


Chapter 21: The Breast
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Historical Overview
 	The first paper on breast ultrasound, which described the A-mode technique, was published in 1951 by John Wild.
 	By the 1970s, the gray scale ultrasound technique had significantly improved tissue characterization and diagnostic accuracy.
 	Dedicated whole-breast ultrasound units were tested as a screening method for detection of breast cancer.
 	Whole breast ultrasound imaging units gave way to smaller units with handheld transducers for breast evaluation, and ultrasound as a primary tool in breast cancer screening gave way to ultrasound as an adjunctive tool in breast lesion analysis.
 	More recently, there is accumulating evidence that advances in ultrasound image quality may require a reanalysis of the role of breast ultrasound in screening (in conjunction with mammography) those patients with very dense tissue, complicated mammograms, or very high risk factors for breast cancer.
 	Most clinical laboratories today use the high-resolution handheld real-time scanner to visualize breast lesions. High-frequency 10-18 MHz transducers have the short-to-medium focus necessary to obtain high-quality images of the breast parenchyma.
 	The high-frequency narrow-focus linear array transducer facilitates interventional procedures in the breast, including cyst aspiration, biopsy procedures, and preoperative localization techniques.
Emerging Sonographic Technologies
Elastography
· Introduce in 1991, has recently shown its usefulness in improving the diagnosis of diseases in many parts of the body.
· This technology produces images based on the relative stiffness of tissues and maps their elastic properties.
· By applying compression to the breast, elastography is able to produce images, which show the differences in firmness in breast tissue.
· Breast cancers are typically firmer than benign lesions, appear darker when compared with surrounding tissue, or as a red in commonly seen green/red color scale.
Automated Whole-Breast Sonography
· Whole breast sonography is not routinely done for screening purposes due to it being completely operator dependent.
· Automated whole-breast sonography may be performed with the patient supping or upright, depending on the design of the equipment.
· Water path system allows the breast to be compressed, which provides excellent visualization of the mammary tissue.
· Automated transducer has the ability to obtain images over the entire breast. 
· The machine then correlates the B-mode data and appropriately places the lesion oriented to the nipple and quadrant of the breast.

Three-Dimensional Imaging
· Three-dimensional (3D) imaging has been successfully used in other areas of sonography such as obstetrics and gynecology. 
· Masses can be described in two new sonographic patterns: compression and converging, also known as retraction.
· Clinical findings show that the compression patterned masses have an oval shape and are associated with benign lesions
· Converging pattern masses appear with spiculations and are associated with malignant tumors.
Anatomy of the Breast
 	The breast is a modified sweat gland located in the superficial tissues of the anterior chest wall.
 	The surface of the breast is dominated by the nipple and surrounding areola.
 	The breast extends in many women deep toward the lateral upper margin of the chest and into the axilla (the axillary tail of the breast, or tail of Spence).
 	Few women have ectopic breast tissue, and some even have accessory (supernumerary) nipples. Ectopic breast tissue and accessory nipples are usually located along the mammary milk line, which extends from the axilla down in an oblique line to the symphysis pubis.
 	Sonographic findings:
 	The breast is divided into three layers located between the skin and the chest wall:
· Subcutaneous layer
· Mammary layer
· Retromammary layer
 	The subcutaneous and retromammary layers are usually quite thin, and are composed of fat surrounded by connective tissue septae.
 	Although fat is often quite echogenic in other parts of the body, it is the least echogenic tissue within the breast.
 	The multiple tissue interfaces between ducts and the lobular and acinar components of the breast glandular tissue cause these tissues to be very echogenic.
 	The volume and echogenicity of the mammary layer depend heavily on the patient’s general inherited breast tissue pattern as well as the functional state of the breast (i.e., pubertal, lactating, postmenopausal).
Mammary Layer
· The mammary layer includes the functional portion of the breast as well as the surrounding stromal tissues.
· There are 15 to 20 lobes that contain the milk-producing glands and duct system that carries the milk to the nipple.
· Stromal elements of the breast are located both between and within the lobes, and consist of dense connective tissue, loose connective tissue, and fat.
· There is a unique variation of connective tissue septae within the breast that forms a fibrous skeleton. These connective tissue septae are collectively called Cooper’s ligaments. They connect perpendicularly to the fascia around the ducts and glands and extend to the skin.
· Each lobe of the breast resembles a bush with the major duct corresponding to the main stem of the bush, branching into smaller lobules that contain the leaves of the bush corresponding to the acini (individual milk-producing glands). There are literally hundreds of acini within each breast.
Terminal Ductal-Lobular Unit
 	The terminal ducts and the acini form small lobular units called the terminal ductal-lobular units (TDLU), each of which is surrounded by loose connective tissue and dense connective tissue, and then invested within the connective tissue skeleton of the breast.
 	The TDLU is the site of origin of nearly all pathologic processes that occur within the breast, including all components of fibrocystic condition, fibroadenomas (the most common benign tumor of the breast), intraductal carcinomas, and invasive carcinomas. One exception to this is the solitary benign intraductal papilloma that occurs in the main duct near the nipple.

Parenchymal Pattern
 	The appearance and pattern of the glandular elements of the breast vary remarkably from woman to woman and vary within the same woman depending on her stage in life.
 	Generally, in the young woman, fibrous tissue elements predominate, and the resulting pattern on mammogram and ultrasound reflects a dense echogenic pattern of tissue.
 	In the pregnant or lactating woman, the glandular portions of the breast proliferate remarkably in both density and volume.
 	As the woman ages, the breast tissue becomes progressively replaced with fat, resulting in a mammographic and sonographic pattern with less echogenic fibrous tissue elements.
Vascular Supply
 	The main arterial supply to the breast is provided by the lateral thoracic artery.
 	There is a lesser arterial supply provided by perforating branches of the internal mammary artery, and a small contribution from intercostal arteries.
 	Venous drainage is provided mainly by superficial veins that can be seen sonographically just under the skin. These surface veins often can be very enlarged in patients with superior vena caval syndrome or chronic venous thrombosis of the subclavian vein, or arteriovenous shunts placed in patients with chronic renal insufficiency.

Lymphatic System
 	Lymphatic drainage from all parts of the breast generally flows to the axillary lymph nodes.
 	Part of the standard surgical therapy of invasive breast cancer involves axillary lymph node dissection. This is vital in the staging and management of breast cancer, as nodal status is an important part of assessing the patient’s prognosis and guiding adjunctive therapy.
 	However, a few tumors may drain via alternate lymph channels into the internal mammary chain within the chest, across the midline to the opposite breast, deep into the interpectoral (Rotter’s) or supraclavicular nodes.
The Male Breast
 	In a man, the nipple and areola remain relatively small.
 	A man normally retains some ductal elements beneath the nipple, but does not develop the milk-producing lobular and acinar tissues.
 	The male ductal elements usually remain small, but can hypertrophy during puberty, as well as later in life under the influence of hormonal fluctuations, disease processes, or medications. This condition is called benign gynecomastia.
 	Imaging with mammogram and ultrasound is often requested to exclude any signs of breast cancer. 
· Sonographic findings are similar to findings of female breast tissue:
· Color Doppler
· Hypoechoic tissue with ducts radiating from the nipple
 	Although breast cancer is uncommon in the male patient (approximately 1% of the incidence in women), it is nevertheless a lethal disease in the male patient. Some male patients are at increased risk for breast cancer development. 
Physiology of the Breast
 	The breast is remarkably affected by changing hormonal levels within each monthly cycle, and is dramatically affected during pregnancy and lactation.
 	Breast development actually begins before the onset of menstruation and continues for the first 2 years of menstrual cycles.
 	During this time, the ductal system proliferates under the influence of estrogen.
 	With the onset of maturity (defined in this context as the time when ovulation occurs in conjunction with the menstrual cycles), the lobular and acinar portions of the breast develop. Stromal and acinar development continues largely related to the patient’s inherited pattern of breast tissue, further influenced by the intensity of the hormonal stimulation with each monthly cycle.
 	During pregnancy, acinar development is accelerated to enable milk production by a cascade of hormones. These include placental lactogen, prolactin, and chorionic gonadotropin.
 	At delivery, there is a sudden reduction of estrogen and progesterone. At this point prolactin predominates, and the acinar units of the breast glandular tissue actively synthesize and secrete milk.
 	At the end of lactation, the breast tissue involutes. Routine mammography of the breast can begin 6 months after cessation of lactation.

Breast Evaluation Overview
Breast Imaging and Clinical Evaluation
 	The main purpose of breast evaluation is the detection and diagnosis of breast cancer in its early and curable stages.
 	There are three general categories of breast imaging, two of which involve breast ultrasound:
1. 	Breast cancer screening (does not generally involve ultrasound)
2. 	Diagnostic (consultative; problem solving; workup) breast imaging
3. 	Diagnostic and interventional breast procedures
Breast Screening
 	Breast screening is recommended in women without clinical signs of breast cancer.
 	Breast cancer screening involves: 1. monthly breast self-examination (BSE) by the patient (best performed at the end of menses starting at age 20); 2. regular clinical breast examination (CBE) by a physician or other health care provider (every 3 years until age 40 then yearly thereafter); and 3. yearly screening mammography beginning at age 40 if family history indicates (First screenings may  not start until age 45 if there is no family history or concerning findings on both the BSE and CBE) .
 	Clinical breast examinations and BSE may identify signs or symptoms of possible breast cancer that require further evaluation with diagnostic breast imaging. 	
 	Mammography and breast ultrasound are the two main imaging tools used for diagnostic breast evaluation.
· Mammography is more specific in identifying the signs of breast cancer.
· Ultrasound of the breast is safer and more accurate in the young dense breast, can image the deep juxtathoracic tissues not visible with mammography, and can evaluate those areas where masses may occur that mammogram cannot image.
· Ultrasound also can differentiate structures within uniformly dense breast tissue where mammography is limited, can differentiate solid round masses from fluid filled cysts, and can visualize tissue adjacent to implants or other structures that limit mammography.
Breast Evaluation
· The overall goal of breast evaluation is the proper classification of the patient’s breast lesion according to the level of suspicion for breast cancer.
Clinical Assessment
· Some patients present with clinical signs or symptoms of possible breast cancer.
· These patients generally undergo diagnostic breast imaging.
· Diagnostic imaging of the breast is tailored to the patient’s age and specific clinical problem.
· In the patient with no signs or symptoms of possible breast cancer, screening mammography is performed.
Screening Mammography
· In women age 40 and over who are asymptomatic (without clinical signs of possible breast cancer), screening mammography is performed.
· Only a small percentage of these women (usually less than 10%) have abnormalities detected on the screening examination that require further workup with diagnostic breast imaging. 
· The American College of Radiology has established guidelines for standardized description and reporting of breast lesions identified with mammography. These guidelines are contained within the Breast Imaging Reporting and Data System (BI-RADS). 
· Category 0: Incomplete.
· Need additional imaging or prior examinations.
· Category 1: Negative.  
· Nothing to comment on. Breasts are symmetric, no masses, architectural distortion, or suspicious calcifications.
· Category 2: Benign finding(s).
· Involuting, calcified fibroadenomas, multiple secretory calcifications, fat-containing lesions.
· Category 3: Probable benign finding(s)/initial short term follow-up.
· Non-calcified circumscribed solid mass; focal asymmetry; cluster of round (punctate) calcifications. Less than 2% chance of malignancy.
· Category 4: Suspicious abnormality/consider biopsy.
· Findings do not have classic appearance of malignancy but have wide range of probability of malignancy greater than those in Category 3. 
· 4a. Low suspicion for malignancy
· 4b. Moderate suspicion for malignancy
· 4c. High suspicion for malignancy
· Category 5: Highly suggestive of malignancy/appropriate action needed.
· Classic breast cancers with a 95% or greater likelihood for malignancy.
· Category 6: Known, biopsy-proven malignancy.
· Surgical excision when clinically appropriate
· A key component of this system is an overall outcome assessment category that indicates the suspicion for malignancy.
Diagnostic Breast Interrogation
· Diagnostic (consultative, workup, problem solving) breast imaging is performed on all patients who present with any clinical signs of possible breast cancer found on CBE or BSE, as well as patients who are recalled for additional evaluation owing to abnormal findings on screening mammogram.
· Diagnostic mammography involves specialized detail views to analyze specific areas of the breast in question.
· In approximately one third of cases, adjunctive ultrasound of the breast is used to further evaluate questionable mammographic or clinical findings.
Interventional Breast Procedures
· In some breast lesions, invasive procedures are necessary for definitive diagnosis.
· A common example is the smooth benign appearing mammographic mass, correlating with a hypoechoic sonographic lesion that does not meet criteria for a simple cyst. Cyst aspiration can be performed to assess the lesion as a complex cyst or a solid mass. Under sonographic control, a needle can be guided into this lesion in an attempt to aspirate fluid, which would be diagnostic of a complex cyst.
· The same approach can be used to guide fine-needle aspiration cytology and large-core needle biopsy (needle biopsy techniques used for tissue diagnosis without sending the patient to the operating room), preoperative needle wire localization of masses, and injection of radioactive tracer for sentinel node identification (see later discussion).
· In some cases, a patient presents with clinical sign or symptoms of possible breast cancer, and yet diagnostic breast imaging shows no abnormality.
· The most common clinical problem is the patient with a breast lump and negative breast imaging. If no imaging correlate can be identified to explain the patient’s breast lump, the patient must be treated clinically, which means that she is examined sequentially through at least one menstrual cycle. In the overwhelming majority of cases, the breast lump improves or resolves completely, confirming the diagnosis of clinical fibrocystic condition.
· If the breast lump does not improve or continues to grow, then surgical biopsy is performed. Histologic studies show benign fibrocystic condition or other benign conditions in the majority of cases.
· However, a small number of patients have precancerous or cancerous lesions. This reflects two main situations.
· There are patients with breast tissue so difficult to evaluate that some cancers will be obscured, or the cancers are located in breast tissue beyond the reach of mammography (e.g., high in the medial chest wall).
· There are also a few variants of breast cancer that show no identifiable abnormality on mammogram or ultrasound (usually infiltrating lobular carcinoma).
Indications for Sonographic Evaluation
· Pertinent clinical information should include the patient’s age, risk factors for breast cancer, location and clinical impression of any breast lumps, or other symptoms. Any history of trauma to the breast or previous breast surgeries is also helpful.
The Palpable Breast Lump
· A dominant breast lump is often the reason for patient referral for breast ultrasound.
· Pertinent clinical information that should be provided by the referring physician includes size of lump and location within the breast, onset and duration of the breast problem, and relation to the menstrual cycle.
· The physician’s clinical impression (“suspect cancer,” “probable fibrocystic condition,” “possible abscess”) will enhance the sonographer’s examination.
· The sonographer, in the process of scanning the breast, often can palpate the mass of concern.
· A dominant cyst is frequently round or oval (long axis toward nipple), smooth, soft (some cysts under tension can be firm and are usually very tender), and easily movable.
· Fibroadenomas are usually similar in shape, but are often quite firm and rubbery in consistency, as well as homogeneously solid on ultrasound.
· Breast cancer, by contrast, generally is painless (up to 15% can be associated with focal pain), lobular or irregular in shape, uneven in surface contour (sometimes “gritty” in texture), and poorly movable.
· Inspection of the breast during the ultrasound examination also reveals other pertinent findings: surface nipple erosion, nipple or skin retraction, skin thickening (edema, scarring, or peau d’orange), scars, signs of inflammation (induration and erythema), or contusion.
Technique
 	Patients usually undergo scanning in the supine position; the sonographer uses a handheld high-resolution transducer.
 	The patient is positioned with her arm behind her head on the side of the breast to be examined. This will spread the breast tissue more evenly over the surface of the chest and provide a more stable scanning surface.
 	For the medial breast, a supine position works well. For the lateral breast, the patient can be rolled slightly toward the opposite side (approximately 30 to 45 degrees) and stabilized with a cushion under her shoulder and hips.
 	Scanning is performed using the real-time technique.
 	The image must first be adjusted using the time gain compensation.
 	The goal is to balance the image from the low-level echoes of the subcutaneous fat to the low level echoes of the retromammary fat.
 	This should result in an image that clearly shows all levels of the breast from the skin level through the echogenic breast core as well as the deeper echogenic chest wall layers.
 	In the case of a negative breast ultrasound examination, the usual practice is to record representative images of each quadrant, the subareolar ducts, or specific radial images of breast identified by the clock face.
Sonographic Evaluation of the Breast
 	When the patient is being evaluated for a palpable breast mass or for a specific abnormality seen on mammogram, the abnormality is first located with a preliminary scan.
 	It is helpful to mark the external skin over the mass.
 	The mass is then thoroughly scanned in orthogonal planes (90 degrees apart) to evaluate the lesion in three dimensions.
 	This can be recorded using sagittal and transverse images, or can be recorded using radial and antiradial transducer positions.
 	The use of the radial/antiradial positions is unique to the breast, and can often pick up subtle abnormalities extending toward the nipple along the duct system from the mass.
Benign versus Malignant
 	High-quality ultrasound of a breast mass is quite accurate in the majority of cases in separating benign from malignant masses.
 	Realize that there is significant overlap in the appearance of benign and malignant lesions, and that ultrasound cannot be used as a substitute for tissue diagnosis when a biopsy is indicated on other grounds.	
Sonographic Characteristics of Breast Masses
The Sonographic Pseudomass
· These pseudomasses include the retroareolar ducts, costal cartilage, and prominent areas of fibroglandular tissue.
· The major ducts immediately behind the nipple frequently cause acoustic shadowing that can be mistaken for a suspicious breast mass. Angling of the transducer in the retroareolar tissue usually improves visualization and eliminates doubt.
· The inexperienced radiologist or sonographer can easily mistake the smooth oval or round appearance of normal costal cartilage for an abnormal solid breast mass.
· If care is taken to identify the echogenic chest wall muscles, which drape smoothly over (anterior to) the costal cartilage, then this mistake can be avoided.
· The areas of glandular tissue that are predominantly fatty can, in some scanning planes, mimic low density masses. It is helpful to turn the transducer ninety degrees during real-time evaluation when confusion arises. In the case of a true sonographic mass, this technique confirms its three-dimensional character, whereas glandular tissue elements significantly change their configuration on moving the transducer 90 degrees.
Breast Infiltrative Pattern
· Some disease states involving the breast that alter the sonographic pattern of the tissue diffusely.
· These abnormalities can be very difficult to identify unless the patient’s mammogram and clinical breast examination are taken into account.
· For instance, in the case of diffuse skin thickening, diffuse edema, lymphatic obstruction, or the hot red breast, the breast tissue generally is uniformly affected, and often no specific lesion can be seen by ultrasound examination. However, the ultrasound beam is attenuated much more rapidly and often does not penetrate to the deeper portions of the breast or chest wall. In this case, it is helpful to scan the same area of the opposite breast and adjust the gain setting to easily identify the skin and penetrate the chest wall, then move the transducer to scan the same area in the affected breast. This will show the difference in beam penetration caused by the infiltrative disease process in the affected breast.
The Large, Fatty Breast
· Fatty tissue scatters the sound beam, and thus attenuates the useful signal.
· Sometimes it can be very hard to penetrate to the chest wall in a large, fatty breast. This situation can simulate an infiltrative disease process, and correlation with the patient’s mammogram and clinical presentation is necessary. In most cases, repositioning and compression help flatten the breast and reduce the attenuating volume of tissue between transducer face and chest wall.
· Often the biggest challenge in a large, fatty breast is finding a small lesion identified on mammogram. Careful correlation with the location of the lesion by mammogram is vital. In cases in which the lesion cannot be found for characterization by ultrasound, then the lesion must be assumed to be solid and either followed closely or biopsied on that basis.
Sonographic Evaluation of the Breast
Indications for Sonographic Evaluation
· The main indication for breast ultrasound is in evaluation of smooth round or oval benign-appearing mammographic masses.
· Cysts that meet simple cystic criteria on ultrasound are essentially always benign. However, the same is not true for smooth round or oval solid masses. Although the vast majority of these solid masses are benign (96% to 98%), 2% to 4% prove to be malignant.
· Cysts must meet several criteria on ultrasound in order to be designated as simple cysts:
· They must be devoid of internal echoes.
· They must show smooth inner margins with an imperceptible capsule.
· They must show posterior acoustic enhancement.
· Cysts within the breast can be multilocular with thin internal septations.
· In the case of simple cysts, no further work-up is necessary.
· However, in some cases these cysts are painful or disturbing to the patient. Aspiration can be performed under ultrasound guidance easily and quickly.
· Often these complex cysts are indistinguishable from homogeneous solid sonographic masses because of their thick proteinaceous fluid content.
· Other complex cysts have thick or irregular capsules, a possible intracystic mass, or dependent debris.
· Cysts with layering calcifications or floating crystals (these can be seen moving on real-time scanning) are benign, although careful ultrasound technique is required to distinguish these cysts from those requiring further evaluation.
· In the case of complex cysts greater than 1 cm, cyst aspiration often is necessary to exclude the possibility of a homogeneous solid mass or necrotic neoplasm.
· Biopsy may be indicated in the case of a bloody aspirate that does not clear, an aspirate suggesting old blood, or a residual mass after partial aspiration.
· The usual approach to the smooth round or oval benign-appearing solid mass favors close interval follow-up breast imaging in small masses and low-risk patients.
· Tissue diagnosis is favored in high-risk patients or larger masses.
· The size cutoff for tissue diagnosis versus follow-up varies. In a low-risk patient with a single dominant smooth solid mass, follow-up is offered up to a mass diameter of 1 cm. (Some authors still observe lesions up to 1.2 or even 1.5 cm size, especially in the case of multiple bilateral masses.) In a high-risk patient, or one who is not comfortable to wait on follow-up for an answer, tissue diagnosis can be pursued. Options include fine-needle aspiration cytology, large core needle biopsy, or surgical excisional biopsy.
Young patient with Dense Breasts
· Ultrasound is the primary tool in breast imaging in all women under age 30, according to most authors.
· Mammography is added as necessary on a limited basis between ages 20 and 30, mainly to rule out microcalcifications (a sign of possible breast cancer that may not be visible by ultrasound).
· No mammography is used under age 20 and, in some centers, under age 25. The three main reasons for this are that breast cancer is rare in women under age 25; that the breast tissue at this age is generally denser and more difficult to analyze by mammogram; and that young breast tissue is more sensitive to radiation damage.
· A teenage girl presenting with a breast mass most likely has a fibroadenoma.
· Other common causes of breast lumps include the developing breast bud immediately behind the nipple (which must never be mistaken for an abnormal mass and surgically removed) or a dominant cyst.
· Less commonly, a hyperplastic lymph node, abscess, hematoma, or giant fibroadenoma can present before age 20.
· Malignant breast lesions under age 20 are extremely rare. When they do occur, they are generally not of breast origin, but rather metastatic or soft tissue origin (e.g., soft tissue sarcomas).
· If a young patient has a rapidly enlarging or painful mass, then surgical excision should be undertaken.
Pregnant or Lactating Patient
· Ultrasound is the primary tool in breast imaging in a pregnant patient. Mammography is added (with abdominal shielding) as necessary to allow accurate characterization of the breast mass.
· Diagnostic evaluation of a breast mass (including biopsy if indicated) should never be delayed because of the pregnancy.
· Most masses that present in the pregnant or lactating woman are benign fibroadenomas. These often enlarge rapidly because of the marked increase in circulating hormone levels during pregnancy and lactation.
· However, the increase in circulating hormones can have a similar effect on breast cancers. In those patients who develop breast cancer during pregnancy, the cancer is often diagnosed at a later stage than in the nonpregnant patient.
· Other breast problems that may arise during pregnancy or lactation include mastitis, abscess, cysts, or galactocele (a cyst containing milk).
· In the case of a galactocele, a fat––fluid level is visible by both mammogram and ultrasound. Galactoceles or cysts can be aspirated easily under ultrasound guidance.
Patient with Breast Augmentation
· Ultrasound can image the implant to search for defects or leakage
Evaluation of an Abnormal Mammogram
· An abnormal finding on a mammogram is an increasingly common reason for adjunctive ultrasound. The sonographic approach is the same whether the patient is symptomatic (usually with a breast lump) or asymptomatic (with an abnormal screening mammogram).
The Patient with a Difficult or Compromised Mammogram
· There are some patients in whom breast imaging by mammogram is limited in its sensitivity (e.g., very dense breast tissue) or its ability to visualize the breast tissue (e.g., retroglandular breast implants).
 	There are also patients in whom evaluation of breast tissue is compromised based on postsurgical and/or postradiation changes. This is a common situation in the patient who has had breast conserving therapy for early stage breast cancer located close to the chest wall or in the axillary tail near the armpit.
Pathology
Benign Conditions
Fibrocystic Condition
· Fibrocystic condition (FCC) represents normal physiologic processes of breast tissue that fluctuate under the influence of the normal female hormonal cycles.
· These processes become magnified in some patients, to the point of causing symptoms that are upsetting to the patient (mainly pain and tenderness or recurrent cysts).
· In some cases, FCC causes changes that are frankly worrisome for breast cancer.
· In all age groups, the most common diagnosis at breast biopsy is FCC.
· These biopsies are prompted by a growing or dominant clinically suspicious breast lump.
· The term fibrocystic condition or fibrocystic change (the use of the term fibrocystic disease is discouraged) actually encompasses many different processes under one blanket term.
· Abundant inaccuracy and confusion result from using the term fibrocystic condition.
· In some cases FCC may refer to the normal hormonal fluctuation of breast texture. At the other end of the spectrum, surgical biopsy may be undertaken because of a growing suspicious breast lump.
· In a few cases, biopsy results reveal tissue changes that mean the patient is at increased risk for subsequent development of breast cancer.
· Clinical signs:
· Clinical signs and symptoms of FCC include the lumps and pain that the patient feels, which fluctuate with every monthly cycle.
· In most cases, both breasts are equally involved.
· In some cases, FCC may affect just one area of one breast. This can be frightening for the patient, and is a frequent cause of referral for diagnostic breast imaging.
· Signs of fibrocystic condition on breast imaging:
· Imaging signs of FCC may be visible on the mammogram or breast ultrasound.
· On mammogram, FCC may cause diffuse benign microcalcifications, adenosis, and multiple round masses.
· Ultrasound of the breast will show the round masses as multiple cysts.
· Pathologic makeup of fibrocystic condition:
· Finally, there are many separate tissue processes of FCC recognized by the pathologist in reviewing breast tissue under the microscope (e.g., apocrine metaplasia, fibrosis, epithelial ductal hyperplasia, sclerosing adenosis).
· In correlating the pathologic results of a breast biopsy to the indication for biopsy (i.e., palpable breast lump, suspicious mammographic or sonographic mass, clustered microcalcifications), it is very important for the physicians to document that the pathologic results are concordant with the targeted lesion.
· If a breast biopsy was performed because of suspicious microcalcifications, for instance, the pathology report should state that microcalcifications were seen. If no microcalcifications were seen on pathology slides, then this is a discordant result that requires further investigation.
Fibrocystic Condition and Breast Cancer Risk
· In an attempt to create a more clinically relevant classification of tissue processes under the enormous and confusing heading of fibrocystic condition, these processes have been separated into three categories.
· These include: 1. nonproliferative lesions (no increased risk of subsequent development of breast cancer); 2. proliferative lesions without atypical cells (mildly elevated risk of subsequent breast cancer); and 3. proliferative lesions with atypical cellular changes (moderately increased risk of subsequent breast cancer).
· Any woman with an atypical proliferative breast lesion (especially lobular neoplasia) that also has a family history of a first-degree relative with breast cancer has double the risk of subsequent breast cancer compared with the patient who has an atypical proliferative lesion alone.
Fibroadenoma
· The most common benign breast tumor is fibroadenoma, and it occurs primarily in young women. 
· May be found in one breast, or in both breasts. The growth of a fibroadenoma is stimulated by estrogen.
· Clinically, a fibroadenoma is firm, rubbery, freely mobile, and clearly delineated from the surrounding breast tissue.
· It is round or ovoid and smooth or lobulated, and usually does not cause loss of contour of the breast unless it develops to a large size.
· Fibroadenomas tend to grow very slowly. A sudden increase in size with acute pain may be the result of hemorrhage within the tumor.
· Sonographically, fibrodenomas have benign characteristics with smooth, rounded margins and low-level homogenous internal echoes and may demonstrate intermediate posterior enhancement. 
Lipoma
· A pure lipoma consists entirely of fatty tissue. 
· Other forms of lipoma consist of fat with fibrous and glandular elements (fibroadenolipoma).
· It is usually found in middle-aged or menopausal women.
· Clinically, on palpation, a large, soft, poorly demarcated mass is felt that cannot be clearly separated from the surrounding parenchyma.
· Sonographically, it may be difficult or impossible to detect a lipoma in a fatty breast. Lipomas typically have smooth walls, are hypoechoic, and appear similar to fat.
Fat Necrosis
· Injury to breast fat may cause a common benign inflammatory process known as fat necrosis.
· Clinical palpation reveals a spherical nodule that is generally superficial under a layer of calcified necrosis. A deep-lying focus of necrosis may cause scarring with skin retraction and thus may mimic carcinoma.
· Sonographically, it may appear as a solid lesion, as a complex mass with mural nodules or echogenic bands, as an anechoic mass with either posterior acoustic enhancement or with shadowing, or without a visible mass.
Acute Mastitis
· Acute mastitis may result from infection, trauma, mechanical obstruction in the breast ducts, or other conditions.
· It often occurs during lactation, beginning in the lactiferous ducts and spreading via the lymphatics or blood.
· Acute mastitis causes an enlarged, reddened, tender breast, and is often confined to one area of the breast. Diffuse mastitis results when infection is carried via the blood or breast lymphatics and thus affects the entire breast.
Chronic Mastitis
· An inflammation of the glandular tissue is considered to be chronic mastitis. This is very difficult to differentiate by ultrasound; the echo pattern is mixed and diffuse with sound absorption.
· Clinically, the patient usually has nipple discharge; frequently, the nipple has retracted over a period of years. Palpation reveals some subareolar thickening, but no dominant mass.
Abscess
· Abscesses can be single or multiple.
· Acute abscesses have a poorly defined border, whereas mature abscesses are well encapsulated with sharp borders.
· A definite diagnosis cannot be made from a mammogram alone, and either an aspiration or core needle biopsy is necessary to determine a diagnosis.
· Patients may present with pain, swelling, and reddening of the overlying skin. The patient may be febrile, and swollen painful axillary nodes may be present.
· Sonographic findings may show a diffuse, mottled appearance of the breast, irregular margins, posterior enhancement, and low-level internal echoes.

Cystosarcoma Phyllodes
· Rare, predominately benign breast neoplasm.
· It accounts for less than 1% of all breast neoplasms, yet it is the most frequent sarcoma of the breast.
· It may arise from a fibroadenoma.
· Sonographic findings include a large, hypoechoic tumor with well-defined margins and decreased through-transmission.
Intraductal Papilloma
· An intraductal papilloma is a small, benign tumor that grows within the acini of the breast.
· The predominant symptom is spontaneous nipple discharge arising from a single duct. 
· Papillomas are usually small, multiple, and multicentric. They consist of simple proliferations of duct epithelium projecting outward into the dilated lumen from one or more focal points.
Sebaceous Cyst
· Obstruction of sebaceous gland or hair follicle within dermal layer of skin.
· Patient often feels a very superficial, small lump.
· Sebaceous cysts are rounded, well-defined superficial masses with low to medium level echogenicity.
· Wall calcifications may be present.
· Stand-off pad may help imaging of very superficial lesions.

Malignant Conditions
· It is not unusual for several years to pass from the first appearance of atypical hyperplasia to the final diagnosis of in situ cancer.
· Most cancer originates in the terminal ductal lobular units, whereas a smaller percentage originates in the glandular tissue.
· The breast lobules are concentrated in the upper outer quadrant of the breast, and so it is not surprising that a majority of breast cancers (50%) are found there, followed by lesser incidence in the retroareolar area,  upper inner quadrant, lower outer quadrant, and lower inner quadrant. 
· Cancer of the breast is of two types: sarcoma and carcinoma.
· Sarcoma refers to breast tumors that arise from supportive or connective tissues.
· Tend to grow rapidly and invade fibrous tissue
· Carcinoma refers to breast tumors that arise from the epithelium, in the ductal and glandular tissue, and usually has tentacles.
· Breast carcinomas are generally categorized by two factors: where the cancer cells originate (ductal or lobular) and whether the cancer is prone to spreading (noninvasive or invasive).
Ductal Carcinoma In Situ
· Ductal carcinoma in situ (DCIS) is also known as intraductal carcinoma. 
· It is the most common non-invasive carcinoma of the breast.
· DCIS is characterized by excessive growth of abnormal epithelial cells within the duct. 
· Because these are confined to the duct and have no spread, they usually have a 100% cure rate with treatment.
· Clinically the patient may be asymptomatic, have a palpable mass, or nipple discharge.
· On mammograms, DCIS will show microcalcifications.
· Sonography will demonstrate and intraductal mass with ductal dilatation, architectural distortion of surrounding tissue and sometimes microcalcifications.
Invasive Ductal Carcinoma
· Invasive ductal carcinoma (IDC) accounts for nearly 80% of breast cancers. 
· Similar to DCIS, these cancers begin in the ducts, but in contrast to DCIS, they invade the fatty tissue of the breast and have the potential to metastasize via the bloodstream or the lymphatic system.
· Clinically the patient will present with a hard, fixed mass with possible skin dimpling or retraction.
· On mammogram, IDC will be an asymmetric, radiopaque speculated mass, microcalcifications and thickened and retracted Cooper’s ligaments may also be demonstrated.
· With sonography, IDC will appear as a solid, hypoechoic, heterogeneous mass with distal acoustic shadowing.  IDC will be taller-than-wide in orientation.
· Microlobulation, microcalcification, ductal extension and plane disruption may be evident.


Lobular Carcinoma In Situ
· Lobular carcinoma in situ (LCIS) is not considered a “cancer” because it has a low malignant potential.
· LCIS is often referred to as lobular neoplasia and is classified as a precancerous growth that begins in the lobules.
· Women with LCIS are at a higher risk of developing invasive breast cancer later on.
· Generally affects premenopausal women.
· Sonography may display LCIS as bilateral, multi-centric, and mimicking fibrocystic disease.
Invasive Lobular Carcinoma
· Invasive lobular carcinoma (ILC) begins in the lobule, where it extends into the fatty tissue of the breast.
· ILC is the second most common type of invasive tumor, accounting for 10% to 15% of all breast cancers.
· ILC is often bilateral, multicentric, or multifocal. Compared with IDC, ILC carries a poorer prognosis.
· Breast cancers are considered multifocal when more than one tumor is identified and when they are located within the same quadrant or ductal system and are within 5 cm of each other.
· Breast cancers are considered multicentric when they are located in different quadrants and are located at least 5 cm apart.
· Mammography can underestimate the extent of the ILC tumor.
· Sonography will display a possible speculated mass mimicking IDC and architectural distortion.
Comedocarcinoma
· Intraductal solid carcinoma in which the lactiferous ducts are filled with a yellow paste-like material that looks like small plugs (comedones) when sections is called comedocarcinoma.
· Invasive and noninvasive forms exist.
Juvenile Breast Cancer
· Juvenile breast cancer is similar to ductal carcinoma in situ and invasive ductal carcinoma as found in adults.
· Occurs in females between 8 and 15 years of age, and has a good prognosis when treated early.
Papillary Carcinoma
· Tumor that initially arises as a subareolar, intraductal mass.
· Both intraductal and intracystic forms exist, and these represent 1% to 2% of all breast carcinomas.
· Earlier clinical sign of intraductal papillary carcinoma is blood nipple discharge.
· Intracystic papillary carcinoma is clinically indistinguishable in its early stages from a cyst or fibroadenoma.
Paget’s Disease
· Paget’s disease arises in the retroareolar ducts and grows in the direction of the nipple, spreading in the intraepidermal region of the nipple and areola, and has a rash-like appearance that may be confused with a melanoma.
· Any ulceration, enlargement, or deformity of the nipple and areola should suggest Paget’s disase.
· Sonographically, Paget’s disease will present as a retroareolar mass with irregular margins, heterogeneous internal echoes, and attenuation with posterior shadowing.
Scirrhous Carcinoma
· Scirrhous carcinoma is a type of intraductal tumor with extensive fibrous tissue proliferation (very dense fibrosis).
· It is the most common form of breast cancer and often has no specific histologic findings or patterns; therefore it is often classified as ductal carcinoma that is not otherwise specified.
· The classic clinical signs include a very firm nodular, frequently non-movable mass, often with fixation and flattening of overlying skin and nipple retraction.
Medullary Carcinoma
· Medullary carcinoma is a densely cellular tumor that contains large, round, or oval tumor cells.
· It is usually a hypoechoic, well-circumscribed mass, with the center frequently necrotic, hemorrhagic, and cystic. May demonstrate acoustic enhancement due to cystic degeneration.
· Carries a prevalence in younger females.
· Located in peripheral breast with a low incidence of lymph node involvement.


Colloid Carcinoma
· Colloid carcinoma cells produce secretions that fill lactiferous ducts or stromal tissues in which the tumor cells are invading.
· Clinically, the tumor presents in older women as a slow-growing, smooth, and not particularly firm mass on palpation.
· The sonographic appearance is often similar to a fibroadenoma with smooth well-defined margins and posterior enhancement.
Tubular Carcinoma
· Tubular carcinoma represents and extremely well-differentiated form of infiltrating (invasive) ductal carcinoma usually less than 2 cm in dimension.
· Tubular carcinoma typically has poorly circumscribed margins and hard consistency.
Ultrasound-Guided Interventional Procedures
· Ultrasound is an important guide to many diagnostic and interventional procedures in the breast.
· These include cyst aspiration, fine-needle aspiration cytology (FNAC), abscess or seroma drainage, large-core needle biopsy, ultrasound-guided preoperative needle wire localization for surgical excision, and injection of radiopharmaceutical agent for sentinel node identification and dissection.
· Sterile coupling gel is available commercially, as are sterile plastic transducer sleeves. It is possible and more cost effective to use isopropyl alcohol as a coupling agent during procedures.
· When using ultrasound to guide any diagnostic or interventional procedure in the breast, the high-frequency narrow beam linear array transducer is a valuable tool. Even narrow-gauge needles (22 or 25 gauge) can be seen and accurately guided into cysts or masses.
· The key in visualization of the needle is to keep the needle oriented as nearly parallel to the transducer face as possible. Accuracy in placing the needle tip within the target lesion is also aided when the lesion is kept in the field of vision along with the length of the needle. This is protective for the patient.
· The main hazard for the patient is inadvertent piercing of the chest wall. Puncture of the lung resulting in a pneumothorax can occur in some cases with asthenic patients (especially those with emphysema, in which case the lung may protrude between the ribs).
· If care is taken to maintain the needle parallel to the transducer face, this will keep the needle tip parallel to the chest wall as well and help avoid potential complications.
· Another important consideration in planning needle procedures in the breast is the approach.
· When dealing with any breast lesion that has the potential of malignancy, selection of the needle approach can have consequences in future therapeutic and reconstructive surgical procedures.
· Although the shortest approach from skin to target lesion has been advocated in the past for preoperative needle wire localizations and often is the favored route for ultrasound guided core biopsy, a more horizontal approach often facilitates a better cosmetic outcome for the patient if mastectomy is required.
Cyst Aspiration
· Cyst aspiration is a common interventional technique used in the breast.
· The two main indications are a symptomatic cyst (one large enough to create a palpable lump or to cause a patient pain), and a hypoechoic lesion on ultrasound that does not meet criteria for a simple cyst.
· In the latter situation, aspiration determines whether the lesion is simply a complex cyst or a solid mass. This distinction is important for patient treatment. Occasionally, cyst aspiration will be undertaken because cysts are so large or so numerous that visualization of breast tissue by mammography is significantly compromised.
Fine-Needle Aspiration Cytology
 	This procedure uses a fine needle (usually 25G) and an aspiration technique intended to harvest individual cells for diagnosis.
 	The single greatest problem in FNAC is an inadequate specimen.
 	Another limitation of FNAC is the requirement for a specially trained and experienced pathologist (cytopathologist), who is not available in many centers.
Drainage Procedures (Abscess, Seroma, Hematoma)	
 	Most cases of breast abscess, seroma, or hematoma are easily palpated and drained in a simple office procedure by a breast surgeon or other physician, when this is clinically indicated.
 	These lesions differ from simple cysts in that they typically require a larger needle (at least 18G), have thicker more fibrous capsules, thicker fluid often with abundant cellular debris, and frequently numerous fibrous synechiae within the lesion that can interfere with complete evacuation of contents.
 	The goal in therapy of a breast abscess is complete eradication of the abscess, usually accomplished with a combination of drainage and antibiotic therapy.
 	Seromas and hematomas are fluid accumulations within the breast that are not infected. These lesions have similar imaging characteristics (smooth mammographic mass, complex cyst on ultrasound). They differ in the amount of blood and blood byproducts within the fluid. They usually are encountered during healing from surgical procedures and are not infrequently seen after lumpectomy or following a large core needle biopsy.
 	In some cases, blunt trauma may lead to a hematoma, and occasionally foreign body reaction or implant rupture may cause a seroma.
Preoperative Needle Wire Localization	
 	Ultrasound offers a quick method for placement of a percutaneous needle wire assembly for preoperative localization of a nonpalpable breast lesion for surgical excision.
 	Ultrasound guidance offers a significant advantage in complicated cases such as localization of a lesion adjacent to a breast implant, a lesion close to the chest wall, or in other areas not easily approached under mammographic guidance.
Large-Core Needle Biopsy
· Ultrasound offers a fast and easy method for guiding large-core needle biopsy of solid masses.
· Patient comfort is enhanced, procedure time is often shorter, and ultrasound guidance is more cost-effective in general than prone stereotactic procedures.
· However, stereotactic guidance is still the preferred method for evaluation of clustered pleomorphic microcalcifications (difficult to see by ultrasound).
Sentinel Node Injection
· For many years, standard surgical therapy of breast cancer has involved a full Level I and at least a partial Level II axillary lymph node dissection. This results in a small but significant rate of morbidity from lymphedema, nerve damage, or in severe cases loss of arm and shoulder function.
· An important step forward in surgical therapy for breast cancer involves sentinel lymph node analysis. In this procedure, the tissues around the tumor bed and/or the areola are injected with methylene blue dye and/or radioactive labeled solution (usually filtered sulfur colloid). Both of these substances are taken up by the lymphatics and transported to the first, or “sentinel,” lymph node along the axillary node chain. Then this lymph node is identified in surgery and carefully analyzed for evidence of micrometastases. Generally this is followed by a limited axillary node dissection. Early experience with this procedure shows an excellent accuracy rate for detecting lymph node metastases, and results in a reduced rate of morbidity and faster patient recovery.
Special Breast Symptoms
Hot Red Breast
· The two main causes of an enlarged, reddened, tender breast are mastitis and inflammatory breast cancer.
· The patient’s physician or a breast surgeon is often the first one to evaluate the patient with this condition.
· These patients are treated initially with antibiotics and are referred for breast imaging when the acute inflammatory symptoms are sufficiently reduced to allow good quality mammography and breast ultrasound.
· Signs of possible breast cancer on the mammogram result in a biopsy.
· Ultrasound evidence of a dominant or atypical cyst may result in aspiration or excision.

Nipple Discharge
· There are three main types of nipple discharge that may be a patient’s presenting complaint.
· Benign bilateral minimal multiple duct discharge is quite common and mainly related to ductal ectasia.
· When the main ducts behind the nipple dilate, they will collect the normal lobular secretions and also accumulate desquamated epithelial lining cells from the duct wall.
· This presents as bilateral multiple duct discharge that is usually greenish in color, and often has to be manually expressed. In some cases, a patient with duct ectasia presents with a clinical picture suggesting mastitis.
· Another type of bilateral multiple duct discharge is milky discharge. In the pregnant or recently lactating woman, this represents normal breast function. However, when this occurs apart from pregnancy and lactation this may indicate a hormonal imbalance or, in some cases, overproduction of prolactin by a pituitary adenoma.
· The abnormal nipple discharge that prompts a breast imaging workup and often a surgical referral presents as a unilateral single duct spontaneous persistent nipple discharge, usually enough to stain the patient’s clothing or undergarments. This discharge is either straw-colored (serous) or bloody. The two main conditions that cause this type of nipple discharge are intraductal papilloma and intraductal cancer.
· Further diagnostic imaging workup for abnormal unilateral nipple discharge usually involves galactogram (retrograde filling of the abnormal duct through a small blunt cannula inserted by the radiologist into the duct orifice on the surface of the nipple).
· Ultrasound of the breast with special attention to the retroareolar ducts is very helpful in the workup of abnormal nipple discharge. In some cases, an intraductal mass can be identified by ultrasound. In a few cases the discharge is not sufficient to guide a retrograde galactogram (ductogram). Occasionally, the abnormal duct or intraductal mass is an incidental discovery in a patient with no discharge. In these cases, an antegrade galactogram can be performed under ultrasound guidance.
Unilateral Axillary Lump	
· Occasionally, the first sign of breast cancer is enlargement of the axillary lymph nodes.
· However, in most cases of possible abnormal axillary lymphadenopathy (abnormally enlarged lymph nodes) the cause is benign.
· Diagnostic breast imaging is performed to exclude any possible signs of breast cancer within the breast.
· In many cases, especially in the patient with very dense breast tissue, ultrasound of the breast is used as an adjunctive method of breast imaging.
· Ultrasound also can be used to evaluate the axillary region. Abnormally enlarged lymph nodes can be identified more easily with ultrasound than with mammography in this region. Lymph nodes that have lost their fatty hilum or demonstrate an irregular and inhomogeneous cortex may harbor metastases.
· Ultrasound also can be used to guide needle biopsy of an abnormally enlarged lymph node when this is clinically desired. However, care should be taken to avoid the axillary vessels during a needle biopsy procedure.
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