic nodule in the midline, at the torus
uterinus is attached to anterolateral wall of the rectum. The layer
of the muscularis propria is not thickened. Sonoelastographic ap-
pearance of the lesion showing stiff tissue (green circle) in the soft
pararectal environment (orange circle).

3. Discussion

Endometriosis is a heterogeneous with various symp-
toms that do not necessarily correlate with the location of
the endometriosis making this an enigmatic disorder. Deep
endometriosis is commonly confirmed by laparoscopy [32].
In many cases, if the surgery is not performed by a specialist
or if the proper technical conditions are not met, a second
intervention is required [33]. The patient is often overbur-

dened and the financial implications are significant [34]. To
avoid these repeated surgeries, a number of imaging tech-
niques are used in preoperative evaluations. The availabil-
ity of magnetic resonance imaging is limited and not all
radiologists have experience in the field of endometriosis
[35,36]. Other modalities such as colonoscopy and cys-
toscopy are invasive and have low diagnostic accuracy [37].

Ultrasound plays a critical role in the diagnosis and
surgical management decision-making for endometriosis
patients [38,39]. Modified ultrasound techniques like gel
sonovaginography and rectal water contrast transvaginal ul-
trasonography are also complex methods although they im-
prove diagnostic performance [40,41].

Previously, patients with endometriosis were studied
with elastography, mainly for adenomyosis and ovarian en-
dometriomas. With shear wave elastography endometri-
omas have higher levels of stiffness compared to hemor-
rhagic ovarian cysts [42]. Case 3 confirmed this observa-
tion. In the uterus, adenomyotic areas presented more soft-
ness (red and green color) compared with the surrounding
uterine tissue (blue color) determined by transvaginal strain
elastography. The borders of the adenomyotic areas corre-
sponded to the borders of the green area [43]. These results
confirm the histologic fact that infiltration of the glandular
tissue into the myometrium, the repetitive hemorrhages and
inflammatory processes damage the integrity of the uterine
wall. The addition of strain elastography to gray-scale ul-
trasound appears to be useful in the differentiation between
fibroids, adenomyosis and normal uteri [44].

Ding et al. [45] utilized shear wave elastography to
examine pelvic endometriosis nodules. They reported that
lesional stiffness obtained with their method, correlated
closely and positively with the extent of lesional fibrosis
in histologic specimens. Their article did not include a pic-
torial presentation of the method or its implementation.

Transvaginal strain elastography uses the characteris-
tic pathophysiologic process of deep endometriosis, such
as scarring and the formation of dense fibrous connective
tissue [46]. The examination does not require any prepa-
ration and does not involve any differences for the patient
than the transvaginal ultrasound examination [14]. The ap-
plied repetitive minimal pressure on the pelvic organs dur-
ing elastography is in accordance with the “Tenderness-
guided” transvaginal ultrasonography soft marker, also in-
corporated in the IDEA protocol [10].

The acquired color map makes the lesions clearly vis-
ible both to the examiner and to the patient. This helps
the surgeon determine the size and extent of endometrio-
sis and to organize the appropriate minimally invasive gy-
necologic surgical (MIGS) team [47]. The patient becomes
more aware of the pathology behind their complaints so that
preoperative counseling can become more thorough. In our
opinion, just as the use of color-Doppler has significantly
aided development of echocardiography, elastography may
assist in the diagnosis of deep endometriosis.
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Fig. 5. Rectal deep endometriosis and adenomyosis in a 36 year-old woman. (A) Transvaginal scan on the sagittal view. Note the
deviated axis of the uterine cavity in the fundus (arrows). This sonographic sign is called ‘Question mark sign’. The posterior wall of
the uterus is threefold thicker than the anterior wall suggesting adenomyosis. A hypoechoic anterior rectal lesion fixed to the posterior
uterine fundus is visible (asterisk). (B) The irregular thick lesion (asterisk) interrupted the hyperechoic peritoneal layer of the pouch of
Douglas causing retraction and adhesions (arrows), the so-called ‘Indian headdress’ sign in the anterior rectal wall. (C) Dual-mode gray-
scale sonographic (left) and strain elastography (right) sagittal images with transvaginal scan. The lesion is a clearly demarkable stiff
tissue. (D) Dual-mode gray-scale sonographic (left) and strain elastography (right) transverse images with transvaginal scan. The lesion
infiltrates the rectum, the hyperechoic uterosacral ligament (asterisk) and the hypoechoic vaginal wall (arrow). ‘R’ indicates rectum. (E)
Transvaginal scan of the rectum. Transducer is in the posterior fornix. Strain measurement between the lesion in the anterior rectal wall
(green circle) and the regular posterior rectal wall (orange circle). (F) Surgically removed specimen. The deep endometriosis nodule
(asterisk) protrudes into the bowel cavity.

In our case series, we did not study the effect of medi-
cal treatment on the stiffness of deep endometriotic nodules
because all surgeries were performed within 6 months of
recognition. None of the patients received hormonal treat-
ment during this period.

This method can be a valuable tool in the differen-
tial diagnosis of pelvic deep endometriosis. Improving
transvaginal ultrasonography with strain elastography may

assist in ruling out concomittant or alternative conditions
[48,49]. For example fluid-containing vaginal wall cysts,
rectal and bladder cancers, inflammatory bowel disease, or
perianal abscesses may become more easily distinguishable
from deep endometriotic nodules. Based on previous ultra-
sound elastographic examinations, benign adenomas of the
bowel show no significant difference compared to normal
intestinal wall thickness. Rectal cancer at different stages

6

https://www.imrpress.com


have increased stiffness values [50]. The application of
strain elastography to distinguish between rectal cancer and
deep endometriosis lesions infiltrating the rectum should be
the subject of further studies. Endometriosis is associated
with similar symptoms to Crohn’s disease, a common in-
flammatory bowel disease among young women of repro-
ductive age. In Crohn’s diseasewith intestinal strictures and
fibrosis, diffuse elevated stiffness was detected by elasto-
graphic examination [51]. Further prospective studies may
clarify the potential role of elastography in the differential
diagnosis of these two diseases.

4. Conclusions
In summary, we have described and demonstrated the

effectiveness of transvaginal strain elastography in the pre-
operative assessment of patients with DE. Using steps of
the IDEA protocol supplemented with strain elastography,
endometriosis nodules with different locations were clearly
detectable in the patients studied. The method is suitable
for accurate assessment of the extent of pelvic deep en-
dometriosis. Based on strain ratios, the hardness of the nod-
ules was a multiple of the healthy tissues. Laparoscopic
surgery and histologic examination confirmed the findings
of the transvaginal ultrasonography in all cases.

Further studies are needed to determine the location
and deep endometriosis nodule size for which the ultrasono-
graphic diagnostic performancewith this method can be im-
proved.
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