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V II- SEC 6 - Women's imaging
CH 52 – The Breast
Breast cancer is the most common malignant tumour in women in the UK
( METHODS OF EXAMINATION: 
1- Mammography   2- Ultrasound    3- 
I ( Mammography: 
* Bases:
1- High spatial resolution ( identifies tiny structures within the breast, as microcalcifications measuring in the order of 100μm.
2- Short exposure times( to limit movement unsharpness.
3- special X-ray tubes(  produce the low energy ( to achieve high tissue contrast, demonstration of small changes in breast density.
4- Focal spot: small focal spot:  

- For routine mammography( 0.3 mm. 

- For magnification mammography (  smaller focal spot of 0.1 mm.
* Standard projections:
Two standard mammographic projections: 

i- mediolateral oblique (MLO) view  
ii- craniocaudal (CC) view
* Additional projections :
Supplementary views may be taken to solve specific diagnostic problems, this involves:

1-Application of more vigorous compression to a localized area using a compression paddle:  

- To distinguish real lesions from superimposition of normal tissues.

-  To define the margins of a mass.
2. A true lateral view:  to provide a third imaging plane, for more distinguishing of certain lesions. 
3. Magnification views:  most frequently performed to examine areas of microcalcifications.
It typically performed in the craniocaudal and lateral projections.

4. Mammographic technique may is of limited diagnostic value in some women with breast implants (  Silicon and saline implants are radio-opaque and may obscure much of the breast tissue.
Breast compression 

Compression of the breast is essential for good mammography, for the following reasons: 

1- It reduces geometric unsharpness (  object closer to the film.
2- It  reducing scatter (  improves contrast
3- Shorter exposure times and immobilizing the breast ( diminishes movement unsharpness. 

4- It reduces radiation dose (  lesser thickness of breast tissue needs to be penetrated and scatter is reduced. 
5- More uniform image density ( a homogeneous breast thickness.
6- More accurate assessment of the density of masses: 

As cysts and normal glandular tissue are more easily compressed (The more rigid carcinomas are highlighted.
Indications for mammography 

Mammography is rarely indicated before the age of 35. The main indications are:

Evaluation of breast symptoms and signs, including:

Masses, skin thickening, deformity, nipple retraction, nipple discharge and nipple eczema.
· Breast cancer screening.
Follow-up of patients with previously treated breast cancer.

· Guidance for biopsy or localization of lesions not visible on ultrasound.
II- Ultrasound
· Breast ultrasound requires high frequency ultrasound (at least 7.5MHz).

· Higher frequencies result in greater resolution. 

· However, as the frequency increases( the ability of the ultrasound beam to penetrate to deeper breast tissue decreases. 

( Frequency selected has to be appropriate for the size of the breast to be examined.

Indications for ultrasound:
1. Characterization of palpable mass lesions.
2. Assessment of abnormalities detected on a mammogram.
3. Primary technique for the assessment of breast problems in younger patients.

4. Guidance for biopsy and wire localizations.
NORMAL ANATOMY
· Site: 
The breast lies on the chest wall on the deep pectoral fascia. 

The superficial pectoral fascia envelops the breast. 

Suspensory ligaments (Cooper's ligaments) connect the two layers,( giving the breast degree of support and its shape
· Composition: 
The breast consists of three types of tissue: 

1- the skin, 

2- subcutaneous adipose tissue and 
3- the functional glandular tissue

· Centrally, there is the nipple–areolar complex. Collecting ducts open onto the tip of the nipple.
· The breast is divided into 15–25 lobes, each ( Lobules ( collecting ducts ( terminal duct lobular units (TDLU),
BREAST PATHOLOGY
· Benign mass lesions
I- Cysts
· Age:  common 20: 50 years, peak incidence between 40 and 50 years.

· Incidence: Cysts are the most common cause of a discrete breast mass.

· Site: often bilateral and multiple.
Simple cysts are not associated with an increased risk of malignancy and have no malignant potential.
·  Mammography :  
· Well-defined, round or oval masses. 
· Sometimes a characteristic halo is visible on mammography ( Fig. 52.8A ).

· Ultrasound :  
· They have well-defined margins, are oval or round in shape, and show an absence of internal echoes indicating the presence of fluid. 

· The area behind a cyst show posterior enhancement ( improved transmission on the ultrasound beam through the cyst fluid ( Fig. 52.8B )
· Aspiration is easily performed under ultrasound guidance when there is diagnostic uncertainty. 
· Cytology on cyst fluid is not routinely performed unless there are atypical imaging features or the aspirate is bloodstained.
II- Fibroadenomas 
and related conditions
· Incidence: 
Fibroadenomas are the most common cause of a benign solid mass in the breast.
· Age:  Most frequently in younger women - Peak incidence in the 3rd decade. 
· C.P.: They present clinically as smooth, well-demarcated, mobile lumps. 
With the advent of screening, many previously asymptomatic lesions are detected.
· Mammography :   

· Well-defined, rounded or oval masses. 

· In the majority of cases ( solitary. - 10–20% they are multiple (Fig. 52.9A). 

· Coarse calcifications may develop within fibroadenomas, particularly in older women (Fig. 52.10).

· Ultrasound :  
· Features characteristic of benign masses include:

· Echogenicity:  hyperechogenicity compared to fat.

·  Shape: Well-circumscribed, lobulated, gently curving shape.

· Presence of a thin, echogenic pseudocapsule. 

If several of these features are present and there are no features suggestive of malignancy ( mass can be confidently classified as benign.

· Most fibroadenomas are isoechoic or mildly hypoechoic relative to fat.
· A thin echogenic pseudocapsule may be seen.
· Biopsy:

 In most cases, even though the mass has benign features, percutaneous biopsy is necessary to confirm the diagnosis.
Fibroadenomas must be distinguished from well-circumscribed carcinomas by percutaneous biopsy.

However, in patients with several benign characteristics are present, a percutaneous biopsy may be avoided. (As in women under the age of 25( risks of any mass being malignant are very small.)
( D.D.:  ( Phyllodes tumour) 

· It can have a similar appearance to fibroadenoma,( diagnostic difficulties ( Fig. 52.11 ). 

· The pathological characteristics can also be similar to those of large fibroadenomas. 

· The majority of phyllodes tumours are benign, but some (less than 25%) are locally aggressive and may even metastasize. 

· When it diagnosed( phyllodes surgical excision must be complete with clear margins to prevent the possibility of recurrence. 
· M: Many larger fibroadenomas (over 3 cm), and those that show a rapid increase in size, tend to be excised, in order to avoid missing a phyllodes tumour
III- Papilloma
· Site: commonly in a retroareolar location.

· Pathology:  

· Papillomas are benign neoplasms, 

· Arising in a duct, centrally or peripherally within the breast. 

· As they are often friable and bleed easily,( many papillomas secrete watery material ( a nipple discharge. The discharge may be bloodstained.
· Mammography:   

· Well-defined mass, commonly in a retroareolar location. 
· Sometimes the mass is associated with microcalcifications. 
· Ultrasound :  
· Typically appear as a filling defect within a dilated duct or cyst .
· On aspiration, any cyst fluid may be bloodstained. 
· Biopsy:

As it is impossible to differentiate papillomas from papillary carcinomas on imaging criteria( percutaneous biopsy is required.

· Fate:  Papillomas may be associated with an increased risk of malignancy, particularly if they are multiple or occur in a more peripheral location within the breast. 
· M:  
- Excision of papillary lesions is desirable and may be therapeutic in cases of nipple discharge. 
- When biopsy shows no evidence of cellular atypia ( piecemeal percutaneous excision using a vacuum-assisted biopsy device.
IV- Lipoma
· Pathology:  

Lipomas are benign tumours composed of fat.
· C.P. 
Present as soft, lobulated masses. 
· Mammography:   

Large lipomas may be visible as a radiolucent mass.
· Ultrasound :  
On ultrasound their characteristic appearance is that of a well-defined lesion, hyperechoic compared to the adjacent fat
V- Hamartoma

· Pathology:

Hamartomas are benign breast masses composed of:

- Lobular structures         - Stroma          - Adipose tissue. (Components that make up normal breast tissue.)

· Age: any age. 
· C.P.: Sometimes large hamartomas, detected on screening mammograms, are impalpable ( Fig. 52.14 ). 
· Mammography:   

They classically appear as: 
- Large    - well circumscribed masses    
-containing a mixture of dense and lucent areas ( the different tissue components present.
On imaging they may be indistinguishable from other benign masses, such as fibroadenomas. 

· Diagnostic difficulty may be encountered because percutaneous biopsy specimens may be reported as normal breast tissue.

· Invasive carcinoma 

( Pathology: 

· Breast carcinoma originate in the epithelial cells that line the terminal duct lobular unit (TDLU).

Malignant cells contained by the basement membrane are termed noninvasive or in situ.

When malignant cells have extended across the basement membrane of TDLU into the surrounding normal breast tissue( the carcinoma is invasive.

Classification of invasive breast cancer
There is much confusion regarding the classification of breast cancer. According to the grouth pattern, it may classify into:

I - Invasive carcinoma of special type: 

Some tumours show distinct patterns of growth, allowing certain subtypes of breast cancer to be identified. 

Special type tumours include lobular, medullary, tubular, tubular mixed, mucinous, cribriform and papillary.

 Different types of tumour have different clinical patterns of behaviour and prognosis.  When a tumour is classified as of a special type this does not imply a specific cell of origin, but rather a recognizable morphological pattern

II - Invasive carcinoma of No special type: (NST or ductal NST).

 The remainders are considered to be of no special type.

Imaging appearance of invasive breast cancer
· Mammography:  
Carcinomas typically appear as ill-defined or spiculated masses on mammography 
- Lower-grade cancers( tend to be seen as spiculated masses, due to the presence of an associated desmoplastic reaction in the adjacent stroma. 

- Higher-grade tumours ( usually seen as an ill-defined mass.

- Sometimes a rapidly growing tumour may appear relatively well defined. (With similar appearances to a benign lesion such as a fibroadenoma).
( Composition & density of breast tissue chare in ability to see carcinomas in mammogram : 
- A small spiculated mass will be easily visible in a fatty breast.

 - Whereas even large lesions can be obscured by dense breast parenchyma. 

( Characteristics of Special type tumours in mammography:
· Lobular carcinomas: 

· Can be difficult to perceive on a mammogram ( their tendency to diffusely infiltrate fatty tissue. 

· Compared with ductal NST tumours, lobular cancers are more likely to be seen on only one mammographic view. 

· Less likely associated with microcalcifications.

· More often seen as an ill-defined mass or an area of asymmetrically dense breast tissue.
· Tubular and cribriform cancers often ( architectural distortions or small spiculated masses.
· Papillary, mucinous and medullary neoplasms ( may appear as new or enlarging multilobulated masses and may be well defined, simulating an apparently benign lesion.
· Ultrasound :  
There are characteristic malignant features on ultrasound:
·  Ill-defined masses. 

· Markedly hypoechoic compared to the surrounding fat.
· Tend to be taller > wide (A-P dimension is greater than the transverse diameter).
· There may be an ill-defined echogenic halo around the lesion.
· Distortion of the adjacent breast tissue may be apparent( analogous to spiculation on the mammogram.
· Posterior acoustic shadowing is frequently observed ( reduction in the through transmission of the ultrasound beam via dense tumour tissue.
The differential diagnosis of malignancy:
Many apparently suspicious findings seen on mammography or ultrasound can be caused by benign disease or even normal breast tissue.

-  Surgical scar ( may cause a spiculated mass or an architectural distortion. ( Radiographers should record the presence and position of any scars when performin.

- Infection and inflammatory processes: can be mistaken for malignancy on mammography and ultrasound.
- Radial scars, (also called complex sclerosing lesions)( can produce a spiculated lesion indistinguishable from malignancy on both mammography and ultrasound. 

- Superimposition of normal breast tissue due to distortions ( may produce apparent masses ( so it evaluated with additional mammographic views. 

· Microcalcifications
- Some calcifications have a characteristic benign appearance and require no further action. 
- Other wise a considerable overlap between the appearance of benign and malignant microcalcifications ( necessitating a percutaneous biopsy in many cases.
Benign microcalcifications
Benign processes in the breast can cause microcalcifications, including:  1- fibrocystic change,   2- duct ectasia,     3-fat necrosis  

4- Fibroadenomatoid hyperplasia. 
5- Fibroadenomas and papillomas ( can also become calcified.
6- Sometimes normal structures could be calcified as: 

- Skin or Small blood vessels, 
- Normal stroma or Atrophic breast lobules. 
Criteria of  each: 

1- Vascular calcifications: 
( Characteristic ‘tramline’ appearance caused by calcification in both walls of the vessel. 

2- Duct ectasia:

 (A) Broken needle appearance, typical of duct ectasia. 
(B) Sometimes Fat necrosis may then occur( thicker, more localized calcifications( ‘lead-pipe’ appearance. 
 - In many cases the diagnosis is obvious,  
- If the calcifications are unilateral or focal (  biopsy may be required.
3- Fibrocystic change:

-  Common cause of microcalcifications. 
- On a lateral magnification view, layering of calcific fluid contained within microcysts ( a characteristic ‘teacup’ appearance. 
- However, in many cases, percutaneous biopsy is required to exclude DCIS.
4- Fat necrosis:

- is a frequent cause of benign calcifications, esp. when there is a history of trauma or previous surgery. 
( ‘Egg shell’ calcifications within the wall of an oil cyst or 
(  Coarse dystrophic calcifications associated with areas of scarring.

5- Fibroadenomas: 
- It may calcify, particularly after the menopause. 
- Classically (  coarse, ‘pop-corn’ appearance
 - However, they can be small and punctuate ( necessitating a biopsy to establish the diagnosis.
 6- Fibroadenomatoid hyperplasia:

- An increasingly common cause of microcalcifications.
- Histologically ( features of a fibroadenoma and fibrocystic change. 
- There is usually no associated mass lesion.

- In many cases biopsy is required to exclude DCIS.

 7- Skin calcifications:
- are characteristically round, well defined, have a lucent centre and are very often bilateral and symmetrical. 
- Talcum powder or deodorants on the skin, as well as tattoo pigments, can mimic microcalcifications.

Malignant microcalcifications 

· Microcalcifications are found associated with invasive breast cancer and DCIS. 
· Calcifications are more likely to be malignant if they are:

· clustered rather than scattered throughout the breast.

·  Vary in size and shape (pleomorphic).

·  Found in a ductal or linear distribution. 
· In high histological grade DCIS microcalcifications are classically( rod shape and branch. 

· Necrotic debris within the ducts( linear, branching structure. 
· The greater the number of flecks of microcalcification associated with an area of DCIS (the greater the risk of invasive disease.
· In low-grade DCIS (as there is usually no intraductal necrosis (Calcifications are much less frequently found. 
The sensitivity of ultrasound for detecting DCIS is significantly lower than mammography ( ultrasound is not a useful screening test for breast cancer.

Ultrasound may be able to identify areas of microcalcifications seen on a mammogram, aiding percutaneous biopsy.

* Breast MRI *
Advantages:
· High sensitivity for detecting invasive breast cancer, which approaches 100% in many studies.

· MRI is the technique of choice for assessing the integrity of breast implants.
Lesion characterization:
There are two main approaches to image interpretation: 
1- The first relates to lesion morphology and 
2- The second to assessment of enhancement kinetics.
Indications for breast MRI:
1- Local staging of primary breast cancer, MRI is the most accurate technique for sizing invasive breast carcinomas.
2- Identifying an occult primary tumour in women presenting with malignant axillary lymphadenopathy with a normal mammogram and breast ultrasound.
3- Assess the response to treatment in women receiving neoadjuvant chemotherapy for locally advanced primary breast cancers. 
By demonstrating a reduction in lesion size, or a change in the enhancement pattern ( recognize nonresponders to treatment earlier than other imaging methods.
4- MRI can be used to screen younger women with a high familial risk of breast cancer.
Pitfalls of MRI
There are problems with specificity ( some benign lesions and even normal breast tissue having a worrying appearance on MR imaging. 
Limited availability of MR-guided localization and biopsy systems. 

- BREAST CANCER SCREENING
-FINE NEEDLE ASPIRATION FOR CYTOLOGY AND NEEDLECORE BIOPSY.
- MR-GUIDED BIOPSY
                            ( See the main source for details. 
