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Ultrasonography (US) is an indispensable tool in breast
imaging and is complementary to both mammography and
magnetic resonance (MR) imaging of the breast. Advances
in US technology allow confident characterization of not only
benign cysts but also benign and malignant solid masses.
Knowledge and understanding of current and emerging US
technology, along with the application of meticulous scan-
ning technique, is imperative for image optimization and
diagnosis. The ability to synthesize breast US findings
with multiple imaging modalities and clinical information is
also necessary to ensure the best patient care. US is rou-
tinely used to guide breast biopsies and is also emerging
as a supplemental screening tool in women with dense
breasts and a negative mammogram. This review provides
a summary of current state-of-the-art US technology, in-
cluding elastography, and applications of US in clinical
practice as an adjuvant technique to mammography, MR
imaging, and the clinical breast examination. The use of
breast US for screening, preoperative staging for breast
cancer, and breast intervention will also be discussed.

© RSNA, 2013
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Itrasonography (US) has become
an indispensable tool in breast im-
aging. Breast US was first introduced
in the 1950s by using radar techniques
adapted from the U.S. Navy (1). Over the
next several decades, US in breast im-
aging was primarily used to distinguish
cystic from solid masses. This was clin-
ically important, as a simple breast cyst
is a benign finding that does not require
further work-up. However, most solid
breast lesions remained indeterminate
and required biopsy, as US was not ad-
equately specific in differentiating be-
nign from malignant solid breast masses.
However, recent advances in US technol-
ogy have allowed improved characteriza-
tion of solid masses.
In 1993, Stavros et al (2) published a
landmark study demonstrating that solid
breast lesions could be confidently

®m Breast US is operator dependent;
knowledge and understanding of
the various technical options cur-
rently available are important for
image optimization and accurate
diagnosis.

®m US is an interactive, dynamic mo-
dality and real-time scanning is
necessary to assess subtle find-
ings associated with malignancy.

B Ability to synthesize the infor-
mation obtained from the
breast US examination with
concurrent mammography, MR
imaging, and clinical breast ex-
amination is necessary for accu-
rate diagnosis.

® The use of screening breast US in
addition to mammography, par-
ticularly in women with dense
breast tissue, is becoming more
widely accepted in the United
States.

B Breast US guidance is the pri-
mary biopsy method used in
most breast imaging practices,
and the radiologist should be
familiar with various biopsy de-
vices and techniques to ade-
quately sample any breast mass
identified at US.

characterized as benign or malignant by
using high-resolution grays-cale US imag-
ing. Benign US features include few
(two or three) gentle lobulations, ellip-
soid shape, and a thin capsule, as well
as a homogeneously echogenic
echotexture. Malignant US features
include spiculation, taller-than-wide
orientation, angular margins, micro-
calcifications, and posterior acoustic
shadowing. With these sonographic
features, a negative predictive value of
99.5% and a sensitivity of 98.4% for the
diagnosis of malignancy were achieved.
These results have subsequently been
validated by others (3,4) and remain
the cornerstone of US characterization
of breast lesions today. These features
are essential in the comprehensive US
assessment of breast lesions, de-
scribed by the Breast Imaging and Re-
porting Data System (BI-RADS) (5).

US is both an adjunct and a comple-
ment to mammography. Advances in US
technology include harmonic imaging,
compound imaging, power Doppler,
faster frame rates, higher resolution trans-
ducers, and, more recently, elastogra-
phy and three-dimensional (3D) US. Cur-
rently accepted clinical indications
include evaluation of palpable abnormal-
ities and characterization of masses de-
tected at mammography and magnetic
resonance (MR) imaging. US may also
be used as an adjuvant breast cancer
screening modality in women with
dense breast tissue and a negative
mammogram. These applications of
breast US have broadened the spec-
trum of sonographic features currently
assessed, even allowing detection of
noninvasive disease, a huge advance be-
yond the early simplistic cyst-versus-solid
assessment. In addition, US is currently
the primary imaging modality recom-
mended to guide interventional breast
procedures.

The most subtle US features of breast
cancers are likely to be best detected
by physicians who routinely synthesize
findings from multiple imaging modalities
and clinical information, as well as
perform targeted US to correlate with
lesions detected at mammography or
MR imaging. Having a strong under-
standing of the technical applications

of US and image optimization, in addition
to strong interpretive and interven-
tional US skills, is essential for today’s
breast imager.

Optimal Imaging Technique

US is operator dependent, and meticu-
lous attention to scanning technique as
well as knowledge of the various techni-
cal options available are imperative for an
optimized and accurate breast US exami-
nation. US is an interactive, dynamic mo-
dality. Although breast US scanning
may be performed by a sonographer or
mammography technologist, the radi-
ologist also benefits greatly from hands-on
scanning (Fig 1). Berg et al (6) demon-
strated that US interpretive performance
was improved if the radiologist had
direct experience performing breast US
scanning, including rescanning after the
technologist. Real-time scanning also pro-
vides the opportunity for thorough eval-
uation of lesions and permits detailed
lesion analysis compared with analyzing
static images on a workstation. Subtle
irregular or indistinct margins, arti-
facts, and architectural distortions may
be difficult to capture on static images.
Real-time scanning also allows the opera-
tor to assess lesion mobility, location,
and relationship to adjacent structures
and allows direct assessment of palpa-
ble lesions and other clinical findings.
Moreover, careful review of any prior
imaging studies is imperative to ensure
accurate lesion correlation.

The US examination is generally well
tolerated by the patient. Gentle but
firm transducer pressure and optimal pa-
tient positioning are essential, with
the patient’s arm relaxed and flexed be-
hind the head. Medial lesions should
generally be scanned in the supine
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BI-RADS = Breast Imaging and Reporting Data System
CNB = core needle biopsy

DCIS = ductal carcinoma in situ

3D = three dimensional
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position, and lateral lesions, including
the axilla, should usually be scanned
with the patient in the contralateral
oblique position. This allows for elimi-
nation of potential artifact secondary to
inadequate compression of breast tis-
sue.

Gray-Scale Imaging

Typical US transducers used in breast
imaging today have between 192 and
256 elements along the long axis. When
scanning the breast, a linear 12-3-MHz
transducer is commonly used. However,
in small-breasted women (with breast
thickness < 3 cm) or when performing
targeted US to evaluate a superficial
lesion, a linear 17-3-MHz transducer may
be used. Such high-frequency trans-
ducers provide superb spatial and soft-
tissue resolution, permitting substan-
tially improved differentiation of subtle
shades of gray, margin resolution, and
lesion conspicuity in the background of
normal breast tissue (Fig 2). However, the
cost of such a high insonating frequency
is decreased penetration due to atten-
uation of the ultrasound beam, making
visualization of deep posterior tissue dif-
ficult (ie, greater than 3 cm in depth by
using a linear 17-5-MHz transducer or
greater than 5 cm in depth by using a
linear 12-5-MHz transducer).

During the initial US survey of the
region of interest in the breast, the
depth should be set so that the pecto-
ralis muscle is visualized along the pos-
terior margin of the field of view. Initial
gain settings should be adjusted so that
fat at all levels is displayed as a midlevel
gray. Simple cysts are anechoic. Com-
pared with breast fat, most solid masses
are hypoechoic, while the skin, Cooper
ligaments, and fibrous tissue are echo-
genic. Time gain compensation, which
adjusts image brightness at different
depths from the skin to compensate
for attenuation of the ultrasound beam
as it penetrates into the breast tissue,
may be set manually or, with appro-
priate equipment, may be adjusted au-
tomatically during real-time scanning
or even during postprocessing of the
image.

When searching for a lesion initially
identified at mammography or MR imag-

Figure 1

b.

Figure 1: Images in a 63-year-old woman with a
new 1.4-cm right breast mass initially identified on
a screening mammogram. (a) Targeted gray-scale
US image demonstrates a corresponding 1.4-cm
solid hypoechoic mass, which appeared predomi-
nately oval and circumscribed on the initial images
obtained by the technologist. (b) Repeat US scan-
ning through the entire mass by the radiologist
demonstrates suspicious microlobulated margins. At
US-guided core needle biopsy, the mass proved to
be an invasive ductal carcinoma.

ing, careful correlation with lesion depth
and surrounding anatomic structures
is imperative. Lesion location may be
affected by the patient’s position, which
differs during mammography, US, and
MR imaging examinations. Attention to
surrounding background tissue may as-
sist in accurate lesion correlation across
multiple modalities. If a mass identified
at mammography or MR imaging is sur-
rounded entirely by fat or fibroglandular
tissue, at US it should also be surround-
ed by hypoechoic fat or echogenic fibro-
glandular tissue, respectively. Similarly,
careful attention to the region of clinical
concern is necessary when scanning a
palpable abnormality to ensure that
the correct area is scanned. The ex-
aminer should place a finger on the
palpable abnormality and then place the

Figure 2

b.

Figure 2: Images in a 27-year-old woman with a
palpable right breast mass. (a) Gray-scale US image
obtained with a 12-5-MHz linear transducer dem-
onstrates a corresponding very subtle superficial
oval, circumscribed isoechoic solid mass (marked
with calipers and arrow). (b) The mass (calipers and
arrow) is much better visualized with a 17-5-MHz
transducer. This lesion was thought to be a fibroad-
enoma and was given a BI-RADS 3 classification. A
higher-frequency transducer is better for imaging
lesions close to the skin because it has a narrower
beam width in the near field, resulting in improved
spatial resolution and tissue contrast. Note, with the
exception of simple cysts, masses should be docu-
mented with a set of images obtained in orthogonal
planes with and without calipers.

transducer directly over the region. Occa-
sionally, the US examination may be per-
formed in the sitting position if a breast
mass can only be palpated when the
patient is upright.

After a lesion is identified, or while
searching for a subtle finding, the depth or
field of view may be adjusted as needed.
The depth should be decreased to bet-
ter visualize more superficial structures
or increased to better visualize deeper
posterior lesions. The use of multiple fo-
cal zones also improves resolution at
multiple depths simultaneously and should
be used, if available. Although this re-
duces the frame rate, the reduction is
typically negligible when scanning rela-
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tively superficial structures within the
breast. If a single focal zone is selected
to better evaluate a single lesion, the
focal zone should be centered at the
same level as the area of interest or
minimally posterior to the area of inter-
est, for optimal visualization.

Spatial Compounding, Speckle Reduction,
and Harmonic Imaging

Spatial compound imaging and speckle
reduction are available on most high-
end US units and should be routinely
utilized throughout the breast US ex-
amination. Unlike standard US imag-
ing, in which ultrasound pulses are
transmitted in a single direction per-
pendicular to the long axis of the
transducer, spatial compounding uti-
lizes electronic beam steering to ac-
quire multiple images obtained from
different angles within the plane of im-
aging (7-9). A single composite image
is then obtained in real-time by averag-
ing frames obtained by ultrasound
beams acquired from these multiple
angles (10). Artifactual echoes, includ-
ing speckle and other spurious noise,
as well as posterior acoustic patterns,
including  posterior  enhancement
(characteristic of simple cysts) and
posterior acoustic shadowing (charac-
teristic of some solid masses), are sub-
stantially reduced. However, returning
echoes from real structures are en-
hanced, providing improved contrast
resolution (9) so that ligaments, edge
definition, and lesion margins, includ-
ing spiculations, echogenic halos, pos-
terior and lateral borders, as well as
microcalcifications, are better defined.
Speckle reduction is a real-time post-
processing technique that also en-
hances contrast resolution, improves
border definition, is complementary to
spatial compounding, and can be used
simultaneously.

When a lesion is identified, harmonic
imaging may also be applied—usually
along with spatial compounding—to bet-
ter characterize a cyst or a subtle solid
mass. The simultaneous use of spatial
compounding and harmonic imaging may
decrease the frame rate, although this
usually does not impair real-time evalu-
ation. Harmonic imaging relies on fil-

tering the multiple higher harmonic
frequencies, which are multiples of the
fundamental frequencies. All tissue is
essentially nonlinear to sound propaga-
tion and the ultrasound pulse is distorted
as it travels through breast tissue, cre-
ating harmonic frequencies (9). The
returning ultrasound signal therefore
contains both the original fundamental
frequency and its multiples, or har-
monics. Harmonic imaging allows the
higher harmonic frequencies to be selected
and used to create the gray-scale im-
ages (8, 9). Lower-frequency superfi-
cial reverberation echoes are thereby
reduced, allowing improved character-
ization of simple cysts (particularly if
small) through the elimination of arti-
factual internal echoes often seen in
fluid. Harmonic imaging also improves
lateral resolution (10) and may also im-
prove contrast between fatty tissue and
subtle lesions, allowing better defini-
tion of subtle lesion margins and pos-
terior shadowing (Fig 3).

Speed of Sound Imaging

Conventional US systems set the speed of
sound in tissue at a uniform 1540 m/sec
(10). However, the speed of sound in
tissues of different composition is vari-
able and this variability may compromise
US image quality. Breast tissue usually
contains fat, and the speed of sound in
fat, of approximately 1430-1470 m/sec,
is slower than the assumed standard
(11). Accurate speed of sound imaging,
in which the US transducer may be op-
timized for the presence of fat within
breast tissue, has been shown to im-
prove lateral resolution (12). Addition-
ally, it can be used to better characterize
tissue interfaces, lesion margins, and
microcalcifications (13) and may also
be useful to identify subtle hypoechoic
lesions surrounded by fatty breast tis-
sue. Speed of sound imaging is available
on most high-end modern US units and
is an optional adjustment, depending on
whether predominately fatty, predomi-
nately dense, or mixed breast tissue is
being scanned.

Lesion Annotation

When a mass is identified and the US
settings are optimized, the mass should

Figure 3: Images in a 56-year-old woman with a
remote history of left breast cancer and a new
8-mm mass in the left breast initially identified at
mammography. (a) Targeted gray-scale US image
demonstrates a very subtle, isoechoic oval circum-
scribed mass (arrow). (b) The mass (arrow) is much
better visualized with harmonic imaging, which can
provide better contrast resolution. US-guided core
needle biopsy (CNB) demonstrated grade 2 DCIS
confirmed with excisional biopsy.

be scanned with US “sweeps” through
the entire lesion in multiple planes.
Images of the lesion in the radial and
antiradial views should be captured
and annotated with “right” or “left,”
clock face position, and centimeters
from the nipple. Radial and anti-radial
scanning planes are preferred over
standard transverse and sagittal scan-
ning planes because scanning the
breast along the normal axis of the
mammary ducts and lobar tissues al-
lows improved understanding of the
site of lesion origin and better visuali-
zation of ductal extension and helps
narrow the differential diagnosis (14).
Images should be captured with and
without calipers to allow margin as-
sessment on static images. Lesion size
should be measured in three dimen-
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Figure 4

a.
Figure 4:

(a) Digital tomosynthesis mammogram (with optical magnification) in a 67-year-old woman with

a right breast mass, containing few punctate microcalcifications. (b) US image demonstrates a small clus-
tered microcyst, containing tiny echogenic foci (arrow). (c) Color Doppler twinkle artifact (white arrow) con-
firms the presence of a microcalcification corresponding to the mammographic finding. Note also a second
shadowing echogenic focus (yellow arrow), consistent with another shadowing microcalcification. This cluster

microcyst was stable at short-interval follow-up US.

sions, reporting the longest horizontal
diameter first, followed by the antero-
posterior diameter, then the orthogo-
nal horizontal.

Extended-Field-of-View Imaging

Advanced US technology permits ex-
tended-field-of-view imaging beyond
the footprint of the transducer. By us-
ing a freehand technique, the operator
slides the transducer along the desired
region to be imaged. The resultant im-
ages are stored in real-time and, by ap-
plying pattern recognition, a single
large-field-of-view image is obtained
(7). This can be helpful in measuring
very large lesions as well as the distance
between multiple structures in the
breast and for assessing the relation-
ship of multifocal disease (located in
the same quadrant as the index cancer
or within 4-5 cm of the index cancer,
along the same duct system) and/or

multicentric disease (located in a dif-
ferent quadrant than the index cancer,
or at a distance greater than 4-5 cm,
along a different duct system).

Doppler US

Early studies investigating the use of color,
power, and quantitative spectral Dop-
pler US in the breast reported that the
presence of increased vascularity, as well
as changes in the pulsatility and resis-
tive indexes, showed that these Doppler
findings could be used to reliably char-
acterize malignant lesions (15,16). How-
ever, other investigators have demon-
strated substantial overlap of many of
these Doppler characteristics in both be-
nign and malignant breast lesions (17).
Gokalp et al (18) also demonstrated that
the addition of power Doppler US and
spectral analysis to BI-RADS US features
of solid breast masses did not improve
specificity. While the current BI-RADS

US lexicon recommends evaluation of
lesion vascularity, it is not considered
mandatory (5).

Power Doppler is generally more sen-
sitive than color Doppler to low-flow vol-
umes typical of breast lesions. Light
transducer pressure is necessary to pre-
vent occlusion of slow flow owing to com-
pression of the vessel lumen. Currently
both power and color Doppler are com-
plementary tools to gray-scale imag-
ing, and power Doppler may improve
sensitivity in detecting malignant
breast lesions (18,19). Demonstration
of irregular branching central or pene-
trating vascularity within a solid mass
raises suspicion of malignant neovascular-
ity (20). Recently, the parallel artery
and vein sign has been described as a
reliable feature that has the potential to
enable prediction of benignity in solid
masses so that biopsy may be avoided.
In a single study, a paired artery and
vein was present in 13.2% of over
1000 masses at US-guided CNB and al-
though an infrequent finding, the speci-
ficity for benignity was 99.3% and the
false-negative rate was only 1.4%,
with two malignancies among 142
masses in which the parallel artery and
vein sign was identified (21).

Color and power Doppler US are
also useful to evaluate cysts and complex
cystic masses that contain a solid com-
ponent. High-grade invasive cancer and
metastatic lymph nodes may occasion-
ally appear anechoic. Demonstration of
flow within an otherwise simple ap-
pearing cyst, a complicated cyst, or a
complex mass confirms the presence of
a suspicious solid component, which re-
quires biopsy. In addition, twinkle arti-
fact seen with color Doppler US is use-
ful to identify a biopsy marker clip or
subtle echogenic microcalcifications
(Fig 4). This Doppler color artifact oc-
curs secondary to the presence of a
strong reflecting granular surface and
results in a rapidly changing mix of
color adjacent to and behind the re-
flector (22). Care must be taken to
avoid mistaking twinkle artifact for true
vascular flow and, if in doubt, a spec-
tral Doppler tracing can be obtained,
as a normal vascular waveform will
not be seen with a twinkle artifact.
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Elastography

At physical examination, it has long been
recognized that malignant tumors tend
to feel hard when compared with benign
lesions. US elastography can be used to
measure tissue stiffness with the poten-
tial to improve specificity in the diag-
nosis of breast masses. There are two
forms of US elastography available today:
strain and shear wave. With either tech-
nique, acoustic information regarding
lesion stiffness is converted into a
black-and-white or color-scaled image
that can also be superimposed on top of
a B-mode gray-scale image.

Strain elastography requires gen-
tle compression with a US probe or
natural motion (such as heart beat, vas-
cular pulsation, or respiration) and
results in tissue displacement, or
strain. Strain (ie, tissue compression
and motion) is decreased in hard tis-
sues compared with soft tissue (23).
The information obtained with strain
elastography provides qualitative infor-
mation, although strain ratios may be
calculated by comparing the strain of a
lesion to the surrounding normal tissue.
Benign breast lesions generally have lower
ratios in comparison to malignant le-
sions (24,25).

Shear-wave elastography is based on
the principle of acoustic radiation force.
With use of light transducer pressure,
transient automatic pulses can be gen-
erated by the US probe, inducing trans-
versely oriented shear waves in tissue.
The US system captures the velocity of
these shear waves, which travel faster
in hard tissue compared with soft tissue
(26). Shear-wave elastography provides
quantitative information because the
elasticity of the tissue can be measured
in meters per second or in kilopascals,
a unit of pressure.

Elastography features such as strain
ratios, size ratios, shape, homogeneity,
and maximum lesion stiffness may com-
plement conventional US in the analysis
of breast lesions. Malignant masses eval-
uated with elastography tend to be more
irregular, heterogeneous, and typically
appear larger at elastography than at
grayscale imaging (Fig 5) (27,28). Al-
though malignant lesions generally also

exhibit maximum stiffness greater than
80-100 kPa (28,29),
necessary when applying these numeri-
cal values to lesion analysis. Berg et al
(28) reported three cancers among 115
masses with maximum stiffness be-
tween 20 and 30 kPa, for a 2.6% malig-
nancy rate; 25 cancers among 281 mass-
es with maximum stiffness between 30
and 80 kPa, for an 8.9% malignancy
rate; and 61 cancers among 153 masses
with maximum stiffness between 80
and 160 kPa, for a 39.9% malignancy
rate (28). Invasive cancers with high
histologic grade, large tumor size, nodal
involvement, and vascular invasion
have also been shown to be signifi-
cantly correlated with high mean stiff-
ness at shear-wave elastography (30).
Elastography may be useful in im-
proving the specificity of US evaluation
of BI-RADS 3 and 4A lesions, includ-
ing complicated cysts. Berg and col-
leagues (28) showed that by using
qualitative elastography
and color assessment of lesion stiffness,
oval shape, and a maximum elasticity
value of less than 80 kPa, unnecessary
biopsy of low-suspicion BI-RADS 4A
masses could be reduced without a sig-
nificant loss in sensitivity. Several inves-
tigators have proposed a variety of im-
aging classifications using strain
elastography, mostly based on the color
pattern (27,31,32). A “bull’'s eye” artifact
has also been described as a character-
istic feature present in benign breast
cysts, which may appear as a round or
oval lesion with a stiff rim associated
with two soft spots, one located cen-
trally and the other posteriorly (33).
Despite these initial promising stud-
ies regarding the role of US elastography
in the analysis of breast lesions, limita-
tions do exist. Strain and shear-wave
elastography are quite different
methods of measuring breast tissue stiff-
ness, and the application of these methods
varies across different
manufacturers. Inter- and intraobserver
variability may be relatively high be-
cause the elastogram may be affected
by differences in degree and method of
compression. With strain elastogra-
phy, a quality indicator that is an as-
sociated color bar or numerical value

caution is

shear-wave

commercial

Figure 5: Images in a 51-year-old woman with a
suspicious mass first identified at screening mam-
mography. (a) Gray-scale US image demonstrates
a suspicious irregular 0.6 X 0.4-cm hypoechoic
mass with indistinct margins (arrow). (b) Shear-
wave elastogram demonstrates a stiff mass indi-
cated by the red and yellow color overlay, which
appears larger compared with gray scale. Final
pathologic evaluation demonstrated a 1.6 X 1.5-
cm moderately differentiated invasive lobular
carcinoma.

may be helpful to ensure proper light
compression. Shear-wave elastography
has been shown to be less operator-
dependent, as tissue compression is
initiated by the US probe in a standard,
reproducible fashion (34) and only light
transducer pressure is necessary. In ad-
dition, there is currently no universal
color-coding standard and, depending
on the manufacturer and/or operator
preference, stiff lesions may be arbi-
trarily coded to appear red while soft
lesions appear blue, or vice versa.
Some elastography features such as
the “bull’s eye” artifact are only seen
on specific US systems. Lesions deeper
than 2 cm are less accurately character-
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ized by means of elastography. More-
over, one must be aware that soft can-
cers and hard benign lesions exist.
Therefore, careful correlation of elas-
tography with B-mode US features and
mammography is essential. Future
studies and further technical ad-
vances, including the creation of more
uniformity across different US manu-
facturers, will ultimately determine
the usefulness of elastography in clini-
cal practice.

Three-dimensional US

Both handheld and automated high-
resolution linear 3D transducers are
now available for use in breast imag-
ing. With a single pass of the ultra-
sound beam, a 3D reconstructed im-
age can be formed in the coronal,
sagittal, and transverse planes, poten-
tially allowing more accurate assess-
ment of anatomic structures and tu-
mor margins (Fig 6). Few studies
regarding the performance of 3D US in
the breast exist, but a preliminary
study demonstrated improved charac-
terization of malignant lesions (35).
Automated supine whole-breast US us-
ing 3D technology is now widely avail-
able for use in the screening setting
(see section on screening breast US).
Three-dimensional US may also be
used in addition to computed tomogra-
phy for image-guided radiation therapy
(36) and has a potential role in assess-
ing tumor response to neoadjuvant
chemotherapy.

US Features of Benign and Malignant
Breast Lesions

Cysts

Although for many years the main func-
tion of breast US was to differentiate
cysts from solid masses, this differenti-
ation can at times be problematic, par-
ticularly if the lesion is small or located
deep in the breast. Simple cysts are de-
fined as circumscribed, anechoic masses
with a thin imperceptible wall and en-
hanced through transmission (provided
spatial compounding is not used). By
convention, simple cysts may also contain
up to a single thin septation. Simple cysts

Figure 6

Figure 6:

10.0 mnj

Images in a 68-year-old woman with 3.8 X 2.4-cm irregular mass with angular spiculated

margins and posterior acoustic shadowing, best seen on the coronal 3D US acquisition (arrow). Note lesion
orientation beginning clockwise from upper left corner: sagittal, transverse, 3D, and coronal planes. Final
pathologic evaluation demonstrated a 4.0 X 2.7-cm moderately differentiated infiltrating ductal carcinoma.

are confidently characterized with vir-
tually 100% accuracy at US (14,37), pro-
vided that they are not very small (< 5 mm
in size) or not located in deep tissue.
Complicated cysts are hypoechoic with
no discernable Doppler flow, contain
internal echoes, and may also exhibit
indistinct margins, and/or lack poste-
rior acoustic enhancement. Clustered
microcysts consist of a cluster of tiny
(<2-3 mm in size) anechoic foci with
thin (< 0.5 mm in thickness) interven-
ing septations.

Complicated cysts are very common
sonographic findings and the majority
are benign. In multiple studies, which
evaluated over 1400 complicated cysts
and microcysts, the malignancy rate
ranged from 0% to 0.8% (38-44). Most
complicated cysts and clustered micro-
cysts with a palpable or mammographic

correlate are classified as BI-RADS 3
and require short-interval imaging fol-
low-up or, occasionally, US-guided aspi-
ration. However, in the screening US
setting, if multiple and bilateral compli-
cated and simple cysts are present (ie,
at least three cysts with at least one
cyst in each breast), these complicated
cysts can be assessed as benign, Bl-
RADS 2, requiring no additional fol-
low-up (38).

Complicated cysts should never
demonstrate internal vascularity at color
Doppler interrogation. The presence of
a solid component, nodule,
thickened septation, or thickened wall
within a cystic mass precludes the diag-
nosis of a benign complicated cyst.
These complex masses require biopsy,
as some cancers may have cystic com-
ponents. The application of compound

mural
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imaging and harmonics, color Doppler,
and potentially elastography may help
differentiate benign complicated cysts
from malignant cystic-appearing mass-
es and reduce the need for additional
follow-up or biopsy.

Solid Masses

Sonographic features of benign-appear-
ing solid masses include an oval or ellip-
soid shape, “wider-than-tall” orientation
parallel to the skin, circumscribed mar-
gins, gentle and smooth (less than
three) lobulations, as well as absence
of any malignant features (2,45) (Fig
2b). Lesions with these features are
commonly fibroadenomas or other be-
nign masses and can often be safely fol-
lowed, even if the mass is palpable (46—
48). Malignant features of solid masses

include spiculations, angular margins,
marked hypoechogenicity, posterior
acoustic shadowing, microcalcifica-

tions, ductal extension, branching pat-
tern, and 1-2-mm microlobulations (2,45)
(Figs 1b, 3, 6). These are also often
taller-than-wide lesions with a nonpar-
allel orientation to the skin and may
occasionally be associated with thick-
ened Cooper ligaments and/or or skin
thickening. Most cancers have more
than one malignant feature, spiculation
being the most specific and angular
margins the most common (2).

There is, however, considerable over-
lap between these benign and malig-
nant US features and careful scanning
technique, as well as direct correlation
with mammography, is essential. For ex-
ample, some high-grade invasive duc-
tal carcinomas with central necrosis,
as well as the well-differentiated mu-
cinous and medullary subtypes, may
present as circumscribed, oval, hy-
poechoic masses that may look like
complicated cysts with low-level internal
echoes at US. Benign focal fibrous
breast tissue or postoperative scars can
appear as irregular shadowing masses
on US images. Furthermore, while
echogenic lesions are often benign and
frequently represent lipomas or fibrous
tissue, echogenic cancers do rarely oc-
cur (Figs 7, 8) (49,50). The presence of
a single malignant feature, despite the
presence of multiple benign features,

precludes a benign classification and
mandates biopsy, with the exception
of fat necrosis and postoperative scars
exhibiting typical benign mammo-
graphic features. Likewise, a mass with
a benign US appearance should be bi-
opsied if it exhibits any suspicious
mammographic features.

Ductal Garcinoma in Situ

Ductal carcinoma in situ (DCIS) is
characteristically associated with mi-
crocalcifications detected at mammog-
raphy, but may also be detected at US
since they are often associated with a
subtle hypoechoic mass, which may
indicate an invasive mammographically
occult component. US features associ-
ated with DCIS most commonly include a
hypoechoic mass with an irregular
shape, microlobulated margins, no
posterior acoustic features, and no in-
ternal vascularity. Ductal abnormalities,
intracystic lesions, and architectural dis-
tortions may also be present (51-53).
Noncalcified DCIS manifesting as a
solid mass at US is more frequently
found in non-high-grade than high-
grade DCIS, which is more often asso-
ciated with microcalcifications and duc-
tal changes (54). US can depict
microcalcifications, particularly those
in clusters greater than 10 mm in size
and located in a hypoechoic mass or a
ductlike structure (Fig 9) (55). Malignant
calcifications are more likely to be de-
tected sonographically than are benign
calcifications, which may be obscured
by surrounding echogenic breast tissue
(55,56). Although US is inferior to mam-
mography in the detection of suspicious
microcalcifications, the main benefit of
US detection of DCIS is to identify the
invasive component and guide biopsy
procedures.

Breast US in Clinical Practice

Current indications for breast US as rec-
ommended by the American College of
Radiology Practice Guidelines include
the evaluation of palpable abnormalities
or other breast symptoms, assessment
of mammographic or MR imaging-de-
tected abnormalities, and evaluation of
breast implants (57). Additionally, US

Figure 7:  Gray-scale US image shows circum-
scribed palpable, round, predominately echogenic
mass with posterior acoustic enhancement in the
right breast of a 70-year-old-woman. Mass proved
to be an invasive ductal carcinoma with mucinous
features.

Figure 8: Gray-scale US image shows oval,
circumscribed, predominately echogenic palpable
mass (arrow) in the chest wall of a 42-year-old-
woman with a remote history breast cancer, after
mastectomy with TRAM (transverse rectus abdomi-
nis myocutaneous) flap reconstruction. Mass was
proved at US-guided CNB to be fat necrosis.

is routinely used for guidance during
interventional procedures, treatment
planning for radiation therapy, screen-
ing in certain groups of women, and
evaluation of axillary lymph nodes.
Much literature has been written on
these uses and a comprehensive discus-
sion is beyond the scope of this article.
A few important and timely topics,
however, will be reviewed.

BI-RADS US
The BI-RADS US lexicon was intro-
duced in 2003, and subsequently, there

have been several studies assessing the
accuracy of BI-RADS US classification
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Figure 9

RMCC

Figure 9:

(a) Magnification mammogram in a 43-year-old woman

demonstrates suspicious pleomorphic microcalcifications in a segmen-
tal distribution (arrows). (b) Corresponding US image demonstrates
multiple echogenic microcalcifications and hypeooechoic material
within distended ducts (arrow). US-guided CNB revealed DCIS grade 3,

confirmed with surgical excision.

of breast lesions. Low to moderate in-
terobserver agreement has been found
in the description of margins (especially
noncircumscribed  margins),  echo-
genicity, and posterior acoustic fea-
tures. Abdullah et al (58) reported low
interobserver agreement especially for
small masses and for malignant masses.
Given the importance of margin analysis
in the characterization of benign and ma-
lignant lesions, this variability is poten-
tially problematic. Studies have also
shown variable results in the use of the
final assessment categories. In clinical
settings, Raza et al (46) showed incon-
sistent use of the BI-RADS 3 (probably

benign) category in 14.0% of cases
when biopsy was recommended. Abdul-
lah et al also demonstrated fair and poor
interobserver agreement for BI-RADS 4
(suspicious for malignancy) a, b, and ¢
subcategories (58). However, Henig et
al (59) reported more promising re-
sults, with malignancy rates in cate-
gories 3, 4, and 5 to be similar to those
seen with mammographic categoriza-
tion (1.2%, 17%, and 94%, respec-
tively).

Evaluation of Mammographic Findings

Targeted US is complementary to diag-
nostic mammography because of its ability

to differentiate cystic and solid lesions.
US is also useful in the work up of sub-
tle asymmetries, as it can help iden-
tify or exclude the presence of an un-
derlying mass. True hypoechoic lesions
can often be differentiated from
prominent fat lobules by scanning in
multiple planes, because true lesions
usually do not blend or elongate into ad-
jacent tissue. With the introduction of
digital breast tomosynthesis for mammo-
graphic imaging, US will play yet another
important role. As mammographic le-
sions can often be detected, localized,
and have adequate margin assessment
on 3D images, patients with lesions de-
tected on digital breast tomosynthesis
images at screening may often be re-
ferred directly to US, avoiding additional
mammographic imaging and its associ-
ated costs and radiation exposure (Fig
10). This will place an even greater im-
portance on high-quality US.

Evaluation of the Symptomatic Patient:
Palpable Masses, Breast Pain, and Nipple
Discharge

US is essential in the evaluation of pa-
tients with the common clinical com-
plaint of either a palpable mass or focal
persistent breast pain. Unlike focal breast
pain, which may be occasionally associ-
ated with benign or malignant lesions,
diffuse breast pain (bilateral or unilat-
eral), as well as cyclic breast pain, re-
quires only clinical follow-up, as it is usu-
ally physiologic with an extremely low
likelihood of malignancy (60,61). In pa-
tients with isolated focal breast pain, the
role of sonography may be limited to
patient reassurance (61). In women
younger than 30 years of age, with a
palpable lump or focal breast pain, US
is the primary imaging test, with a sensi-
tivity and negative predictive value of
nearly 100% (62). Symptomatic
women older than 30 years usually re-
quire both US and mammography, and
in these patients, the negative predictive
value approaches 100% (63,64). Lehm-
an et al (65) demonstrated that in
symptomatic women aged 30-39 years,
the risk of malignancy was 1.9% and
the added value of adjunct mammogra-
phy in addition to US was low. Identifica-
tion of a benign-appearing solid lesion at
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Figure 10

Figure 10:

C.

10.0 mm

-

(a) Screening craniocaudal tomosynthesis mammogram in a 75-year-old woman depicts a small spiculated breast mass (arrow) in the right upper outer

quadrant. (b) The patient was recalled for targeted US, which confirmed the presence of a small irregular suspicious hypoechoic taller-than-wide mass with indistinct
margins and posterior acoustic shadowing (arrow). (c) Images obtained with 3D US combined with elastography demonstrate an irregular mass with moderate stiff-
ness, as noted by the green and yellow color overlay. Lesion orientation beginning clockwise from upper left corner: sagittal, transverse, 3D, and coronal planes.US-
guided CNB demonstrated an infiltrating ductal carcinoma.

US in a symptomatic woman can negate
the need for needle biopsy, as many of
these masses can safely be monitored
with short-interval follow-up US (46-
48), usually performed at 6 months. A
suspicious mass identified at US can
promptly undergo biopsy with US
guidance.

US can also be used as an alternative
or an addition to ductography in patients
who present with unilateral, spontane-
ous bloody, clear, or serosanguinous nip-
ple discharge (66). Among women with
worrisome nipple discharge, ductogra-
phy can demonstrate an abnormality in
59%-82% of women (67,68), MR imag-
ing may demonstrate a suspicious ab-
normality in 34% of women (68), and
US has been shown to demonstrate a

subareolar mass or an intraductal mass
or filling defect in up to 14% of women
(67). If US can be used to identify a ret-
roareolar mass or an intraductal mass,
US-guided biopsy can be performed and
ductography may be avoided (Fig 11).
US may be limited, however, as small pe-
ripherally located intraductal masses or
masses without an associated dilated
duct may not be identified. Therefore,
galactography, MR imaging, and/or ma-
jor duct excision may still be necessary
in the symptomatic patient with a nega-
tive US examination.

Finally, in the pregnant or lactating
patient who presents with a palpable
breast mass, focal breast pain, or bloody
nipple discharge, US is also the initial
imaging modality of choice. Targeted US

examination in these patients can be
used to identify most benign and malig-
nant masses, including fibroadenomas,
galactocoeles, lactating adenomas, ab-
scesses, and invasive carcinomas. In a
recent study by Robbins et al (69), a neg-
ative predictive value of 100% was found
among 122 lesions evaluated with US
in lactating, pregnant, or postpartum
women. This is much higher than the
pregnancy-associated breast cancer sen-
sitivity of mammography, which has
been reported in the range of 78%-
87% (70,71). The diminished sensitiv-
ity of mammography is likely due to
increased parenchymal density seen in
these patients. However, since lactat-
ing breast parenchyma is more echo-
genic than most breast masses, hy-
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Figure 11

Figure 11:  Color Doppler US image in a 36-year-
old woman demonstrates an intraductal hypoechoic
retroareolar mass with associated vascular flow
(arrow). US-guided CNB demonstrated an intraductal
papilloma with atypia, confirmed with surgical exci-
sional biopsy.

poechoic breast cancers are more
readily detected at US in pregnant pa-
tients.

Supplemental Screening Breast US

Because of the known limitations of
mammography, particularly in women
with dense breast tissue, supplemental
screening with whole-breast US, in ad-
dition to mammography, is increasingly
gaining widespread acceptance. Nu-
independent studies have
demonstrated that the addition of a sin-
gle screening or whole-breast US exami-
nation in women with dense breast
tissue at mammography will yield an
additional 2.3-4.6 mammographically
occult cancers per 1000 women (72-
80). Mammographically occult cancers
detected on US images are generally
small node-negative invasive cancers
(Fig 12) (81). However, few studies
have investigated the performance of
incident screening breast US, and the
optimal screening US interval is un-
known. Berg and colleagues (82) re-
cently demonstrated that incident an-
nual supplemental screening US in
intermediate- and high-risk women
with mammographically dense breast tis-
sue enabled detection of an additional 3.7
cancers per 1000 women screened.
Handheld screening breast US is
highly operator-dependent and the ma-
jority of screening breast US studies
have relied on physician-performed ex-
aminations. As per the ACRIN 6666 pro-
tocol, a normal screening US examina-

merous

Figure 12:
mammographically occult tubular infiltrating ductal
carcinoma detected at screening US. Gray-scale
image demonstrates a 4-mm subtle taller-than-wide
hypoechoic mass with indistinct margins (arrow).

Image in a 57-year-old woman with a

tion should consist of a minimum of one
image in each quadrant and one behind
the nipple (83). Two studies have also dem-
onstrated that technologist-performed
handheld screening breast US can achieve
similar cancer detection rates (76,78).

Automated whole-breast US is a re-
cently developed alternative to traditional
handheld screening breast US, in which
standardized, uniform image sets may be
readily obtained by a nonradiologist.
Automated whole-breast US systems may
utilize a standard US unit and a linear-
array transducer attached to a computer-
guided mechanical arm or a dedicated
screening US unit with a 15-cm wide
transducer (84,85). With these systems,
over 3000 overlapping sagittal, trans-
verse, and coronal images are ob-
tained and available for later review by
the radiologist, with associated 3D re-
construction. The advantages include
less operator dependence, increased
radiologist efficiency, and increased
reproducibility, which could aid in fol-
low-up of lesions.

A multi-institutional study has shown
that supplemental automated whole-
breast US can depict an additional 3.6
cancer per 1000 women screened, sim-
ilar to physician-performed handheld
screening US (85). However, disadvan-
tages include the limited ability to scan
the entire breast, particularly posterior
regions in large breasts, time-consuming
review of a large number of images by
the radiologist, and the need to recall
patients for a second US examination
to re-evaluate indeterminate findings.

Moreover, few investigators have
compared the use of handheld with au-
tomated breast US screening. A single
small recent study by Chang et al (86)
demonstrated that of 14 cancers ini-
tially detected at handheld screening,
only 57%-79% were also detected by
three separate readers on automated
whole-breast US images, with the two
cancers missed by all three readers at
automated whole-breast US, each less
than 1 cm in size.

The use of supplemental screening
breast US, performed in addition to
mammography, remains controversial
despite proof of the ability to detect
small mammographically occult cancers.
US has limited value for the detection
of small clustered microcalcifications
without an associated mass lesion. Low
positive predictive values of biopsies
performed of less than 12% have been
consistently reported (77,87). No out-
come study has been able to demonstrate
a direct decrease in patient mortality
due to the detection of these additional
small and mammographically occult can-
cers. This would require a long, random-
ized screening trial, which is not feasible.
Rationally, however, the early detection
and treatment of additional small breast
cancers should improve outcomes and
reduce overall morbidity and mortality.
Many insurance companies will not
reimburse for screening breast US and
historically, this examination has not been
widely accepted in the United States.

Nevertheless, because of both the
known efficacy of supplemental screening
breast US and overall increased breast
cancer awareness, more patients and cli-
nicians are requesting this examination.
In fact, some states now mandate that
radiologists inform women of their
breast density and advise them to dis-
cuss supplemental screening with their
doctors. Although supplemental screen-
ing breast MR imaging is usually pre-
ferred for women who are at very
high risk for breast cancer (ie, women
with a lifetime risk of over 20%, for ex-
ample those women who are BRCA pos-
itive or have multiple first-degree rela-
tives with a history of premenopausal
breast cancer), screening breast US
should be considered in women at very

652

radiology.rsna.org = Radiology: \lolume 268: Number 3—September 2013



Radiology

STATE OF THE ART: Breast Ultrasonography

Hooley et al

high risk for breast cancer who cannot
tolerate breast MR imaging, as well as
those women with dense breast tissue
and intermediate risk (ie, lifetime risk
of 15%-20%, for example those
women whose only risk factor is a per-
sonal history of breast cancer or previ-
ous biopsy of a high-risk lesion), or
even average risk. Future studies are
needed to establish strategies to reduce
false-positive results and continue to
optimize both technologist-performed
handheld screening US and automated
whole-breast US in women with mam-
mographically dense breast tissue.

Use of US for MR Imaging-depicted
Abnormalities

MR imaging of the breast is now an
integral part of breast imaging, most com-
monly performed to screen high-risk
women and to further assess the stage
in patients with newly diagnosed breast
cancers. While MR has a higher sensi-
tivity than mammography for detecting
breast cancer, the specificity is rela-
tively low (88). Lesions detected on MR
images are often mammographically
occult, but many can be detected with
targeted US (Fig 13). Besides further
US characterization of an MR imaging-
detected lesion, US may be used to guide
intervention for lesions initially detected
at MR imaging. US-guided biopsies are
considerably less expensive, less time
consuming, and more comfortable for
the patient than MR imaging-guided
biopsies.

Some suspicious lesions detected at
MR imaging will represent invasive duc-
tal or lobular cancers, but many may
prove to be intraductal disease, which
can be challenging to detect at US. Me-
ticulous scanning technique is required
for an MR imaging-directed US exami-
nation, with knowledge of subtle sono-
graphic signs and close correlation with
the MR imaging findings and location.
Precontrast T1 images are helpful to fa-
cilitate localization of lesions in relation
to fibroglandular tissue (89). Because
MR imaging abnormalities tend to be
vascular, increased vascularity may also
assist in detection of a subtle sonographic
correlate (90). Having the MR images
available for simultaneous review while

performing the US examination will ide-
ally permit such associative correlation.
At the authors’ facility, computer moni-
tors displaying images from the picture
archiving and communication system
are available in all US rooms for this
purpose.

Recent studies have shown that
46%-71% of lesions at MR imaging can
be detected with focused US (90-94).
Enhancing masses detected on MR im-
ages are identified on focused US im-
ages in 58%-65% of cases compared
with nonmass enhancement, which is
identified on focused US images in only
12%-32% of cases (90-92). Some stud-
ies have shown that US depiction of an
MR imaging correlate was independent
of size (91,93,95). However, Meiss-
nitzer et al (92) showed that size depen-
dence is also important: For masses 5
mm or smaller, only 50% were seen,
versus 56% for masses 6-10 mm, 73%
for masses 11-15 mm, and 86% for
masses larger than 15 mm. Likewise,
this study also demonstrated that for
nonmass lesions, a US correlate was
found for 13% of those measuring 6-10
mm, 25% of those 11-15 mm, and 42%
of those larger than 15 mm (92). In ad-
dition, many of these studies deter-
mined that when a sonographic corre-
late was discovered, the probability of
malignancy was increased (90-92).
Since typical US malignant features
such as spiculation and posterior shad-
owing may be absent and the pretest
probability is higher for MR imaging—
detected lesions, a lower threshold for
biopsy should be considered when per-
forming MR imaging-directed US com-
pared with routine targeted US (90)
or screening US.

Because lesions are often very sub-
tle at MR-directed US examination and
because of differences in patient posi-
tioning during the two examinations,
careful imaging-histologic correlation
is required when performing US-guid-
ed biopsy of MR imaging-detected ab-
normalities. For lesions sampled with
a vacuum-assisted device and US guid-
ance, Sakamoto et al (96) found a
higher rate of false-negative biopsy re-
sults for MR imaging-detected lesions
than for US-detected lesions, suggest-

Figure 13

Figure 13:  (a) Fifteen-second T1-weighted sub-
tracted postcontrast fat-suppressed breast MR
image demonstrates an enhancing mammographi-
cally occult 7-mm left breast mass (arrow) in a
50-year-old asymptomatic woman who was at very
high risk for breast cancer. (b) Targeted US image
demonstrates a corresponding irregular hypoechoic
mass with angular margins (arrow) adjacent to a
small cyst (cyst also seen on short T1 inversion
recovery MR images, not shown). US-guided CNB
demonstrated infiltrating ductal carcinoma.

ing that precise US-MR imaging corre-
lation may not have occurred. Meiss-
nitzer et al (92) showed that although
91% of MR imaging-detected lesions
had an accurate US correlate, 9% were
found to be inaccurate. With ever-im-
proving techniques and experience in
breast US, the US visualization of MR
imaging-detected abnormalities will
likely continue to improve. Neverthe-
less, if a suspicious lesion is not identi-
fied sonographically, MR imaging-
guided  biopsy should still be
performed, because the malignancy
rate of sonographically occult MR im-
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aging-detected lesions has been shown
to range from 149% to 22% (91,95).

Preoperative Staging of Cancer with US
Breast MR imaging has been shown to
be more sensitive than US in the detec-
tion of additional foci of mammographi-
cally occult disease in women with
newly diagnosed breast cancer (97-99).
Nevertheless, when a highly suspicious
mass is identified at mammography and
US, immediate US evaluation of the re-
mainder of the ipsilateral breast, the
contralateral breast, and the axilla
should be considered. If additional le-
sions are identified, preoperative stag-
ing with MR imaging can be avoided
and US-guided biopsy can be promptly
performed, saving the patient valuable
time and expense (100). In a study by
Moon et al (101), of 201 patients with
newly diagnosed breast cancer, staging
US demonstrated mammographically
occult multifocal or multicentric disease
in 28 patients (14%) and contralateral
breast cancers in eight patients (4%),
resulting in a change in therapy in 32
patients (16%).

US can also be used to identify ab-
normal axillary, supraclavicular, and
internal mammary lymph nodes. Ab-
normal lymph nodes characteristically
demonstrate focal or diffuse cortical
thickening (=3 mm in thickness), a
round (rather than oval or reniform)
shape, loss of the echogenic fatty hilum
and/or nonhilar, disorganized, irregu-
lar blood vessels (102,103) (Fig 14). A
positive US-guided CNB or fine-needle
aspiration of a clinically abnormal axil-
lary lymph node in a patient with a
known breast cancer can aid patient
management, by avoiding the need for
sentinel node biopsy and allowing the
patient instead to proceed directly to
axillary lymph node dissection or neo-
adjuvant chemotherapy.

Interventional Breast US

US-guided interventional procedures
have increased in volume in recent
years and US is now the primary biopsy
guidance technique used in many breast
imaging centers. Most palpable le-
sions, as well as lesions detected at
mammography, MR imaging, or

screening US, can be sampled with
US. With current high-resolution
transducers, even suspicious intraduct-
al microcalcifications may be detected
and sampled.

While US-guided procedures require
technical skills that must be developed
and can be challenging, once mastered
this technique allows precise real-time
sampling of the lesion, which is not
possible with either stereotactic or MR
imaging-guided procedures. US-guided
procedures do not require ionizing radi-
ation or intravenous contrast material.
US procedures are more tolerable for
patients than stereotactic (104) or MR
imaging-guided procedures because US-
guided procedures are faster and more
comfortable, as breast compression
and uncomfortable biopsy coils or tables
are not necessary and the procedure
may be performed with the patient
supine (104-106).

Most literature has shown that auto-
mated 14-gauge CNB devices are ade-
quate for the majority of US-guided bi-
opsies (107-113). Image-guided CNB is
preferable to fine-needle aspiration cy-
tology of breast masses because of su-
perior sensitivity, specificity, and diag-
nostic accuracy (116). DCIS, malignant
invasion, and hormone receptor status of
invasive breast cancers can be determined
with CNB samples, but not with fine-
needle aspiration cytology. Fine-needle
aspiration may be performed, however,
in complicated cysts and symptomatic
simple cysts. In these cases, the cyst as-
pirate fluid can often be discarded; cy-
tology is usually only necessary if the fluid
is frankly bloody (117).

The choice of performing fine-needle
aspiration or CNB of a suspicious axil-
lary lymph node depends on radiologist
preference and the availability of an
experienced cytopathologist, although
CNB is usually more accurate than fine-
needle aspiration biopsy (118,119). Fine-
needle aspiration may be preferred for
suspicious deep lymph nodes in prox-
imity to the axillary vessels, whereas
CNB may be preferred in large nodes
with thickened cortices, particularly if
determination of hormone receptor
status or immunohistochemistry is de-
sired, since more tissue is required for

Figure 14:  US image in 62-year-old woman with
suspicious pleomorphic microcalcifications in right
breast (not shown), proved to be grade 3 infiltrating
duct carcinoma at stereotactic CNB. Staging US
image of the axilla depicts suspicious lymph nodes
(arrows) with abnormally thickened cortices and
displaced fatty hila. These lymph nodes were proved
to be metastatic at US-guided CNB and axillary
dissection.

Figure 15

b.

Figure 15:  (a) Prefire image at US-guided CNB of
a cyst with a mural nodule in a 49-year-old woman.
Because the mass was predominately cystic, the
needle was inserted with an “open trough” technique
(arrow) by using a 12-gauge vacuum-assisted device
to ensure the mural nodule was sampled. (b) The
cyst collapsed after the needle was fired and a
specimen was obtained. Pathologic evaluation
demonstrated cyst contents and fat necrosis.
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these assays. If lymphoma is suspected,
a core should be placed in saline and
also in conventional formalin.

While the underestimation rate of
malignancy can be considerable for
high-risk lesions such as atypical hyper-
plasia, such histology is not commonly
found in lesions undergoing US-guided
CNB. Multiple studies have shown a
false-negative rate for US CNB biopsy
of around 2%-3% (107-115). Although
the contiguous and larger samples ob-
tained with a vacuum-assisted biopsy
device undoubtedly reduce sampling er-
ror, the vacuum-assisted biopsy is a
more expensive and more invasive pro-
cedure (109). In the authors’ experi-
ence, vacuum-assisted US biopsy is to
be considered for small masses, intra-
ductal or intracystic lesions, or lesions
with subtle microcalcifications. These
may be difficult to adequately sample
with a spring-loaded automatic firing
device. Alternatively, for more accu-
rate sampling of such challenging
cases, as well as some axillary lymph
nodes and masses smaller than 1 cm in
size, automated CNB needles designed
to place the inner trough of the needle
within a lesion before firing can be uti-
lized (Fig 15). With this technique, the
sampling trough of the CNB needle can
be clearly visualized within the lesion
before the overlying outer sheath is
fired. Regardless of needle choice, a
postbiopsy clip marker should be
placed followed by a postbiopsy mam-
mogram to document clip position. This
will assist with follow-up imaging, facil-
itating mammography and/or MR imag-
ing correlation.

There has been recent interest in the
percutaneous removal of benign breast
lesions by using US-guided vacuum-
assisted biopsy. While in general, proved
benign concordant lesions can safely
remain in the breast, some patients de-
sire removal. Percutaneous US-guided
removal with a vacuum-assisted bi-
opsy device can replace surgical re-
moval in some cases, particularly for
small lesions (1 cm in size or less). Sev-
eral reports have shown promising re-
sults demonstrating rates of complete
lesion excision, varying from 61% to
94% (120-124). Dennis et al (125)

demonstrated that vacuum-assisted
US-guided biopsy could be used to ex-
cise intraductal lesions resulting in res-
olution of problematic nipple discharge
in 97% of patients. Even on long-term
follow-up, most studies show low rates
of residual masses, more commonly
observed in larger fibroadenomas.

Intraoperative Breast US

The use of two-dimensional and 3D in-
traoperative US may decrease the inci-
dence of positive margins and decrease
re-excision rates (126-130) particularly
in the setting of lumpectomy for palpa-
ble cancers, when US is used to assess
the adequacy of surgical margins to de-
termine the need for additional tissue
removal. Similarly, intraoperative US
has also been utilized to improve detec-
tion and removal of metastatic lymph
nodes during sentinel lymph node as-
sessment (131).

Future Directions

Intravenous US microbubble contrast
agents have been used to enhance US di-
agnosis by means of analysis, enhance-
ment patterns, the rates of uptake and
washout, and identification of tumor an-
giogenesis. In addition, preliminary re-
search has shown that intravenous US
contrast agents may be able to depict
tissue function with the potential to de-
liver targeted gene therapy to selected
tumor cells (132). However, there are
currently no intravenous US contrast
agents approved for use in breast imag-
ing by the U.S. Food and Drug Admin-
istration. Other potential advances in
breast US include fusion imaging, which
involves the direct overlay of correlative
MR imaging with targeted US. Another
evolving area is that of US computer-
aided detection, which may be of par-
ticular benefit when combined with au-
tomated whole-breast screening US.

Technical advances in US now allow com-
prehensive US diagnosis, management,
and treatment of breast lesions. Optimal
use of US technology, meticulous scan-
ning technique with careful attention to

lesion morphology, and recognition and
synthesis of findings from multiple im-
aging modalities are essential for optimal
patient management. In the future, as
radiologists utilize US for an ever-in-
creasing scope of indications, become
aware of the more subtle sonographic
findings of breast cancer, and apply
newly developing tools, the value of
breast US will likely continue to in-
crease and evolve.
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