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Ultrasound in endometriosis
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=) Background

* 5% - 60% of women of reproductive age:
— Asymptomatic - 2 to 50%
— Dysmenorrhea — 40 - 60%
— Subfertility - 20 to 30%

* Functional endometrial glands and stroma in
sites outside the uterine cavity

* Diagnosis may be delayed by up to 8 years



Pathogenesis

Retrograde menstruation
mplantation on peritoneal surfaces

nflammatory response

Angiogenesis, adhesions, fibrosis, scarring,
neuronel infiltration

Anatomic distortion
Pain and infertility



Risk factors

Obstruction of menstrual outflow (mullerian anomalies)
DES exposure
Prolonged exposure to endogenous estrogen (early

menarche, late menopause, or obesity)

Short menstrual cycles

Low birth weight

Exposure to endocrine-disrupting chemicals
Genetic component

Consumption of red meat and trans fat



®/ Theories of pathogenesis

Retrograde menstruation (Sampson’s
Theory) ®
Endometrial fragments transported through

fallopian tubes at time of menstruation and
implanted at intraabdominal sites

Mullerian (Coelomic) metapalasia i
(Meyer’s Theory) v
Metaplastic transformation of pelvic

peritoneum during embryonal
organogenesis

Lymphatic spread (Halban’s Theory)

Substances released/shed from
endometrium induce formation of
endometriosis



//upload.wikimedia.org/wikipedia/commons/a/af/Endometriosis_loc_en.svg

Etiology

Immunologic factors

A

Different function @
eutopic endometrium
Environmental factors
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B Peritoneal endometriosis — retrograde menstruation
B Ovarian endometriosis — coelomic metaplasia
m Rectovaginal septum — mullerian remnants
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Surgical findings

Endometriosis

.
.

Adhesions
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AMERICAN SOCIETY FOR REPRODUCTIVE MEDICINE
REVISED CLASSIFICATION OF ENDOMETRIOSIS
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1 2 4
4 16 20
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| Copyright © The McGraw-Hill Companies, Inc. All nights reserved.




& Stages of pelvic disease

Stage | minunal

Stage 11, moder ate Slage IV, severe
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Imaging and endometriosis

Transvaginal ultrasonography
Magnetic Resonance Imaging
Rectal endoscopic ultrasound
Helicoidal CT scan
Rectosigmoidoscopy

Barium enema (double contrast)

Principles:
— Make the most accurate pre operative diagnosis:
* Keep number of additional investigations to minimum

* Place emphasis on least costly, least invasive if
comparably efficient (Chapron 2004)



&) Current status of US diagnosis

* Diagnosis of endometriomas:
— Typical and atypical findings
— Diagnostic accuracy for endometriomas — 97% spec., 90% sens.
(Guerriero 1998, Raine-Fenning 2008, Alcazar 2010, Van Holsbeke 2010)
e Severity in deep endometriosis:
— Organ oriented sonography
— Pelvic adhesions (Guerriero 2009)

— “Tenderness guided” transvaginal sonography - spec. 95%, sens. 90%
(Guerriero 2007, Guerriero 2008)

— Bowel preparation (Pereira 2009)
— Rectovaginal and rectosigmoid nodules (Goncalves 2009, Pascual 2010)
— US is first line imaging examination (Piketty 2009)

e 3D ultrasound capabilities (Guerriero 2009, Pascual 2010)

Heavily operator dependent



%...H Ultrasound to optimize endometriosis
surgery

* How does US add information for the surgeon?

* Preparation for surgery

* Plan multidisciplinary surgical involvement
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Ovarian endmetriosis:
Endometriomas



'®/ Optimal rule for endometriomata

* “adnexal mass in a premenopausal patient with ground glass echogenicity of the
cyst fluid, one to four locules, without a solid component”

* When tested on the whole IOTA dataset, this rule gave a specificity of 98%

Van Holsbeke UOG 2011



http://radiology.rsna.org/content/254/2/342/F5.large.jpg

* Wall nodularity — 20%

* Hyperechoic wall foci result from cholesterol crystals break-up from
chronic hemorrhage - 30% (old cysts)


http://radiology.rsna.org/content/254/2/342/F5.large.jpg

‘@, Typical vs. atypical Endometrioma

* Typical endometrioma:
— Unilocular
— Ground glass (homogenous)
— +/- wall nodularity
e Atypical endometrioma:
— Bi or multilocular
— Not ground glass
— Retracted blood clots
— Calcifications
— Papillary projections with vascularization in pregnancy, calcified
— Completely atypical
* Malignization: 0.3-0.8%



&, Color Doppler in endmetriomas

ATYPICAL TYPICAL
A
B-MODE FINDINGS
CDE
EVALUATION
presence of arterial flow absence of arterial flow "poor" nieh”
in the echogenic portion in the echogenic portion vascularization vascularization
B
CDE FINDINGS
Non endometrioma Endometrioma Non endometrioma

Endometrioma = round-shaped homogeneous hypoechoic ‘tissue’ of low-level echoes without papillary proliferations
was visualized (A)
Colour Doppler = typical B-mode findings associated with ‘poor’ vascularization or B-mode findings with an echogenic
portion without arterial flow

Guerriero 1998



Thin septations

Low-level echogenicity,
thick septations, and a
soft-tissue component
caused by clot formation,
multilocularity
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http://imaging.consult.com/image/topic/dx/Obstetrics and Gynecology?title=Endometriomas, Ovarian&image=fig2&locator=gr2&pii=S1933-0332(07)70575-X
http://www.jultrasoundmed.org/content/26/8/993/F13.expansion.html
http://www.jultrasoundmed.org/content/26/8/993/F3/graphic-3.large.jpg
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Differential diagnosis

Luteal cysts
Cystadenomas
] All may have low level echoes
Pyosalpinges
Dermoids

Ovarian cancers

Pattern recognition enables diagnosis by experienced sonographers (I0OTA)



'®/  Endometriomas in pregnancy

* Most decidualized endometriomas (82%) - vascularized
rounded papillary projections with a smooth contour in
an ovarian cyst with one or a few cyst locules and
ground-glass or low-level echogenicity of the cyst fluid




Endometriomas in pregnancy

Previously known endometrioma
Round pearly papillation



Endometriomas and malignancy

Subjective impression — misclassification of
malignancies as endometriomas in 0.2-0.9%

Characteristics differ in pre-menopausal and post-
menopausal women

Postmenopausal with ground glass — high
malignancy risk

Precursors of endometrioid BOT which may
progress to low-grade invasive carcinoma

Associated clear-cell BOT

Testa 2011, Van Holsbeke 2010, Lalwani 2010



Endometriomas and malignancy

* Vascularized solid component

* |n pregnancy difficult differentiation between
BOT and decidualised endometriotic cysts

* Decidualised endometriomas — 82% 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

Fruscella 2004, Mascilini 2014 online
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Uterus
Har-high
Pwr 100G
Gn 1

C8 /M5
E3

1 D 0.88cm
2 D D0.89cm

BOT serous
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Uterus gemis X Rt Ov-PS 6.89cm/s
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Penetration
_ 7.80 - 1.80
BPwr 100Q

1 D 3.06cm i
2 D2.09cm 1 D3.15cm

Invasive micropapillary serous Ca
arising in BOT serous

1 D1.63cm
2 D1.16cm




Har-high
Pwr 100G

1 D&087cm
1 D5.02cm Z D325cm
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WMF 190 Hz
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44 years old, long standing endometriosis, S/P breast cancer BRCA neg, tamoxifen Rx

Multilocular solid tumor, color score 2-3

Pathology: endometriosis




‘@&, 3D characteristics of endometriomas

RICS9IGYN MIT1.2" University of Nottingham

S1cm 1 26H2 Tis 02 22052006 09:15:03 AM

3 D of an endometrioma:
classic morphological characteristics: consistent smooth texture within the body of the cyst,
thickened fibrotic capsule and an echodense nodule within the wall of the cyst.

Raine-Fenning, 2008
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Can ultrasound diagnose more
than just endometriomata?



‘@  Superficial endometriosis

Almost 100% of patients with endometriomas
have superficial disease elsewhere

Up to 15% of normal asymptomatic healthy
women

Not visible by imaging?
But in the absence of endometrioma?
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Pelvic adhesions

Diagnostic challenge

Peritoneal disease and adhesions are more
common than endometriomas

Particularly in women with infertility or chronic
pelvic pain without endometriomas

Evaluate mobility
Site-specific tenderness
Loculated peritoneal fluid



'®/ Soft markers and hard markers

* On transvaginal ultrasound - these markers are in
correlation with endometriosis and adhesions at
laparoscopy

e Soft markers:
— Site specific tenderness
— Reduced ovarian mobility

e Hard markers: Soft marker analysis
) Improves sensitivity for
— Endometrioma peritoneal endometriosis
From 34-87%, NPV 84%

— Hydrosalpinx

Okaro 2006
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Ultrasound Obstet Gynecol 2016 ( ’
Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.15955 |

Systematic approach to sonographic evaluation of the pelvis
in women with suspected endometriosis, including terms,
definitions and measurements: a consensus opinion from the
International Deep Endometriosis Analysis (IDEA) group

S. GUERRIERO!#, G. CONDOUS?#, T. VAN DEN BOSCH?, L. VALENTIN*, F. P. G. LEONE’,
D. VAN SCHOUBROECK?, C. EXACOUSTOS®, A. J. F. INSTALLE’, W. P. MARTINS?,

M. S. ABRAO?, G. HUDELIST'?, M. BAZOT!, J. L. ALCAZAR!?, M. O. GONCALVES!3,

M. A. PASCUAL™, S. AJOSSA!, L. SAVELLIS, R. DUNHAM!'¢, S. REID'”, U. MENAKAYA!3,
T. BOURNE", S. FERRERO??, M. LEON?!, T. BIGNARDI??, T. HOLLAND?3, D. JURKOVIC?3,
B. BENACERRAF?, Y. OSUGA?’, E. SOMIGLIANA?® and D. TIMMERMAN?



Procedure

Routine evaluation of uterus and adnexa
(+ sonographic signs of adenomyosis/presence or First step
absence of endometrioma)

Evaluation of transvaginal sonographic
‘soft markers’ Second step
(i.e. site-specific tenderness and ovarian mobility)

Assessment of status of POD| using real-time

ultrasound-based ‘sliding sign’ Third step

Dynamic ultrasonography

Assessment for DIE nodules in

anterior and posterior compartments Fourth step

Figure 1 Four basic sonographic steps for examining women with
clinical suspicion of deep infiltrating endometriosis (DIE) or known
endometriosis. All steps should be performed, but not necessarily in
this order. Note, bladder should contain small amount of urine.
Dynamic ultrasonography is when the operator performing the
ultrasound examination assesses both the pelvic organs and their
mobility in real-time. POD, pouch of Douglas.
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@, Sliding sign and POD obliteration

* Sliding sigh — anterior rectum glides over posterior
aspect of cervix and posterior vaginal wall

 Prediction of POD obliteration

* |ncreased risk for bowel
endometriosis

* DIE of rectum
— Sensitivity 83.3-85%
— Specificity 96-97.1%
— Accuracy 93.1%
* Anterior sliding sign — gliding
over anterior plica

Guerriero 2010, Okaro 2006, Holland 2010, Hudelist 2013, Reid 2013
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Figure 2 Schematic drawings demonstrating how to elicit the ‘sliding sign’ in an anteverted uterus (a) and a retroverted uterus (b).
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Adhesions to the ovaries

* Applying pressure between the uterus and ovary:
* 3 features are suggestive of ovarian adhesions:

— Blurring of the ovarian margin
— Inability to mobilize the ovary on palpation (fixation)
— Increased distance from the probe

* Sensitivity and specificity of 89% and 90%,
fixation of the ovaries to the uterus

Guerriero 2010
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Criteria

Kissing ovaries

Kissing
ovaries

Non kissing
ovaries

Bowel
involvement

18.5

2.5

Fallopian tube
obstruction

80

AFS score

74

Operating time

115 min

1 D 3.34cm
2 D 38bcm
3 D213cm

04.06.2015

Har—hig[l
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RIC5-9-D/GYN Ml 1.0 Tel HaShomer, 117
4.2cm/1.2/25Hz Tis 0.1 08.06.2015  11:29:46

uterus




)
]
i -
® h J
3 S

) &

S
? v o

e Tu
e AC

Tubal disease

pal disease in conjunction with peritoneal disease
hesions alter normal tubal course or occlude the

tu
e Sa

De
ctosalpinx - “cogwheel” sign- dilated fallopian tube

with thick walls and incomplete septa

hy

Hydrosalpinx — “beads on a string” sign —

perechoic mural nodules measuring about 2—

3mmand seen on cross-section of the fluid filled
distended structure

TOA complex

Timor-Tritsch, 1998
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(&) Flapping sail sign

* |nvestigate the adherence/movement of adjacent
structures

* In presence of pelvic fluid one can see fine septa
between the organs




Diagnosis of deep

endometriosis:
DIE

(deep infiltrative endometriosis)




S Posterior compartment

Figure 4 Schematic drawing (a) and ultrasound image (b) demonstrating our proposed ultrasound definition of the rectovaginal septum
(RVS). (a) The RVS is denoted by the double-headed green arrow, below (anatomically) the blue line passing along the lower border of the
posterior lip of the cervix. The posterior vaginal fornix lies between the blue line and the red line (the latter passing along the caudal end of
the peritoneum of the lower margin of the rectouterine peritoneal pouch (cul-de-sac of Douglas)). (b) The upper delimitation of the RVS is

where the blue line passes along the lower border of the posterior lip of the cervix.



&) Distinction

Figure 10 Schematic drawing demonstrating distinction at
ultrasound between segments of the rectum and sigmoid colon for
specifying location of deep infiltrating endometriotic lesions: lower
(or retroperitoneal) anterior rectum (1); upper (visible at
laparoscopy) anterior rectum (2); rectosigmoid junction (3); and
anterior sigmoid (4).



Bowel involvement

Antimesenteric portion of the rectosigmoid junction and the
rectum

Hypoechoic fixed nodule behind the cervix, attached to the bowel
wall

External margins of the nodule are hyperechoic (presence of
congested adipose tissue, submucosa and mucosa)

* Some nodules manifest internal hyperechoic spots (calcified
portions)

* Power Doppler - few blood vessels within and around the nodule

* 93% - second deep location
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® Rectosigmoid nodules

Gyn.

Th20/Qual high1
B95°/v90°
Mix100/0

Gyn.
1 Th20/Qual high1
B95°/\/90°

Mix100/0

1 D1.22cm
2 D1.84cm
3 D 0.63cm

Indian headdress sign

1 D274cm
2 D0.79cm
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Mucosal infiltration

Infiltration of the mucosa




Bowel endometriosis

1 D3.24cm
2 D1.67cm
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'® Uterosacral ligament involvement




‘@' Vagina and rectovaginal septum

e Sensitivity if isolated — 29%

* Implants located on the posterior vaginal fornix
close to the uterine cervix can be visualized

* Those located in the posterior vaginal wall and
the rectovaginal septum may be missed

* |Increasing the amount of ultrasound gel inside
the probe cover may aid diagnosis



Rectovaginal nodule
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Urinary tract involvement

1-2% of endometriosis patients

90% of these — bladder

Non-specific symptoms:

— mimicking recurrent cystitis with dysuria, urgency, frequency,
suprapubic pain, vesical tenesmus, incontinence and
hematuria

Tilt transducer upward, painful

Hypoechoic, isoechoic, bubble like areas
Location:

— Bladder base, dome

Nodular, comma shaped

Small internal echoes — 30%



Anterior compartment

Extra-abdominal
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Bladder dome

Figure 3 Schematic drawing illustrating the four bladder zones:
trigone, bladder base, bladder dome and extra-abdominal bladder.
The demarcation point between the base and the dome of the
bladder is the uterovesical pouch.
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‘&, Anterior compartment involvement

0 g o

1 D227em
2 D0.94cm




'S Bladder detrusor endometriosis penetrating from
N anterior uterine wall - hourglass appearance

Gyn.
Qual high1
, B97°//90°
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2 D 0.90cm



Virtual cystoscopy
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wall endometriosis
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Pelvic congestion syndrome
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Other modalities
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Comparison between clinical examination, transvaginal
sonography and magnetic resonance imaging for the
diagnosis of deep endometriosis

Mauricio S. Abrao', Manoel Orlando da C. Gongalves?, Joao Antonio Dias Jrl,
Sergio Podgaec', Luciana P. Chamie® and Roberto Blashalg®

Diagnostic accuracy of physical examination,
tfransvaginal sonography, rectal endoscopic
sonography, and magnetic resonance imaging
to diagnose deep infiltrating endometriosis

Marc Bazot, M.D.,* Clarisse Lajort. M.D.* Roman Rouzier, M.D.." Gilles Roseau, M.D.°
Isabelie Thomassin-Naggara, M.D., Ph.D.." and Emile Darai. M.D., PA.D."

Services de * Radiologic and " Gynecologie-Obstemigue, Hopital Tenon: and * Centre Chirurgical Trocadero, Département
d'Endoscopic Digestive, Pans, France

US better than MRI
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MRI better than US
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Learning curve in the detection of ovarian and deep endometriosis by using

Magnetic Resonance
Comparison with surgical results

Luca Saba®*, Stefano Guerriero?, Rosa Sulis®!, Monica Pilloni?, Silvia Ajossa®®!,

Gianbenedetto Melis®, Giorgio Mallarini®'

3 Department of Sclence of the Images, Azlenda Ospedallero Universitaria d! Cagliari, s.s. 554 Monsesrato (Cagliarl
b Department of Cynoecology, Azienda Ospedaliero Universitaria di Cagliari, Via Ospedale (Cagliart) 09100, Italy

Presence of a learning curve!

Also the radiologist have to know and learn

the findings associated with presence of
the deep endometriosis

Creation of dedicated team
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Table 1. MRI and tg-TVUS in Recto-sigmoid Endometriosis Detection

MR tg-TVUS
Specificity 90% (76%-97%) [26/29] 86% (V2%-95%) [25/29]
Sensitivity T3% (60%-80%) [22/30] T3% (B0%-82%) [22/30]
LR + 7,089 5317
LR - 0,297 0,309

Saba Saba, JMRI 2011




e
S5
e =
© O
E =2
o O
o >
2l L




Right uterosacral ligament




©  Comparison between modalities

Location Test PE (%) TVUS (%) RES (%) MRI (%)
Overall Sensitivity 83 86 73 95
Uterosacral Sensitivity 73 78 48 84
Accuracy 74 77 47 85
Rectosigmoid | Sensitivity 46 94 89 87
Accuracy 54 96 89 87
Vaginal Sensitivity 50 47 7 80
Accuracy 75 79 70 84
Rectovaginal Sensitivity 18 9 18 55
Accuracy 87 88 86 94




Diagnosis of deep endometriosis
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Diagnosis of deep endometriosis

Authors

Methods

Prevalence

Location

Sensitivity

Specificity

Bazot et al.

Radiology 2004
N=135

MRI

84%

ALL

90%

91%

Kataoka et al.

Radiology 2005
N= &7

MRI

53%

cul de sac

68%

76%

Fedele et al.

Obstet Gynecol 1938
N= 140

TR

24%

recto-vaginal

97%

96%

Bazot et al.

Hum Reprod 2003
N= 30

Rectal endoscopic
sonography

93%

96%

83%

Bazot et al.
Hum Reprod 2003
N=30

TVS

93%

89%

50%

Dessole et al.
Fertil Steril 2003
N= 46

TVS

69%

recto-vaginal

44%

50%

Dessole et al.
Fertil Steril 2003
N= 46

TVS

69%

recto-vaginal

91%

86%

Bazot et al.

uoG 2004
N=142

TVS

56%

ALL

78%

95%

Guerriero et al.

Fertil Steril 2007
N= 50

TVS

tendemess-guided

62%

90%

95%




&, Barium enema

barium enema examination
of a 32-year-old woman
with chronic pelvic pain
demonstrates an abnormal
mass defect in the
rectosigmoid area



&, TVS first line imaging
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Human Repreoduction, ¥Vol.24, No.3 pp. 601-607, 2009
Advanced Access publication on December |7, 2008 doi: 101093/ humrep/dend(5
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Preoperative work-up for patients with
deeply infiltrating endometriosis:
transvaginal ultrasonography must
definitely be the first-line imaging
examination

Mathilde Piketty!, Nicolas Chopin!, Bertrand DoussetZ,
Anne-Elodie Millischer-Bellaische?, Gilles Roseau', Mahaut Leconte?,
Bruno Borghese'*, and Charles Chapron'-45¢
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How can we improve?

Develop a reporting system
Operator training

Bring the sonographer into the OR
— Literally
— Videos and audit

Feedback
Shorten the learning curve
Dedicated multidisciplinary team



Learning curve

Disease location Cases Sensitivity  Specificity NPV Accuracy

(n=94) (%) (%) (%) (%)

Right endometrioma 42 (55.3%)

Left endometrioma 42 (55.3%)

Uterosacral ligaments 49 (52.1%)

Posterior compartment 50 (53.2%)

Bladder 11 (11.7%)
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Principles

“Hard markers” — endometrioma, hydrosalpinx

“Soft markers” — adhesions (mobility), pain

Deeply infiltrating endometriosis (DIE)

Specific signs:

— ‘ear sign’, ‘flapping sail sign’, ‘acoustic streaming’,
‘kissing ovaries’, ‘sliding sign’

Additional techniques:

— Color Doppler
— 3D



Summary

ANTERIOR
COMPARTMENT

BLADDER BASE BLADDER DOME URETER

T

‘DIABOLO-LIKE" NODULE

POSTERIOR
COMPARTMENT

POUCH OF DOUGLAS OBLITERATION
RECTUM & RECTOSIGMOID
T Bowel (rectum & sigmoid) Peritoneal cavity © Uterosacral ligaments
9 Vagina — Uterus ' Anal sphincter
"~ Bladder @ cncomerrioticnodule <7 Adhesions

Figure 13 Schematic drawings giving overview of anterior and posterior compartmental locations of deep infiltrating endometriosis.
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TVS should be the first-line imaging technique to select patients for
surgery and to predict the presence (and localization) of severe
endometriosis

Allows planning of multidisciplinary surgery

Superficial endometriosis is not clearly visible at ultrasound, but
‘soft markers’ are important to increase diagnostic sensitivity

In doubtful or difficult cases other preoperative investigations may
be used

A “normal” ultrasound does not rule out mild peritoneal
endometriosis

Heavily operator dependent
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