


Abstract

Magnetic Resonance Spectroscopy (MRS) and Diffusion Techniques (DWI) are
currently being used more extensively than conventional Magnetic Resonance
Imaging (MRI) in diagnosing lesions, therefore the main objective of this study
was to evaluate the accuracy of MRS and DWI in characterization of female
breast cancer. The data was collected from 100 patients with breast lesions in
Saudi German Hospital using MRS and DWI. MRI was performed using a 1.5-T
system (Magnetom symphony 1.5 Tesla, Siemens-Germany). For Magnetic
Resonance Spectroscopy a Single-voxel MRS (SVS) was applied using a
Point-resolved Spectroscopy Sequence (PRESS). All patients underwent
diffusion weighted images with b values, 500, 1,000, 1,500, 2,000, and 3,000
s/mm®. Apparent Diffusion Coefficient (ADC) values were generated
automatically through soft-ware system. If a high-signal-intensity lesion was
detected in high-b-value (b = 3,000 s/mm?) images, that lesion was defined as
malignant. We observed that the signal-intensity of benign lesion disappeared in
the high-b-value (b = 3,000 s/mm?) and continue in brightness in case of
malignant. The ADC values of the mass was calculated from two different
gradient factors (b; = 500 s/mm? and b* = 1,500 s/mm?) for positive results. For
the in vivo MRS studies, each spectrum was evaluated for the presence of
choline based on consensus reading, the results of this study showed that the
sensitivity, specificity and accuracy of MRS were 100%, 90% and 93%
respectively. For DWI, lesions with ADC values (> 1.5 mm?*/s) were considered
benign where as lesions with ADC values (< 1 mm?s) were considered
malignant, those lesions with ADC values (>1-<1.5 mm?®s) represented the
overlap cases (between benign and malignant). This method of using ADC values
for the detection of malignant lesions showed a sensitivity, specificity and
accuracy of 96%, 86% and 89% respectively. In conclusion MR spectroscopy

was useful for characterizing breast lesions measuring 1.5 cm or larger and
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diffusion-weighted imaging was useful for characterizing small and large lesions

despite of overlap in some cases.

81 ey i e Wl psie (DW) (uabdisal s sy (MRS) ualaisll (i) oilly o

g dal ] 838 o i)l gl (8 Ay (U] eesi (b (MRI) ol blizall (a3l gl (1
g 8 35 2B B (S Pl et (§ peabdiiall i) iy nallitall ) il ol 85 i
& DWI 3 MRS dssils Gl (ogrd] (atine (b sl il (o Cpgilay ange 100 (o il
adllaod (Llod] iare DL 1.5 ayigher. Magnetom) s plssily coadisall ity gl o]
) @l bl Jules > abis il (SVS) JuSe dolel MRS s 6 (oalizall ()
s/mm” 500 s/mm* 1.000 s/mm*) -pill zo jLai¥ &isd (o)l > a2 sy (PRESS
ol s M o Wil (ADC) Jolro L] adgs 6 . (S/mm? 3.000 4 .1.500. 2.000 s/mm?
« (b = 3000 s/mm?) s aJla) dasdd) 5 (b LS ale BN o ol 513 oS 5. g did
b = 3000 ) adlel desil] b cais) Baresd] B sas s Of LhsY atnsdl W e @
Jolsal) (o i) AliS (e ADC il oo 6 . a3u5d) B A b gdadl (6 iy (s/mm2
deil L dnb ) Gess ol (e (b = 500 s/mm? and b? = 1,500 s/mm?) z il dalisall

e 793 5790 4100 =5l§ MRS dbag ducgs g el (o Ll )l a3 25 gy « 36l glas)

ADC ((> 1.5 mm%s ol zo U ,(DWI) (pabdinall LY dras dladyy asmill dilly . Jsdl
ADC(>1-< ol W, & =il (ADC (< 1 mm?¥/s il zo W cpric) binbasa> <picl
el dd ) e 2l gy L (ansdly sasasd] () (3l e e oS (1.5 mm¥s
O sl s . Jsd) e 789 4 786 196 =58 ADC il dssicly ,(DWI) 535 ducyi

) comabdisall il iy ] 5] 1.5 lgaoror () (gl ] et Jasie (MRS) (i) ol

M gy (b ST e () (e ool 88 Bpadl UM s} Basie ulS (DWI

1ii



| health for her' /



Acknowledgemen*

This thesis would not appear in its present form without the help of my
almighty God and kind assistance and support of the following individuals.
I am heartily thankful to my supervisors, Professor Radi Mohamed Ali Warda, and Dr.
Mohammed Al-fadil, for their encouragement, educational support, endurance and
guidance from the initial to the end of the research. Without them none of this would
have been possible. I extremely grateful to Dr. Bushra Hussein for his guidance and
help in the preparation of thesis proposal and presentation until it was cleared by the
relevant committee. My sincere thanks goes to Dr. Manal Murad—the dean of female
college at King Abdul Aziz University; who has supported me both professionally and
personally and who continued to encourage me. In particular to Mr. Abdulhamid
Al-Shamy-MRI technologist for his help and support and Dr. Hala Thabit, for her
encouragement and support.

Last but not the least; I would like to thank my family and my parents; Osman
Mohammed Saeed and Mariyam Ali, for giving birth to me at the first place and
supporting me spiritually throughout my life, and my dear brothers and sisters for their
continuous prayers, help and support. Special thanks go to my brother Mohammed and
my sister Najla.

At the end, I offer my regards and blessings to all of those who supported me in any

respect during the completion of the thesis.

Ikhlas Osman



Uist of Figure

Figure# Details Page #

Fig.2-1 Anatomy of the breast............c.coooeviiiiiiiininiiinn. 7

Fig.2-2 Blood and lymphatic system of the breast...................9

Fig.2-3 Noninvasive Breast Cancer.............ccooveviieiiineiinnnn 25
Fig.2-4 left Breast CanCer.........o.vveeveivnireiiiieiieieeeen, 28
Fig.2-5 Infiltrating ductal carcinoma with necrosis................. 28
Fig.2-6 Inflammatory Breast Cancer.............c.ccoovvieiniiennnne. 30
Fig.2-7 Breast Cancer — Paget’s disease...........c..c.c.ccoeen... 30

Fig.2-8 Normal Mammogram..........c.eveerueiiienineneennnnnn. 33
Fig.2-9 Normal Ultrasound of Breast.............cccoviiiiniinnnne. 36
Fig.2-10 Normal MRI Breast.........ccoviiiiiiiiiiiiiiiiiiiiee, 39
Fig.2-11 Several tumor types respond to contrast..................... 41
Fig.2-12 (DCE MR) Benign enhancement pattern.....................42
Fig.2-13 (DCE MR) malignant enhancement pattern.................42
Fig.2-14 (DWI) invasive ductal carcinomas............c...ccceeuuenen. 45
Fig.2-15 (DWI) benign fibrocystic change with hyperplasia.........45
Fig.2-16 MRS Volume Selection.............coooeiiiiiiiiiiiiiiiiinn. 51
Fig.2-17 Sagittal non-fat-suppressed T1-weighted MR breast......52

vi



listof Tables and Grap

Figure# Details Page #
Table (4-1): Class intervals and frequencies for age group............c.ccocvvvvenneinnnnn.. 78
Graph (4-1): Age distribution by using the class intervals and frequencies............... 78
Table (4-2): Histopathological findings ............ccccoeiiiiiiiiiiiiiiiii e 79
Graph (4-2): Reflects the result obtained from histopathological findings................ 79
Table (4-3): Crosstabs Breast masses * histopathology Crosstabulation .................. 80
Table (4-4): Crosstabs histopathology * ADC Crosstabulation ................c.ccoouvne. 81
Table (4-5): Breast masses * histopathology * coline peak Crosstabulation ..............82
Table (4-6): Breast masses * histopathology * coline peak Crosstabulation.............. 83
Table (4-7): Crosstabs histopathology * type of tumour Crosstabulation.................. 83
Table (4-8): Crosstabs histopathology * signal Crosstabulation.................................84
Table (4-9): Crosstabs Breast masses * histopathology * signal Crosstabulation.........84
Table (4-10): Crosstabs histopathology * shape Crosstabulation........................... 85
Table (4-11): Classification Function Coefficients ...............ccooiiiiiiiiiiiiiiiinin, 86
Table (4-12): Classification ResSults..........cceiiiiiiiiiiiiii i i 86

vii



Abbreviations

MRI Magnetic Resonance Imaging

MRS Magnetic Resonance Spectroscopy
MRSI Magnetic Resonance Spectroscopy Imaging
DCE Dynamic contrast enhanced

ADC Apparent diffusion coefficient

Cho Choline

ADC Apparent Diffusion Coefficient

DCIS Ductal carcinoma in situ

LCIS Lobular carcinoma in situ
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