MRI with Susceptibility Weighted Image
(SWI) In Preoperative Evaluation Of
Patients With Suspected Pelvic
Endometriosis

Ohesis
Submitted for partial fulfillment of MD Degree in
Radiodiagnosis

By

Noha Mohamed Gamal El Deen
M.B., B.Ch., M.Sc

Supervised By
PROF. DR. ALIA ABDALLAH EL FIKY

Professor of Radiodiagnosis
Faculty of Medicine-Ain Shams University

DR. LOBNA ABDEL MONEM HABIB

Professor of Radiodiagnosis
Faculty of medicine-Ain Shams University

DR . YOSRA ABDEL ZAHER ABD ALLAH

Ass Professor of Radiodiagnosis
Faculty of medicine-Ain Shams University

Oraculty of Medicine
Ain-Shams (niversity

2018



Title Page No.
LSt Of TaBIES ....veeueiiiieiiiierieeeee e il
LSt Of FIGUIS...ceiviieiiiieciie ettt e e e e e e 4
List Of ABDIevIations ........cc.eevuerieriiiiienienieeiereieee et 11
INErOAUCTION ...t 1
AT 0f the WOTK....ooiiiiiiiiii e 5
(Rewew of Yiterature
Chapter 1: Anatomy of the Normal Female Pelvis....................... 6
* Chapter 2: MRI Anatomy of the Normal Female Pelvis............ 23
= Chapter 3: Pathology of Endometriosis........ccccceevveerveeenieeennenn. 33
= Chapter 4: Physical Principles Of SWI .......cccoooieiiiiiiiniennn 58
* Chapter S5: Role of mri and swi in detection of pelvic of
ENAOMEIIIOSIS . c.vveveeiienieeieesteete ettt 71
Patients and Methods...........cooiiiiiiiiiiiieee e 134
RESUILS .t 140
TTTUSTIAtIVE CASSESE ..ttt ettt ettt 148
DISCUSSION. ...ttt sttt sttt ettt et e s ae e 175
Summary and ConcluSiON.........cc.ceevvieeiiieeiieeeieeee e 183
REEIEINCES ...cuveiuiiiiiiiieieeeeee et 186

ATADIC SUMMATY ....vviieiiieeiiieeiee et e e eieeeeaeeesteeessaeeessaeeesaeessaeessseesaseeennnes -



List of Calbles

Table No. Title Page No.
Table (3-1): Role of the different theories in the

pathogenesis of endometriosis.........cccecveeereveerveeennee. 46
Table (3-2): Most common sites for endomertotic implants

and adhesions...........coceeviiiiiiiiiiiencee e 49
Table (5-1): Signal intensity resume for the analysis of

endometriosis at various MRI weightings................ 92
Table (6-1): MR Imaging protocol: .........ccceeeurevvenirenienieeieene 137
Table (7-1): Summary of patients’ complaints..............ccceeneee. 141
Table (7-2): Sites of endomteriotic implants............cccceueeeuvnnne. 143
Table (7-3): MRI signal intensity of ovarian lesions on

different pulse sequences...........cccceevveeevieneenneenen. 144
Table (7-4): Signal intensity of pelvic lesions as appeared

on different MRI sequences...........cccceeeeveenueeennennen. 145
Table (7-5): Comparison between SWI and the operative

results in the diagnosis of endometrioma (28

J 018 TS 11 ) USSR 146
Table (7-6): Diagnostic accuracy of SWI in detection of

eNdOMEtriomMaS: ......ceevveeriiiiiieiieeieeee e 146
Table (7-7): SWI results compared with operative results

in deep pelvic endometriosis (18 patients) ............. 147
Table (7-8): Diagnostic accuracy of SWI in detection of

deep pelvic endometriosis ........eeeveeeeeveeecereesneeennne. 147



Fig. No. Title Page No.
Fig. (1-1): PelViC VISCOTa.....ccovuiiieiiieeiieeeeeee e 7
Fig. (1-2): Peritoneum covering the female pelvic organs .......... 8
Figure (1-3): Anatomy of ureters and bladder .............cccceeeneeennenn. 9
Figure (1-4): The cardinal and uterosacral ligaments

provide support to the cervix and indirectly

the bladder base. ........ccceeveeiiriiniiiiee 12
Figure (1-5): Anatomy of the uterus, cervix and tubes.................. 15
Figure (1-6): Anatomy of the fallopian tube...........ccoecvveirnnenen. 16
Figure (1-7): Anterior view of the broad ligament ........................ 21
Fig. (2-1): Normal anatomy of the anterior pelvic

COMPATTMENT. ...eevvveeeeiiieeeeriireeeeiiee e e e e e e eireeeenes 23
Fig. (2-2): Zonal anatomy with endometrium..............c.cccuveenee. 25
Fig. (2-3): The zonal anatomy is well seen on central

uterine image including endometrium The

anal canal is also visible .......c.ccooieriiiiiniiinien, 26
Fig. (2-4): Sagittal T2ZWI, MRI CervixX.......cocvvvevervenienieniennenn 28
Fig. (2-5): Normal vagina in a patient in childbearing

AL e ennttteeeetteee e ettt e e et e e e e — e e e e rareeeaaaaaaeeentaeeeeann 29
Fig. (2-6): Trans-axial T2-weighted images normal

ovaries (arrows) are demonstrated in the

OVArian fOSSA......covrviiriiririirieeceeeeeeee e 30
Fig. (2-7): Ovarian location in cul-de-sac..........cccceeeveeecnveennenn. 30
Fig. (2-8): T2-weighted MR images showing graafian

TOLICIES .ot 31
Fig. (2-9): Parts of levator ani muscle in MRL........................... 32
Fig. (3-1): Laparoscopic view shows endometriotic

IMPLANES .o 48



Fig. No.

Fig. (3-2):

Fig. (3-3):

Fig. (3-4):

Fig. (3-5):

Fig. (3-6):

Fig. (4-1):

Fig. (4-2):

Fig. (4-3):
Fig. (4-4):

Fig. (5-1):

Title Page No.

Intraoperative view shows the surgeon
retracting the uterus to reveal three dark-
brown endometriotic implants in the cul-de-

SAC .utteiteetee e ettt ettt ettt ettt et sareeas 48
Left ovarian endometrioma in a 30-year-old
WOIMAIL. <.eevieiieenieeeireeieeeteenieeeneenteeeteesaeeeneesseeeeees 50

Right ovarian endometrioma in a 25-year-old
woman with transvaginal US scan shows an
echogenic ovarian cyst filled with low-level
€CHOES. ..o 51

Drawing illustrates ectopic endometrial glands
located deep in the myometrium, surrounded
by smooth muscle hyperplasia...........cccceeeveerneennnee. 56

Diagrammatic illustration of the pathology of
T (51010300 ) 0 ) (TR 57

SWI (a), original phase image (b), processed
single-section magnitude image (c), and
minimum intensity projection through eight
sections (d) show enhancement of the veins
and globipallidi (arrowheads in b—d),....................... 62

Diagram describing SWI processing with
sigmoid mask. Patient with calcification

EPOSIL ittt 64
SW phase image (*in right-handed MR
S £11S) 11 OO PSRR PR 68

Shows SWI images (hemorrhage VS
calcification) ........ccceeevviiiiiiecciee e 70

18-year-old woman with pelvic pain. Trans-
vaginal sonogram shows classic ovarian
endometrioma (arrow) with homogeneous low
level €ChOes. .....coveeieriiiiirice e 73



Fig. No.

Fig. (5-2):

Fig. (5-3):

Fig. (5-4):

Fig. (5-5):

Fig. (5-6):

Fig. (5-7):

Fig. (5-8):

Fig. (5-9):

Title Page No.

34-year-woman  with  difficult  bowel
movements for more than 10 years and left
ovarian endometrioma..........coccueeveerieenieenieeneennenns 75

37-year-old woman with chronic pelvic pain
on laparoscopy with cystic adnexal mass with
incomplete and thick septa ........ccceeeieviiiiieeniennns 76

Sagittal 2D T2-weighted MR images in the
same patient performed at (a) 1.5 Tesla and
(b) 3.0 Tesla provide similar good imaging
quality for the evaluation of pelvic anatomy,
especially uterine zonal anatomy............cccceeevveennenn. 78

Sagittal 2D  T2-weighted MR images
performed at 1.5 Tesla showing the benefits of
anti-peristaltic agents on image quality.
Imaging performed in the same patient before
(a) and after (b) administration of glucagon
demonstrating a dramatic improvement in the

Sagittal 2D  T2-weighted MR images
performed at 1.5 Tesla showing the benefits of
patient preparation on image quality. ..........cccoeeueenee. 82

Sagittal 2D T2-weighted MR images
performed in two different patients at 1.5
Tesla  following vaginal and  rectal
opacification with sonographic............cccceeeveerirennnnnn. 85

Sagittal 2DMR images performed at 1.5 Tesla
demonstrating the use of sonographic gel to
opacify and distend the vagina. .........c...ccceevvveeneen. 89

MRI study of a 35-year-old patient no
evidence of enhancement after administration
of contrast material is demonstrated......................... 93



Title Page No.

Fig. No.

Fig. (5-10):

Fig. (5-11):

Fig. (5-12):

Fig. (5-13):
Fig. (5-14):

Fig. (5-15):

Fig. (5-16):

Fig. (5-17):

Fig. (5-18):

Fig. (5-19):

Sagittal T2FSE image of an enlarged uterus
showing widespread thickening of the
Junctional Zone..........cceeveeeeiieeniieeciie e

a—c A 35-year-old woman with history of
painful defecation, in particular during
menses. The patient has multiple concomitant
bilateral small endometriomas..........c.ccccceeuennee.

Endometriotic involvement of the
uterineligaments in a 31-year-old woman with
chronic pelvic pain and a known history of
ENAOMELIIOSIS. .o.uveeeiieiieriieeiee et

MRI study of a 39-year-old patient presence
of a nodule in the rectovaginal pouch is visible

MRI study of a 31-year-old patient presence
of a nodule in the retrocervical area is visible...

MRI study of a 35-year-old patient
demonstrating thickening (9 mm in the right
USL and 7 mm in the left USL) USLs with the
presence of significant contrast enhancement ...

Endometriotic involvement of the
vesicovaginal septum in a 37-year-old woman .

(A) MRI study of a 29-year-old patient with
nodule ofendometriosis located in the dome of
the bladder coo.eeeneeeeeeeeeeeeeeee e,

(B).A 37-year-old woman presented with
micturition pain and hematuria during
MENSLIUALION. ..e.vvevieniiriieriieieeieeete et

MRI study of a 24-year-old patient With
nodule of endometriosis between sigmoid
bowel and posterior wall of the uterus. .............

..... 106

..... 108



Fig. No.

Fig. (5-20):

Fig. (5-21):

Fig. (5-22):

Fig. (5-23):

Fig. (5-24):

Fig. (5-25):

Fig. (5-26):

Fig. (5-27):

Fig. (5-28):

Title Page No.

A 36-year-old patient referred with chronic
pelvic pain and suspicion of pelvic
endometriosis. There is thickness of the distal
intrapelvic portion of the right round ligament ...... 110

a, bA 28-year-old woman complaining of
cyclic abdominal pain and painful tumefaction
of the right groin, who underwent medical
therapy for pelvic pain..........ccecveveeeciienienieeene, 111

A 3l-year-old woman referred with pelvic
pain, infertility, and US suspicion of
endometrioma This tissue causes extrinsic
stenosis of the wureter with associated
hydronephrosis .........cccccueeeeieeeiieeeciie e 113

Ureteral endometriosis in a 31-year-old
woman with chronic pelvic pain and left
hydronephrosis. ........ccccceeeveerieeiieenienieeie e 114

a, b A 39-year-old patient with cyclic
abdominal and right sciatic pain...........c.ccceeeeuennnee. 116

a, b A 45-year-old woman with history of
previous cesarean sections suffering from
localized abdominal pain at the site of a
palpable parietal mass. There is a mass which
strictly adjacent to the right rectus abdominis
MUSCIE ...t 118

a, b A 33-year-old woman with history of
pelvic pain and previous cesarean section. a
small nodular intramuscular lesion within the
right rectus abdominis muscle............ccceeeeveernennns 119

Susceptibility-weighted image right-sided
ovarian endomeEtrIOMA ...cueuuuneeeeeeeeeeeeeeeeeeeeeeeeeennnnn 121
Susceptibility-weighted image right-sided
ovarian endomeEtrIOMA ...cuuuenneeeeeeeeeeeeeeeeeeeeeeeeeennnnn 122



Fig. No.

Fig. (5-29):

Fig. (5-30):

Fig. (5-31):

Fig. (5-32):

Fig. (5-33):

Fig. (5-34):

Fig. (5-35):

Fig. (5-36):

Fig. (5-37):

Title Page No.
Susceptibility-weighted 1image 47-year-old
woman with right-sided ovarian
eNdOmMEtrioma. .........cecueerieriieenieeieeie e 123
Showing different appearance of
endometrioma on T2WI, with T2 shading
along the cyst wall..........ccoceiiviiiiiiiniiiieeeee, 124

Showing the typical T2 shading along the cyst
wall in the upper raw, with the appearance of
punctate or curvilinear signal voids on SWI
due to hemosiderin deposit at the lower row,......... 125

SWI can differentiate endometriotic and non
eNdOMELriotiC CYSt ..oevvieriiieiieiieeieeiie e 126

A 34-year-old woman with previous history of
cesareansection presented with a subcutaneous
mass in thelower abdominal wall, which was
painful during menstruation. ...........cccceeeeeveeeeenneene. 127

(a—d) A 40-year-old woman with previous
history of cesarean section, presenting with
cyclic pain, and swelling at the left abdominal
WAL oo 128

Demonstrating Large calcification on phase
images exhibiting inhomogenous intensity and
distinguishing from hemorrhage may be
difficult as both appearing as signal voids
thus interpretation of SWI may be
ProblematiC......cueeeeuiieeiiieciie et 129

Large amount of intestinal gas may cause
suboptimal SW images due to prominent
susceptibility artifacts. ........cccoeeeevienieeiiienieeieee. 129

Diffusion weighted images Endometrioma of
the left ovary in a 33-year-old woman..............ccc..c..... 131



Title Page No.

Fig. No.

Fig. (5-38):

Fig. (6-1):

Fig. (7-1):

Diffusion weighted images A 38-year-
oldpatient with progressive dysmenorrhea and
showing diffusion restricition in retro cervical

1egion (DPE).....cccoiiiiiiiceee

Example for planning of imaging slices for

MRI examination of the uterus. .......cceeeeeeeeeeeenennn.

Showing the percentage of patients’

complaints and associated findings ...........ccccc.....



List of Aldreviations

Abb. Meaning
2D e Two-dimensional

3D s Three-dimensional

AD Alzheimer's disease

DIE ...ccoovviiiien. Deep infiltrating endometriosis.

DPE ....ccoveirn. deep pelvic endometriosis
DWI..oooiiiiien. Diffusion-weighted imaging
ESUR.....ccovvene. European Society of Urogenital Radiology
FOV .., Field of view

GPP....ove Good practice point

GRE ..o Gradient echo

HASTE ..o Half-Fourier acquisition single shot turbo-spinecho
HD ..o Huntington's disease

IM e, Inttramuscular

IV Intravenous

LE i, Level of evidence

MIP ..o, Maximum intensity projection (MIP)
MRA ..o MR angiography

MRI.....ccoeeiieie, Magnetic resonance imaging
PD.iiies Parkinson's disease

ROS ..o Reactive oxygen species.

SC e Subcutaneous

SNR ..., Signal-to-noise ratio

SWI.oiiiiiiiiiiee Susceptibility weighted image
T Tesla

TIW oo, T1-weighted

T2W oo, T2-weighted

TE oo Time to echo

TVS. e Transvaginal sonography

US e Ultrasound

USL i, Uterosacral ligament.



ABSTRACT
Purpose of this study is to highlight the role of MRI with SWI in

preoperative evaluation of suspected cases with pelvic endometriosis.
Methods: 28 patients were included in our study. All patients had US
finding of cystic adnexal lesions with internal low levels of internal
echoes.

Results: Our study demonstrated that MRI with SWI is a significant
promising tool factor for pelvic endometriosis detection (ovarian and extra
ovarian lesions) with high sensitivity, specificity and accuracy.
Conclusion: SWI imaging with its high sensitivity to blood products,
contributes to the diagnosis of pelvic endometriosis by depicting different
phases of hemorrhage. Another advantage of SWI is the ability to
differentiate between blood products and calcification which provides
additional value to improve diagnostic ability of pelvic MRI.

Key words:

MRI SWI, DPE, EOE.



CIntroduction &

INTRODUCTION

Endometriosis is a chronic gynecologic disorder that is
characterized by the presence of ectopic endometrial
tissue outside the uterine cavity primarily as implants in the

peritoneal and ovarian tissue (Bulun, 2009).

Deep infiltrating endometriosis, which is manifested as
invasive tissue that infiltrate the adjacent structure at a depth
more than 5 cm, from the peritoneal surface is associated with
fibrosis and muscular hyperplasia. Ovarian lesions are
characterized by cysts and hemorrhagic contents (Bulun,
2009).

There is different theories implicated in the pathogenesis
of endometriosis indicating that the aetiology of endometriosis
is complex and multifactorial, involving hormonal, genetic,
immune, and environmental components including retrograde
menstruation, metaplasia, hormones, oxidative stress and
inflammation, immune dysfunction, apoptosis suppression,
genetic, stem cells and alteration of endometrial cell fate. While
retrograde menstruation may be one of the initiating steps in the
pathogenesis of superficial endometriosis, genetic and micro
environmental factors that prevent clearance of ectopic lesions
and allows remodelling of peritoneum are essential for the

propagation of endometriotic lesions (Sourial, 2014).
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Endometriosis may cause symptoms including chronic
pelvic pain and infertility, and increases susceptibility to the
development of ovarian cancer (Kobayashi et al., 2008). Other
symptoms like Secondary dysmenorrhea, deep dyspareunia,
sacral back ache with menses (Chapron et al., 2002). The
extent of the pain is influenced primarily by the location and
depth of the endometriotic implant, with deep implants in
highly innervated areas most consistently associated with pain
(Olive et al., 2001).

Other common manifestation include pre menstrual
diarrhea, cramping and dichasia, dysuria and haematuria are the
most common and relevant clinical manifestation (Chapron et
al., 2002).

A definitive diagnosis of endometriosis is based on
histologic confirmation of surgically resected lesions
containing endometrial glands and stroma, with various amount
of inflammation and fibrosis. A presumptive diagnosis of
deeply infiltrating endometriosis may be developed on the basis
of imaging by transvaginal ultrasonography (TVUS) and
magnetic resonance imaging (MRI), for many years
laparotomy, and laparoscopy were the only means of access to

pelvic endometriotic lesions (Chapron et al., 2002).

MR imaging provide comprehensive depiction of deeply
infiltrating endometrial lesions in pelvic and sub peritoneal

areas that are not easily accessible laparoscopically and the old
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haemorrhagic contents that characterize the endometriosis
giving its large field of view, multiplanner capabilities, and

outstanding contrast resolution (Bazot et al., 2009).

Magnetic resonance imaging has the advantage of non
use of ionizing radiation which is an important consideration in
women of reproductive age, less invasive than laparoscopy and
less observer dependent than the classic imaging techniques as
US. Furthermore, recent advances in MR imaging with phased-
array coil have created further imaging possibilities resulting in
excellent spatial and tissue contrast resolution and relatively
fast techniques (Ezzat et al., 2014).

SWI has been used in imaging of central nervous system
and recently in body imaging, too. SWI combines magnitude
and phase information from fully velocity compensated
gradient-echo sequence, and visualizes the susceptibility effects
caused by local in homogeneity of the magnetic field as signal
voids. SWI is more sensitive to the susceptibility difference
between tissues than is conventional T2*WI., SWI has
exquisite sensitivity to the blood products such as hemosiderin
and deoxyhemoglobin, and may contribute to the diagnosis of
various gynecologic pathologies with fresh or obsolete
hemorrhage (Takaeuch et al., 2009).

The ovaries are frequently involved and subsequent
cystic mass is formed as endometrioma. MRI can diagnose

endometrioma with high accuracy due to its high sensitivity to




