
 

 

 

Breast Screening by MRI 
 

Essay 

Submitted for partial fulfilment of Master Degree in 

Radiodiagnosis  

 

By 

Nouran Gamal Ibrahim El Gharabawy 

 M. B, B.Ch 

 

Under the supervision of 

Prof. Dr. Faten Mohammed Mahmoud Kamel 

Professor of Radiodiagnosis  

Faculty of Medicine - Ain Shams University  

 

Dr. Aya Yassin Ahmed  

Assistant Professor of Radiodiagnosis 

Faculty of Medicine - Ain Shams University  

 

Faculty of Medicine  

Ain Shams University 

2015 
 



 

 

 

 
 

وقُلِ اعْمَلُوا فَسَيَرَى اللَّهُ عَمَلَكُمْ 

 ورَسُولُهُ والْمُؤْمِنُونَ

 

 

 

 

 



 

First, thanks are all due to Allah for Blessing this work 

until it has reached its end, as a part of his generous help 

throughout our life.  

My profound thanks and deep appreciation to Prof. Dr. 

Faten Mohammed Mahmoud Kamel, Professor of 

Radiodiagnosis, Faculty of Medicine - Ain Shams University for 

her great support and advice, her valuable remarks that gave me 

the confidence and encouragement to fulfill this work. 

I am deeply grateful to Dr. Aya Yassin Ahmed, Assistant 

professor of Radiodiagnosis, Faculty of Medicine - Ain Shams 

University for adding a lot to this work by her experience and for 

her keen supervision.  

I am extremely sincere to my family who stood beside me 

throughout this work giving me their support.  

 
 Nouran Gamal Ibrahim El Gharabawy 

 



List of Contents 

Page  

Acknowledgement ....................................................  -- 

List of Abbreviations  ...............................................  i 

List of Figures  ..........................................................  ii 

Introduction. ..............................................................  1 

Aim of work. .............................................................  4 

Anatomy of the breast.  .............................................  5 

Pathology of the breast cancer. .................................  14 

MRI screening imaging technique in breast cancer.  29 

MRI manifestations of screening scans. ...................  47 

Summary and conclusion. .........................................  81 

References. ................................................................  83 

Arabic summary. .......................................................  - 



 

- i - 

List of Abbreviations 

ADC  : Apparent diffusion coefficient  

BCT  : Breast conserving therapy  

DCIS  : Ductal carcinoma in situ  

Gd-DTPA  : Gadolinium diethylene triamine penta aceticacid 

IBC  : Inflammatory breast cancer  

IDC  : Ductal carcinoma  

ILC  : Invasive lobular carcinoma  

LCIS  : Lobular carcinoma in situ  

LIN  : Lobular intraepithelial neoplasia  

LVI  : Lymphovascular invasion  

MCB  : Carcinoma of the breast  

MRI  : Magnetic resonance imaging  

MRI  : Magnetic resonance imaging  

NOS : Not otherwise specified  

NST  : No special type  

ROI  : Region of interest  

  

http://en.wikipedia.org/wiki/Magnetic_resonance_imaging


 

- ii - 

List of Figures 

Fig. Title Page 

1 Breast anatomy. 6 

2 Blood supply and venous drainage of the breast. 7 

3 Lymphatic drainage of the breast. 9 

4 MRI anatomy of the breast.  11 

5 MRI anatomy of the breast. Sagittal T1-

weighted image without fat saturation. 

11 

6 MRI anatomy of the breast.  11 

7 MRI anatomy of the breast (A) Sagittal T1-

weighted image, no fat saturation (B) Sagittal 

T1-weighted image, with fat saturation, no 

contrast. 

11 

8 MRI anatomy of the breast (A) Axial T1-

weighted image, with fat saturation, post 

gadolinium contrast, (B) Axial T1-weighted 

image, with fat saturation, post gadolinium 

contrast. 

12 

9 MRI anatomy of the breast. Internal mammary 

vessels, sagittal subtraction series. 

12 

10 Low grade DCIS. 15 

11 Intermediate grade DCIS. 15 

12 High grade DCIS. 16 

13 LCIS. 17 

14 Invasive ductal carcinoma. 19 

15 Invasive lobular carcinoma. 20 

16 Medullary carcinoma. 22 

17 Mucinous carcinoma. 24 

18 Tubular carcinoma. 25 

19 Adenoid cystic carcinoma. 26 

20 Inflammatory breast cancer (IBC). 27 

21 Paget’s disease. 

 

28 



 

- iii - 

Fig. Title Page 

22 Screening mammography show an 

approximately 2-cm irregular mass in the upper 

outer quadrant of the left breast. 

30 

23 (A) CC mammogram after lumpectomy 

demonstrated a stellate area of tissue in the 

operative site.(B)pre contrast T1 MRI, show 

hypointense area in the operative site look like a 

tumor had recurred.(C)post contrast, this area 

demonstrated no enhancement which is 

indicative of scar. 

31 

24 (A) post contrast axial MRI showed the site of 

previous lumpectomy of pathologically proven 

invasive cancer, the signal void areas of the site 

of surgical clips surrounded by patchy areas of 

enhancement.(B) is inferior section of the same 

MRI showed irregular enhanced mass, 

pathology revealed recurrence and the patient 

went for mastectomy. 

32 

25 Finding breast cancer– For patients with breast 

implants, dedicated breast MRI is far superior to 

mammography for breast cancer screening and 

early detection. 

32 

26 Small invasive ductal carcinoma found on MRI 

screening (mammogram was negative) in a 

high-risk patient (cancer is circled). 

33 

27 Typical breast coil. 35 

28 Position of the patient in the MRI. 37 

29 (A)Midbreast section of baseline (precontrast) 

dynamic acquisition; (B) corresponding section of 

first postcontrast dynamic acquisition; (C) 

corresponding FAST image, generated by 

subtracting image (A) from image (B); and (D) MIP 

image, generated by fusing all FAST sections into 

single three-dimensional–like projection image. 

45 



 

- iv - 

Fig. Title Page 

30 Myxoidfibroadenoma (arrows) of the breast on 

MRI.Lobulated, well-defined mass with 

endotumoral septation in the lateral aspect of 

the left breast. 

50 

31 (A) T2W image showing isointense mass with 

signal void of calcifications of a 47-year-old 

woman with mammographically stable calcified 

fibroadenoma (B) Faint enhancement on 

delayed T1W postcontrast-enhanced image. 

51 

32 A high signal intensity circumscribed mass on 

T2W images.   

51 

33 MRI in a patient with extreme fibrocystic changes. 52 

34 Tl-weighted postcontrast image showing 

abscess with ring shaped peripheral 

enhancement. 

53 

35 Postoperative scarring (arrows) in MRI.  

36 a. Ultrasonography showing hypoechoic scar 

with posterior acoustic shadowing. b. 

Mammography MLO view showing a 

hyperdense spiculated scar. c. MR 

mammography T1 weighted precontrast image 

showing a spiculated mass with low signal 

intensity. d. MR mammography subtraction 

image showing no contrast enhancement. 

54 

37 a. Ultrasonography showing diffuse increase in 

echogenicity and skin thickening due to edema. 

b. Mammography MLO view showing diffuse 

increase in parenchymal density and skin 

thickening due to edema. c. MR mammography 

T2-weighted image showing Linear, spotty 

increase of signal intensity due to edema. d. MR 

mammography subtraction image showing no 

contrast enhancement. 

 

55 



 

- v - 

Fig. Title Page 

38 a. Ultrasonography showing well circumscribed 

hypoechoic mass. b. Mammography left 

craniocaudal projection showing Lateral well 

circumscribed hypodense mass. c. MR 

mammography T2-weighted image a well-

circumscribed seroma with high signal intensity. 

d. MR mammography subtraction image low 

signal intensity with no contrast enhancement 

56 

39 A 55-year-old woman with history of remote 

contralateral ductal carcinoma in situ with 

history of multiple papillomas (a) Multiple high 

signal intensity areas consisting of dilated ducts 

seen on T2W image. Arrows demonstrate 

associated masses that subsequently enhance (b) 

T1- weighted postcontrast image demonstrates 

multiple enhancing masses associated with 

dilated ducts. 

 

40 Radial scar in a 51-year-old asymptomatic 

woman (a) Spot magnification mammogram 

shows an area of architectural distortion with 

central lucency (b) US image shows a 

hypoechoic spiculated lesion (arrow) (c) Small 

spiculated enhancing mass on T1W postcontrast 

images, which yielded radial scar at surgery. 

59 

41 Radial scar with associated small breast cancer. 60 

42 Large high-grade DCIS in MRI.Digital 

mammography of both breasts in medio-lateral 

view. 

 

43 Small high-grade DCIS in MRI. 62 

44 Small IDC in mammographically dense breasts. 64 

45 Preoperative local staging in a patient with a 

trifocal breast cancer. 

65 

46 MRI in patient with CUP syndrome (carcinoma 

of unknown primary). 

66 



 

- vi - 

Fig. Title Page 

47 Small invasive lobular breast carcinoma in 

mammographically dense breasts (a, b) Digital 

mammography of both breasts demonstrates 

normal findings.   

67 

48 Mucinous carcinoma in a 79-year-old woman. 68 

49 Tubular carcinoma (a, b) Mammography. c. 

Ultrasonography. d. MR mammography 

(subtraction image). 

69 

50 Inflammatory carcinoma of the right breast. 70 

51 Coronal STIR image showing inflammatory 

breast carcinoma; diffuse skin thickening with 

increased signal intensity of skin and 

parenchyma. 

70 

52 Invasive papillary carcinoma. 71 

53 Axial subtracted image showing mass-

enhancing lesions, with (a) round, (b) oval, (c) 

lobulated, and (d) irregular shape. 

73 

54 Axial subtracted image showing mass-

enhancing lesion of the right breast with 

spiculated margins. 

74 

55 Irregular mass. 75 

56 Axial subtracted image showing mass-

enhancing lesion of the left breast with rim 

enhancement. 

75 

57 Enhancing internal septations: Mucinous 

carcinoma with enhancing internal septations 

76 

58 Axial subtracted image showing non-mass like 

lesion of the right breast with a clumped internal 

enhancement pattern referring to a cobblestone 

like pattern with occasional confluent areas. 

79 

59 Signal intensity–time curve describing the 

dynamic contrast behaviour of the lesion of 

interest. 

80 

 



Introduction  

  1 

Introduction 

Breast cancer is by far the most frequent cancer of 

women (23% of all cancers (ranking second overall when 

both sexes are considered together (Jemal et al., 2004). 

Breast cancer is the second leading cause of cancer death 

around the world (Ferlay et al., 2008), (DeSantis et al., 

2011). 

Breast cancer screening is the medical screening of 

asymptomatic, apparently healthy women for breast cancer in 

an attempt to achieve an earlier diagnosis. The assumption is 

that early detection will improve outcomes. A number of 

screening tests have been employed, including clinical and 

self breast exams, mammography, genetic screening, 

ultrasound, and magnetic resonance imaging (Kösters, 2003). 

Magnetic resonance imaging (MRI) has been shown to 

detect cancers not visible on mammograms. The chief 

strength of breast MRI is its very high negative predictive 

value. A negative MRI can rule out the presence of cancer to 

a high degree of certainty, making it an excellent tool for 

screening in patients at high genetic risk or radiographically 

dense breasts, and for pre-treatment staging where the extent 

of disease is difficult to determine on mammography and 

ultrasound. MRI can diagnose benign proliferative change, 

http://en.wikipedia.org/wiki/Magnetic_resonance_imaging
http://en.wikipedia.org/wiki/Negative_predictive_value
http://en.wikipedia.org/wiki/Negative_predictive_value
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fibroadenomas, and other common benign findings at a 

glance, often eliminating the need for costly and unnecessary 

biopsies or surgical procedures (DeMartini et al., 2008). 

Women at high risk for breast cancer based on certain 

factors should get an MRI and a mammogram every year. 

This includes women whom have a lifetime risk of breast 

cancer of about 20% to 25% or greater, according to risk 

assessment tools that are based mainly on family history: 

1. Have a known BRCA1 or BRCA2 gene mutation. 

2. Have a first-degree relative (parent, brother, sister, or 

child) with a BRCA1 or BRCA2 gene mutation, but have 

not had genetic testing themselves. 

3. Had radiation therapy to the chest when they were 

between the ages of 10 and 30 years. 

4. Have Li-Fraumeni syndrome, Cowden syndrome, or 

Bannayan-Riley-Ruvalcaba syndrome, or have first-

degree relatives with one of these syndromes 

(Saslow et al., 2007). 

However, an important disadvantage of breast MRI is 

the rate of false positive results. The sensitivity of breast 

MRI is high but the specificity is low. Breast cysts, 

fibroadenomas, papillomas, and fibrocystic changes may all 

appear as abnormalities on contrast images, resulting in 
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unnecessary biopsies, also it is expensive and not widely 

available (Leach, 2005). 

Breast MRI may not detect some in situ carcinomas 

and other low grade benign or malignant lesions and is only 

an adjunct to mammography and ultrasound.Breast MRI 

should never be offered as a substitute for conventional 

screening mammography (Nemec et al., 2007). 

However, one could argue that in high-risk 

populations the sensitivity of mammography is quite low 

and may be of limited value, making MRI an imperfect but 

better tool (Liberman et al., 2004). 

So MRI has it’s advantages and disadvantages when 

using it as a screening tool for breast cancer but it should be 

done because of it’s high negative predictive value. 
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Aim of The Work 

 

The aim of the work is to demonstrate the value of 

MRI (magnetic resonance imaging) in breast cancer 

screening in high risk groups. 

 



 Anatomy of The Breast  

  5 

Anatomy of The Breast 

General anatomy: 

The breast overlies the second to the sixth ribs on the 

anterior chest wall. 

It’s hemispherical with an axillary tail (of Spence) and 

consists of fat and a variable amount of glandular tissue. It’s 

entirely invested by the fascia of the chest wall, which splits 

into anterior and posterior layers to envelope it. The fascia 

forms septa called Cooper’s ligament, which attach the breast 

to the skin anteriorly and to the fascia of pectoralis 

posteriorly. They also run through the breast, providing a 

supportive framework between the two fascial layers. The 

pigmented nipple projects from the anterior surface of the 

breast. It’s surrounded by the pigmented areola and its 

position is variable, but it usually lies over the fourth 

intercostal space in the non pendulous breast (Fig. 1) (Ryan 

et al., 2011). 

Lobular structure: 

The internal architecture of the breast is arranged into 

15-20 lobes, each of which is drained by a single major 

lactiferous duct that opens on to the nipple. Each lobe is 

made up of several lobules, each of which drains several 


