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Foreword I

The book you are about to read is certainly important in itself, as it is an
authoritative, practical, and scholarly guide to one of the most rapidly
changing and increasingly valuable areas in breast medicine. But its true
significance is best appreciated from the long-term historical perspective.

The advances in diagnostics and therapeutics that have transformed our
modern world are the results of a revolution in biomedical philosophy that,
while starting in the first centuries of the Common Era, is still in progress.
This slow but inexorable ascendancy of the organ-based medical tradition
of the Arabian-Persian-Hebrew schools and consequent decline of the
ancient Greek reliance on manipulation of humors (“feed a cold; starve a
fever”) has brought functional anatomy into the very center of our think-
ing. Yet what began with vague concepts of gross organs and organ systems
has now progressed into highly sophisticated cell biology, biochemistry, and
genetics, even while structure-function linkage has been preserved as the
rational core. We have learned to describe phenomena in increasing levels
of detail, from the whole tissue down to the level of the single molecule.
The process has spun off dramatic improvements in detection, prognosti-
cation, and intervention, and promises much, much more.

Seen in this context, the rise of magnetic resonance imaging of the breast
is a vital contemporary example of an enduring historical development.The
twentieth century saw both the emergence of breast surgery as the first
treatment capable of curing some cases of breast cancer and its enhance-
ment by radiation therapy and systemic drug administration. Breast
imaging coevolved both to guide the therapeutic hand and to improve the
diagnostic hand, thereby vastly augmenting the value of all three treatment
modalities. But what we read in these pages is not just a chronicle of
advances in the art of visualizing a mass. We are thrust into the middle of
a sea change in our ability to assess—simultaneously and non-invasively or
minimally invasively—the structure and function of the cells from which
cancers arise and are sustained.

Hence, contemporary technology is beginning to provide what twenty
centuries of medical progress has sought, a melding of anatomy, physiology,
and therapeutics in real time and to strikingly beneficial effect. Funda-
mental concepts of the normal and cancerous breast are being challenged.
Venerable terms like preneoplastic stroma, preinvasive carcinoma, multifo-
cality, and margin assessment are being redefined. Our access to the earli-
est events in breast disease, the molecular events, is opened wider. Where
all of this will lead is, of course, unknowable, but the direction is clear:
clearer and deeper and more integrated understanding, all in the service of
better management. That is the big picture, and that is what these pages
really signify.

Larry Norton, MD
Memorial Sloan-Kettering Cancer Center

New York, NY
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Foreword II

Breast cancer is a major health problem for American women and it
accounted for almost 40,000 deaths in 2003. Unlike many other forms of
cancer, awareness among women of the risks associated with breast cancer
is high and derives from many sources including health education programs
promoting screening, extensive media coverage, and first-hand knowledge
from friends or relatives with the diagnosis.

Despite this public awareness, our best screening tool, mammography,
has a false-negative rate of 10% to 25%, depending on the series. Hundreds
of women who participate in screening are falsely reassured that they are
breast cancer free each year. Furthermore, mammography has limitations
in its ability to accurately establish the extent of disease in the breast for
some subsets of women undergoing treatment. For example, it may under-
estimate the extent of lobular carcinoma in up to 25% of cases. It is in this
climate that interest has focused on MRI as an adjunct to mammography.

MRI has been a valuable imaging tool for many parts of the human
anatomy since the early 1980s, but it was not widely used for imaging the
breast until recently. Fewer than 5 years ago, the US Public Health Service
Office on Women’s Health organized a meeting to design and develop a
research plan for optimization and clinical evaluation of breast MRI.At the
time of the meeting, individual clinicians had research experience within a
few specific areas of MRI, but the main conclusions of the meeting were
that dissemination of breast MRI into the clinic had been slow, there was
an urgent need for a lexicon similar to the BI-RADS™ system developed
for reading mammograms, and breast MRI required dedicated breast
equipment systems.

As detailed in this textbook, significant progress has been made in the
development of MRI for the breast. MRI is now recognized as the most
sensitive imaging modality for breast cancer, and it has been shown to
provide clarity in many clinical situations in which dense breast tissue is not
imaged well with routine mammography or with ultrasound. It has been
particularly useful in demonstrating the extent of biopsy-proven cancers,
especially invasive lobular cancers and ductal carcinoma in situ, which his-
torically were not well imaged with conventional breast techniques. In such
situations, the MRI may be useful in guiding both the surgeon and the
patient regarding the appropriate choice of breast conservation versus 
mastectomy.

The sensitivity of MRI can be a challenge as well as a boon. In women
with biopsy-proven cancer, MRIs obtained after wide local excision with
pathologically close or involved margins may reveal enhancement that
could represent a small volume of tumor that is not clinically relevant and
has been sterilized in the past with breast radiation, or it could represent
surgical artifact. Research in this area is ongoing and will be critical in
broadening the utility of this modality.
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x Foreword II

The specificity of MRI-enhanced lesions in the breast is moderate. Until
recently lesions imaged only on MRI and not on breast ultrasound or mam-
mography were technically difficult to biopsy because ferromagnetic
needles (MRI unsafe) could not be used in the localizing process if a magnet
was required. Now, with several clinical systems commercially available
using nonferromagnetic needles (MRI safe) instead of ferromagnetic
devices to localize these lesions and sample tissue, better data will be gen-
erated. Also, breast imagers have learned a great deal regarding the timing
and sequencing of the images.

At present, the clinical impact of breast MRI is uncertain. In a center
with dedicated equipment and equally dedicated radiologists, it is probably
useful for women with biopsy-proven breast cancers to exclude additional
unsuspected disease. As noted previously, MRI can demonstrate the extent
of disease in the breast, thereby assisting in decisions regarding appropri-
ate primary surgery. For women who present with biopsy-proven breast
cancer in an axillary node but for whom no primary lesion can be identi-
fied through physical examination or mammography, MRI can often direct
the surgical team to an index lesion in the breast.

For patients with larger but technically resectable breast cancers who
elect neoadjuvant chemotherapy in an effort to convert from mastectomy
to breast conservation, MRI is an excellent tool to track the response of the
index lesion to chemotherapy and determine if and when a limited surgi-
cal procedure is feasible.

In special situations, MRI may be useful for screening. For young women
with strong family histories of breast cancer, or who carry a known genetic
marker for this disease, mammography may be less useful because of their
dense breast tissue. In this situation MRI may provide information that
complements conventional screening.

As MRI technology improves and more is learned from clinical trials and
retrospective studies, the application and utility of this modality should
become clearer. It appears likely that MRI of the breast will play an increas-
ingly important role in the diagnosis and management of selected patients
with breast cancer.

Beryl McCormick, MD
Clinical Director and Attending Radiation Oncologist

Department of Radiation Oncology
Memorial Sloan-Kettering Cancer Center

New York, NY

Clifford Hudis, MD
Associate Attending and Chief Breast Cancer Medicine Service

Memorial Sloan-Kettering Cancer Center
New York, NY

Patrick I. Borgen, MD
Chief, Breast Service

Department of Surgery
Co-Director, Breast Cancer Disease Management Team

Member, Memorial Hospital for Cancer and Allied Diseases
Memorial Sloan-Kettering Cancer Center, New York

and
Associate Professor of Surgery

Cornell University Medical College
New York, NY



Preface

Breast magnetic resonance imaging (MRI) is creating a revolution in breast
diagnosis and intervention. In the last decade, breast MRI has evolved from
being an investigational technique to a clinically valuable tool for breast
cancer detection and diagnosis. Individuals who perform or refer patients
for breast imaging studies need to understand the indications for breast
MRI, how to obtain and interpret the images, outcomes of breast MRI in
specific scenarios, and how to perform biopsy of lesions detected by MRI
only. This book was created to fill that need.

This book is organized into two Parts. Part I, the text, starts with the
basics, including a historical overview, technique, how to set up a breast
MRI program, the normal breast, the axilla, the breast MRI lexicon, and
kinetic analysis. MRI features of benign lesions, ductal carcinoma in situ
(DCIS), and invasive breast cancer are discussed in detail. Uses of breast
MRI are presented, including high-risk screening, breast cancer staging,
assessment of residual disease, MRI after breast cancer treatment, evalua-
tion of silicone breast implants, and other clinical scenarios. The emerging
technology of breast MRI spectroscopy is discussed. Specific chapters
address MRI-guided interventional procedures, including step-by-step
instructions on how to perform MRI-guided needle localization and MRI-
guided vacuum-assisted biopsy, and suggestions for challenging cases. The
final chapter discusses the potential for breast MRI in percutaneous abla-
tion of breast cancer in the future.

Part II is an atlas of breast MRI. Case examples illustrate the normal
breast as well as malignant lesions (distribution of tumor, staging, metasta-
sis, invasive cancer and also have a strong family history of breast cancer
and in women who have specific histologies (e.g., invasive lobular) in the
index cancer. When breast MRI is used, it should supplement, but not
replace, mammography.

For radiologists embarking on a breast MRI program, it may be helpful
to start with women who have proven breast cancer, to look for additional
ipsilateral and contralateral disease. An essential component of any breast
MRI program is the ability to perform localization and biopsy of lesions
identified only by MRI. It is invaluable to include mammography technol-
ogists experienced at stereotactic biopsy in MRI-guided interventional pro-
cedures. Physicians who perform breast MRI should track the results at
their own institutions and share this information with their referring clini-
cians, so that patients can be appropriately counseled. A negative breast
MRI does not spare the need for biopsy of a lesion that is suspicious based
on mammography or physical examination. It should be remembered that
breast MRI is expensive, that some women (e.g., those with claustrophobia,
pacemakers, or aneurysm clips) may not be candidates for breast MRI, that
there is variability in technique, interpretation, and insurance reimburse-
ment, and that no studies have shown breast MRI to save lives.
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I
Principles and Practice



Contrast-enhanced magnetic resonance imaging (MRI) of
the breast was first performed in the late 1980s in women
with biopsy of proven carcinomas. Heywang and col-
leagues1 demonstrated that breast carcinomas showed 
significant enhancement following the administration of
contrast material. Most tumors demonstrated contrast
enhancement within the first 5 min. However, further
investigations showed that not only do malignant lesions
enhance, but benign lesions can also show a similar degree
of enhancement. Thresholds for significant enhancement
were used with normalized units of enhancement to
attempt to differentiate more reliably between the differ-
ent tissues; however, overlap existed.2 Therefore, multiple
differing attempts were made at developing more defining
characteristics to distinguish benign from malignant
processes.

1. Dynamic Approach

The earliest MRI studies of the breast were performed
with a T1-weighted spin echo sequence before and after
intravenous gadopentate dimeglumine (Gd-DTPA) with
an imaging time of at least 5min and a slice thickness of 5
mm. With the development of fast T1-weighted gradient
echo pulse sequences, imaging of the breast in thinner con-
tiguous sections along with dynamic MRI of the whole
breast became feasible. With this new technique, it became
possible to repeat the same image at short time intervals
and therefore characterize a lesion’s enhancement over a
shorter interval of time. Using these data, a signal intensity
curve can be generated and, thereby, the curve’s rate and
velocity can be analyzed.

Studies with faster imaging techniques demonstrated
that the initial phase of rapid contrast uptake during 
the first 2 to 3min contained valuable information to 
distinguish between benign and malignant tissue. Subse-
quently, a flurry of studies was performed using these new

techniques. Using a two-dimensional (2D) gradient echo
sequence, Kaiser and colleagues3 found that malignancies
showed a sudden increase in signal intensity of 100%
within the first 2min. Gradual, mild contrast uptake was
seen in benign tissue. Fibroadenomas showed intense
enhancement but at a much slower rate than carcinomas.
A series performed by Stack and coworkers4 had similar
findings, with malignant lesions showing a steep increase
during the first 60s, followed by a smaller, more gradual
increase over 4 to 8min. Benign tissue only showed a
gradual increase in signal intensity at a slower rate, while
fibroadenomas demonstrated a marked increase in signal
intensity over an 8-min period. Several different attempts
were made by other investigators by varying the imaging
parameters and changing the enhancement criteria to
improve specificity. Boetes and colleagues5 used a tur-
boFLASH subtraction technique and classified lesions as
suspicious if they enhanced within 11.5s after the aorta
opacified. Gilles and coworkers6 used a T1-weighted spin
echo sequence with subtraction imaging and obtained an
acquisition time of 47s. They classified any enhancement
concomitant with early normal vascular enhancement as a
positive finding for malignancy, obtaining a sensitivity of
95% and specificity of 53%. However, the validity of all
these criteria was questioned by later investigators, who
found even higher signal intensities in benign lesions such
as fibroadenomas.7,8 These investigators found that while
cancers tend to enhance faster than benign lesions, there
is still a clear overlap in enhancement rates of benign and
malignant lesions.

2. Time Intensity Curves

In a more recent study, Kuhl and colleagues9 analyzed not
only the enhancement pattern of a lesion in its early phase,
but also in the intermediate and late phases. By using a 2D
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dynamic technique, they qualitatively analyzed the shape
of the time-signal intensity curve of suspicious lesions over
time and described three different curves: type I (steady)
curve corresponds to a straight or slightly curved enhance-
ment pattern with the enhancement progressively in-
creasing over time; type II (plateau) curve levels off after
the initial sharp level of enhancement; and a type III
(washout) curve has a drop in signal intensity after the
initial upstroke, indicating washout of contrast. These
curves were generated on only focal mass-like lesions that
appeared morphologically suspicious and showed a signal
intensity increase of more than 60% on the first postcon-
trast images. A region of interest was placed in the area of
the most rapid and strongest enhancement and was quan-
tified by the change in signal intensity before and after the
injection of Gd-DTPA. A type I curve was rated indicative
of a benign lesion, type II was suggestive of malignancy,
and type III was indicative of a malignant lesion. Using
these curves, they achieved a sensitivity of 91% and speci-
ficity of 83%.

Although this technique appears promising, limitations
exist that must be taken into consideration. First, only
those lesions that showed suspicious enhancement or 
suspicious morphology characterized as ill-defined or
irregular contoured borders were included in the study,
thus limiting lesions such as ductal carcinoma in situ, which
may not demonstrate rapid enhancement or present as a
mass-like lesion. In addition, studies have also shown that
carcinomas can present as small focal masses with visually
well-defined margins10 or present as rim-enhancing
masses,7 lesions that would not have been included in
Kuhl’s study.

False-positive results are associated with the exclusive
use of the dynamic technique, particularly with fibroade-
nomas and lymph nodes. Although some studies have
shown less intense enhancement with fibroadenomas,3,4

other studies have shown early intense enhancement.7,11

This possible disparity between studies may be explained
by the histologic variability of fibroadenomas. In Orel’s
series, she notes she had “young” fibroadenomas that
exhibited marked, rapid enhancement. This variability 
of enhancement of fibroadenomas may be related to
degree of fibrosis of the tumor as depicted in a study 
by Brinck and coworkers12 He showed that the amount 
of fibrosis within a fibroadenoma correlates with the
degree of enhancement following intravenous Gd-DTPA.
Fibroadenomas with increased fibrosis on histopathology
have less intense enhancement following intravenous 
contrast, which may account for the variability between
studies.

Another potential false-positive result is intramammary
lymph nodes. Intramammary lymph nodes with lymphoid
hyperplasia have also proven to demonstrate rapid
enhancement following contrast administration, thus mim-
icking carcinoma. Gallardo and colleagues13 presented

three cases of enlarging breast masses seen on MRI that
showed strong and rapid uptake, raising the suspicion 
for malignancy and, therefore, biopsy was performed.
Pathology ultimately yielded a diagnosis of lymphoid
hyperplasia.

3. Morphologic Approach

The dynamic approach to differentiating benign and 
malignant lesions has not been fully corroborated by other
studies. Some investigators have found no significant 
difference in the enhancement characteristics between
benign and malignant lesions.7,8,10 In a study of 74 lesions,
Harms and colleagues11 showed significant overlap
between malignant and benign lesions such as fibroadeno-
mas, sclerosing adenosis, and proliferative fibrocystic
change, obtaining a sensitivity of 94% and specificity of
37%. In this study, Harms and colleagues suggest that ana-
lyzing a lesion’s morphologic characteristic may help to
improve the specificity of MRI. Similar to its use in mam-
mography and ultrasound, border characteristics such as
well defined or spiculated may be a useful adjunct to
enhancement features.

Subsequently, Orel and coworkers7 evaluated both the
morphologic and enhancement characteristics of suspi-
cious breast lesions. They used a fat-saturated spoiled 
gradient echo sequence to acquire high-resolution images
along with temporal information. Their data confirmed
some of the previous studies that signal intensities 
and enhancement characteristics overlapped between
benign and malignant lesions, particularly fibroadenomas.
Although carcinomas had a tendency toward more rapid
enhancement and washout, there was still a significant
overlap with enhancement patterns of fibroadenomas.
In her morphologic analysis of lesions, Orel discovered
architectural features were helpful in differentiating
between benign and malignant lesions. Carcinomas 
exhibited irregular borders and rim enhancement,
while fibroadenomas often had lobulated borders, with
nonenhancing internal septations. In a study of 192
patients, Nunes and colleagues14 exclusively analyzed
architectural features to develop a tree-shaped interpreta-
tion model to distinguish benign from malignant lesions.
Masses with irregular borders and rim enhancement 
were associated with carcinoma, while masses with 
lobulated borders and internal septations were associated
with fibroadenomas. Nonmass enhancement was also
described, which included ductal and regional enhance-
ment. Ductal enhancement correlated with ductal carci-
noma in situ, while regional enhancement was not
particularly predictive of either benign or malignant
disease.
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4. Combination of Dynamic and
Morphologic Approaches

Currently, it is realized that both dynamic and morphologic
data can be helpful in the assessment of breast MRI
lesions. In an attempt to optimally use both morphologic
and temporal features, Kinkel and colleagues15 used a
three-dimenional (3D) sagittal fat-suppressed T1-weighted
fast gradient-recalled echo sequence to obtain high spatial
resolution MRIs. Semidynamic information was acquired
by obtaining three sets of images at three time-points fol-
lowing the administration of intravenous contrast. The
signal intensity on the first postcontrast image acquired at
2min and 30 s was then compared with the second set of
images acquired at 7min and 30s. Enhancement kinetics
were analyzed visually without the use of a region of 
interest. Washout was defined as any visual decline in
signal intensity from the first set of images to the second.
Plateau enhancement was defined as stabilization in signal
intensity, and progressive enhancement was defined as an
increase in signal intensity between the two sets of 
images. The morphologic parameters included lesion type
(mass vs. nonmass), mass margin, internal enhancement,
and T1- and T2-weighted unenhanced visibility. The 
combination of evaluating the margin (smooth vs.
irregular or spiculated) and washout pattern of a lesion
resulted in a sensitivity and positive predictive value of
97% and specificity and negative predictive value of 96%.
The limitation of this study was that the lesions evaluated
were known palpable masses or suspicious findings seen
on mammography; therefore, nonmass enhancement,
which can often be seen with ductal carcinoma in situ, was
not fully evaluated.

In a more recent study by Liberman and coworkers,16

only lesions exclusively detected on MRI were analyzed by
using the three time-point technique with T1-weighted 3D
fat-suppressed fast spoiled gradient echo sequence. Mor-
phology of the lesions and visual assessment of the
enhancement kinetics were analyzed. For mass lesions,
features that correlated with carcinoma were spiculated
margin, rim enhancement, and irregular shape. For
nonmass lesions, segmental, clumped, linear, and ductal
enhancement was predictive of malignancy. The visually
assessed kinetic patterns were not significant predictors of
carcinoma, but it was noted that washout was more likely
in the presence of invasive carcinomas versus ductal carci-
noma in situ.

5. Conclusion

Two different concepts have evolved to try to improve the
specificity of MRI. One focuses on high spatial resolution
to analyze a lesion’s morphologic characteristic, and the

other focuses on temporal resolution to analyze a lesion’s
enhancement pattern. With the technology previously
available, both of these features cannot be simultaneously 
optimally analyzed.17 When a dynamic technique is used,
spatial resolution will be sacrificed, thus compromising its
sensitivity for small and multifocal breast carcinomas.
Efforts to develop a technique that combines both rapid
acquisition with preservation of high spatial resolution and
complete integration of both kinetic and morphologic fea-
tures have succeeded. Newer techniques (parallel imaging)
use multiple MRI received coil elements to encode spatial
information in addition to traditional gradient encoding.
By reducing gradient encodings, shorter scan times can be
achieved. Parallel imaging is beginning to be used in the
breast with excellent results and has allowed optimization
of both spatial and temporal resolution so that all features
of breast lesions can be optimally assessed.
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Magnetic resonance imaging (MRI) of the breast is find-
ing wider clinical application as an adjunct diagnostic 
procedure to mammography and ultrasound. Because of
its high sensitivity and effectiveness in dense breast tissue,
MRI can be a valuable addition to the diagnostic work up
of a patient with a breast abnormality or biopsy-proven
cancer. The major limitation of breast MRI is the low-to-
moderate specificity, which in combination with high 
sensitivity can lead to unnecessary biopsy, patient anxiety,
and cost. Nonetheless, there are consistent findings emerg-
ing that show contrast-enhanced MRI to be effective 
for early detection of cancer in high-risk women, and 
superior to mammography for identifying and demon-
strating the extent of diffuse and multifocal breast
cancer.1–4

There are a number of clinical indications for which
breast MRI is believed to add value to the conventional
clinical and diagnostic work up, including (1) evaluation of
patients with axillary carcinoma and negative mammo-
graphic and clinical findings, (2) evaluation of women with
questionable mammographic findings and previous breast
surgery to distinguish postsurgical scar from recurrent car-
cinoma, and (3) staging of the extent of a cancer diagnosed
by percutaneous needle biopsy. Other indications are 
less well accepted and are being evaluated largely in 
the research setting. The sensitivity of MRI to breast 
carcinoma, particularly in dense breast tissue, has led to 
the emerging role of MRI in breast cancer screening 
for women identified to be at high risk. Early results 
from a number of trials in the United States, Canada,
the Netherlands, and Europe show between 2% and 4%
cancer yield on screening MRI in the high-risk popula-
tion.5–7 Many of the cancers discovered by MRI were
occult on mammography and clinical examination. A
number of important questions remain to be answered
before MRI can be recommended for screening of high-
risk women, including the appropriate risk level at which
screening should be recommended, and the appropriate
screening interval.

The high staging accuracy of breast MRI has led to 
its use for assessing tumor response to neoadjuvant
chemotherapy. Magnetic resonance imaging can con-
tribute in several ways to the management of patients
receiving preoperative chemotherapy, including the deter-
mination of initial extent of disease for proper staging,
early identification of poor responders, and identification
of the presence and extent of residual disease for surgical
planning. Magnetic resonance imaging measurements of
tumor response may have predictive value for disease
recurrence and responsiveness to novel therapeutics.8–10

This potential is being explored in a number of clinical trial
venues.

The various clinical indications for breast MRI can place
different requirements on how the examination is per-
formed. Clearly, a bilateral examination must be used if
screening is the purpose, while unilateral imaging may be
appropriate for some diagnostic indications to maximize
spatial resolution for better morphologic assessment. In
addition to these types of considerations, the emphasis of
temporal and spatial resolution, fat suppression, and other
factors may be influenced by radiologist preference.

The major challenge for breast MRI is the need to 
improve the specificity of the technique to avoid the 
unnecessary procedures and patient anxiety that follow a
false-positive finding. This may come about through better
integrated biopsy methods, new contrast agents with
greater specificity, and/or computer-aided methods to aid
radiologic interpretation.

1. MRI Versus Mammography

Mammography has an established role in breast cancer
screening and diagnosis. Mammography is an X-ray
method that has been optimized for evaluation of breast
tissue and the detection of breast cancers, while minimiz-
ing radiation dosage. The MRI signal is based on different
physical principles than mammography and reflects the
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density of water protons in tissue and their magnetic inter-
actions with molecules in their local environment. The
MRI signal is strongly influenced by these magnetic inter-
actions, which affect how quickly the water protons can
return to equilibrium (a process characterized by the T1
and T2 relaxation times) after receiving radiofrequency
(RF) energy from an external source (the RF coil). Para-
meters of the MRI technique can be adjusted to change
the weighting of the T1 and T2 relaxation times, thus allow-
ing image contrast to be manipulated. The MRI signal can
also be sensitized to physiologic conditions, such as local
water diffusion, blood flow, blood oxygenation, and pH
levels. In the application to breast imaging, MRI is per-
formed using a T1-weighted technique that is sensitive to
the accumulation of gadolinium-based contrast agents,
which act to shorten T1 and increase signal intensity. Thus,
an early (within 2min) and significant signal increase in an
area of breast tissue indicates a greater density and/or
higher leakiness of microvessels, which can be a reflection
of tumor angiogenesis. While most breast malignancies
show such a signal enhancement, not all signal enhance-
ments represent cancer, leading to the high sensitivity, but
low-to-moderate specificity of breast MRI.

The different physical properties of mammography and
magnetic resonance imaging support their complementary
role in breast imaging (Table 2.1). With mammography, X-
rays are projected through the thickness of the breast in
two orthogonal directions (cranial-caudal and lateral-
medial oblique) to minimize the problem of overlapping
structures. Mammography is relatively quick to perform
and inexpensive. Decades of experience with large-scale
breast cancer screening programs and the more recent
federal implementation of mammographic quality stan-
dards have led to optimized performance of mammogra-
phy equipment and radiologic interpretations in
high-volume centers.

Two attractive features of MRI for application to breast
imaging are its three-dimensional format and strong soft-

tissue contrast. These features allow the anatomical struc-
ture of the breast to be viewed in great detail.The anatomic
detail alone, however, is not sufficient for making a diag-
nostic assessment. Malignant lesions are often indistin-
guishable from normal and benign structures on
T1-weighted or T2-weighted imaging. Cancer detection is
aided by the use of a contrast agent, as described earlier.
The increased density and leakiness of microvessels asso-
ciated with cancer growth can be detected by an early, sig-
nificant increase in the signal intensity after contrast is
injected.

Contrast-enhanced MRI is not, however, sensitive to
microcalcifications, which can be an early indication of
breast disease and is a frequent finding on mammography.
While calcium deposits can occasionally be seen on MRI
as tiny signal voids, breast MRI is not a reliable method
for detecting microcalcifications. Signal intensity changes
with contrast injection are an indication of an altered
microvasculature, a separate and distinct manifestation of
breast disease than microcalcifications. Conventional
mammography is not a sensitive indicator of increased
microvasculature associated with tumor neo-angiogenesis.
This again supports the complementary role of mammog-
raphy and breast MRI.

2. Technical Requirements for
Performing Breast MRI

Magnetic resonance imaging is by nature a very multi-
parametric technique involving trade-offs between image
characteristics such as contrast, signal-to-noise ratio, reso-
lution, field–of view, and scan time. Other parameters can
also be varied, including orientation (transaxial, sagittal, or
coronal), format (unilateral or bilateral), and use of fat
suppression. Each of these variables has implications for
the ability of MRI to detect and characterize small lesions
in the breast. Because of the high degree of flexibility in
choosing the imaging parameters, there is a great deal of
variation in imaging techniques described in the literature,
making it difficult to compare results and determine the
true performance of breast MRI.

Two important technical requirements for breast MRI
are the use of a dedicated breast coil and administration
of a contrast agent when looking for breast cancer. A con-
trast agent is not required to look for implant rupture 
or leakage. For implant evaluation, T2-weighted fast spin
echo techniques using inversion recovery for fat sup-
pression and chemical saturation of the water signal 
can produce images of silicone only. However, noncon-
trast methods are not effective for detecting breast 
malignancies.
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Table 2.1. Complementary Features of Mammography and MRI

Feature Mammography MRI

Signal basis X-ray Water proton NMR
Format 2D projection 3D multislice
Breast compression required Yes Noa

Contrast injection required No Yes
Examination time Short (5–10min) Long (30–45min)
Demonstrates calcifications Yes No
Effective in dense breast No Yes
tissue

a Mild compression can be used to stabilize breast.
Abbreviations: 2D, two-dimensional; 3D, three-dimensional; NMR,
nuclear magnetic resonance.



3. Imaging Coils

State-of-the-art breast coils typically consist of multicoil
arrays with a geometric design that provides a high signal-
to-noise ratio over an area covering both breasts, with
extension beyond the chest wall and into the axilla in the
majority of patients. Other considerations in the design of
breast coils include patient comfort and open access to the
breast for performing MRI-guided wire localizations and
needle biopsies. While general surface coils can produce
high-quality breast images, they are likely to suffer more
from poor homogeneity and inconsistent image quality
than a dedicated breast coil. Patient comfort is a significant
issue in the design of breast coils because of the need to
image in the prone position with the upper torso elevated.
The space constraint often results in discomfort to the
patient’s neck and shoulders.

4. Patient Preparation and positioning

As clinical usage of breast MRI increases, consistency 
of performance becomes more important. In addition 
to using a dedicated breast coil, attention to patient 
positioning can contribute to better examination per-
formance. Because of the relatively long duration that
patients are required to remain still, generally without
sedation, it is advisable to make patients as comfortable as
possible before the start of the examination. Breast MRI
examinations are performed with patients lying in the
prone position, with both breasts hanging freely in 
the bilateral openings of the breast coil support. Prone
positioning helps to minimize the effects of respiratory
motion, although the pendant shape of the breast in this
position differs from the compressed shape when the
patient is upright during mammography or the flattened
shape when the patient is supine during surgical proce-
dures. Depending on the individual, patients may find it
more comfortable to keep both arms above their head, by
their sides, or one in each position. Placement of an intra-
venous catheter for contrast agent or access to an injection
site in the arm or on the hand for manual injection may
require that at least one arm be positioned above the head.
Following adjustments of position for patient comfort, the
position of the breast should be checked again to ensure
that each breast is hanging as completely and deeply as
possible within the respective coil opening with the nipple
pointing straight down. Distortions of the breast or only
partial placement of the breast in the coil well can result
in signal hotspots, poor image quality in the regions of the
chest wall and axilla, and anatomical distortions that make
image interpretation difficult. Inconsistent positioning on
sequential examinations of the same patient can make it
difficult to compare findings.

Breast MRI that is performed to evaluate a patient for
breast cancer requires the use of a contrast agent. Non-
contrast MRI is not sensitive to the presence of breast car-
cinoma and is not considered to be diagnostic. Breast MRI
is most commonly performed using one of the gadolinium-
based low-molecular-weight MRI contrast agents that are
currently approved for human use. Gadolinium is a T1-
shortening agent and the accumulation of gadolinium in
tissue following intravenous injection reflects alterations in
vascular density or permeability that can indicate cancer.
The majority of studies reported in the literature use either
a single dose (0.1mmol/kg body weight) or double dose
(0.2mmol/kg body weight) of contrast agent. Both dose
levels have demonstrated efficacy with little strong data to
support one dose over the other. Because the cost of con-
trast agent is not insignificant, a single dose is most often
recommended. Contrast is usually administered via an
indwelling catheter as either a bolus injection or infusion.
The mode of injection has implications for pharmacoki-
netic modeling of the signal intensity changes, but either
method can be used. Consistency of the contrast injection
method is most important and use of a power injector is
recommended, when possible.

5. Image Acquisition Methods

As with all MRI applications, image quality will be affected
by the choice of acquisition parameters, including the field-
of-view and image matrix (which determine resolution),
the timing parameters, and the number of signal averages.
For dynamic contrast-enhanced techniques, relatively
short scan times are needed to sample the time course of
signal enhancement after contrast is injected. For breast
cancers the peak enhancement occurs within approxi-
mately the first 2min after bolus injection. Thus, to ade-
quately sample the washin and washout of contrast, image
acquisition needs to be repeated at 1min or shorter inter-
vals for the first several minutes when signal intensity
change is most rapid. The time course of the signal inten-
sity can be analyzed using a two-compartmental model of
the exchange of contrast agent between the intravascular
and extravascular/extracellular space. With knowledge of
the arterial input function (AIF; signal change measured
in a nearby large artery) and the initial tissue T1 value, the
two pharmacokinetic constants, the exchange constant
ktrans and the fractional blood volume fBV, can be solved.
These constants have physiologic relevance to the angio-
genic phenotype of cancer and have been shown to be pre-
dictive of tumor grade, metastatic potential, and response
to treatment.11–16 Less rigorous methods that do not
require the measurement of AIF or T1 can be made with
certain assumptions and approximations. Other methods
for analyzing the signal intensity time curves are based on
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empirical measurements of quantities such as area under
the curve (AUC), initial slope of enhancement, or signal
enhancement ratio (SER).11,17,18

While some studies suggest that very short scan times are
required (on the order of 2–10s) in order for accurate 
modeling of the pharmacokinetics of contrast uptake,19 this
recommendation does not take into account the averaging
of heterogeneous tissue that can result from the accompa-
nying reduction in spatial resolution, volume of coverage,
and/or signal-to-noise ratio.

Many advocate that rather than compromise image
quality for dynamic scanning, longer scan times be used to
improve the resolution and signal-to-noise ratio and to use
fat suppression. Scan time requirements can then be
relaxed to acquire only 1 to 2 postcontrast images, with the
first postcontrast image timed to coincide with the
expected peak of enhancement at about 2min. (This is
accomplished using a k-space trajectory for which the
lower order phase encoding lines are acquired near the 2-
min time point.) Three-dimensional, fat-suppressed, fast
gradient echo imaging is usually used in this case to acquire
high spatial resolution breast magnetic resonance images.
Assessment of the degree of enhancement and lesion mor-
phology is used to make the diagnostic interpretation.

Numerous studies have been published regarding the diag-
nostic usefulness of morphologic features, showing the
presence of rim-enhancement, spiculated margins, and
linear or ductal shapes, to be indicative of malignancy.
Other features, including smooth margins and the presence
of dark internal septations, are associated with benign
disease. The ACR BI-RADS™ reporting system for breast
MRI has recently been published and illustrates many of
the morphologic findings encountered on contrast-
enhanced breast MRI.

Figures 2.1 through 2.3 illustrate some of the tradeoffs
that accompany the choice of imaging parameters. The
bilateral axial magnetic resonance image in Figure 2.1 was
acquired as part of a screening examination and demon-
strates an enhancing mass in the left breast of a woman with
very dense breast tissue. There were no significant findings
in the right breast. In cases of diffuse or regional enhance-
ment, symmetry or asymmetry with the contralateral breast
can be helpful in deciding the significance of the finding.
Figure 2.2 shows a sagittal section through the same lesion
as in Figure 2.1, taken from a unilateral breast examination
of the same patient performed 1wk after the screening
examination. The well-circumscribed margin of the lesion
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Figure 2.1. Bilateral MRI acquired in axial orientation shows a
brightly enhancing mass corresponding to a fibroadenoma in the
left breast of a patient with very dense breast tissue. Note alias-
ing of signal from the arms and image blurring due to motion arti-
fact seen posterior to chest wall. Assignment of the phase
encoding direction to the left-right direction minimizes artifact-
related image degradation in the breast tissue. (Reproduced with
permission from American College of Radiology (ACR). ACR
BI-RADS®–Magnetic Resonance Imaging. In: ACR Breast
Imaging Reporting and Data System, Breast Imaging Atlas.
Reston, VA. American College of Radiology; 2003.)

Figure 2.2. Unilateral sagittal image through the lesion shown
in the left breast of the bilateral image in Figure 2.1. The higher
spatial resolution demonstrates the well-circumscribed nature of
the lesion and the internal dark septations that are characteristic
of fibroadenomas. (Reproduced with permission from American
College of Radiology (ACR). ACR BI-RADS®–Magnetic Res-
onance Imaging. In: ACR Breast Imaging Reporting and Data
System, Breast Imaging Atlas. Reston, VA. American College of
Radiology; 2003.)



and presence of dark internal septations are better demon-
strated on the high resolution image and are characteristic
of the confirmed diagnosis of fibroadenoma. In Figure 2.3,
pre- and postcontrast images from dynamic and high-

resolution studies in the same patient are compared. Rapid
enhancement and washout was measured in the lesion on
the dynamic series, while the spiculated margins of 
the lesion are better appreciated on the high spatial 
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Figure 2.3. Pre-(left) and post-(right) contrast images from
dynamic two-dimensional (A) and high-resolution three-
dimensional (C) examinations of the same patient using pulse
sequence parameters similar to those listed in Table 2.2.The post-
contrast dynamic image (B) corresponds to the 30-s postcontrast
time point. The enhancing mass in the lower central breast
showed rapid contrast enhancement and washout on the dynamic
series, and was found to be an invasive ductal carcinoma. The

irregular lesion shape, presence of spicules, and heterogenous
internal enhancement pattern are better appreciated on the 
high-resolution section (D). (Reproduced with permission from
American College of Radiology (ACR). ACR BI-RADS®–
Magnetic Resonance Imaging. In: ACR Breast Imaging Reporting
and Data System, Breast Imaging Atlas. Reston, VA. American
College of Radiology; 2003.)
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resolution image. Both findings are highly suggestive of
malignancy.

The relative diagnostic usefulness of the pharmacoki-
netic parameters acquired at moderate spatial resolution
versus morphologic feature assessment using volumetric
imaging and maximized spatial resolution is difficult to
establish and is still being debated. As breast MRI tech-
nology advances, these two strategies are converging.
Improved techniques that combine both kinetic and mor-
phologic information will also be aided by the availability
of longer circulating contrast agents that are under devel-
opment. Examples of pulse sequence specifications for
dynamic and high-resolution techniques are listed 
in Table 2.2. More recent advances in MRI technology
should also contribute to improved breast imaging. Paral-
lel imaging has become available on a number of com-
mercial scanners and allows the simultaneous acquisition
of two separate volumes centered on the left and right
breasts. This effectively enables bilateral, high-resolution
imaging. Novel k-space sampling strategies using spiral or
radial trajectories can also lead to gains in efficiency and
better immunity to motion. Hybrid techniques are also
being introduced that acquire interleaved k-space trajec-
tories that can be separately reconstructed to produce high
temporal resolution/low spatial resolution images for
dynamic analysis, or can be combined and reconstructed to
produce low temporal resolution/high spatial resolution
images.20 Thus, the same data set can be used optimally for
both kinetic and morphologic analysis.

6. Fat Suppression

Active fat suppression can improve the detectability of
small enhancing lesions, but generally adds to the total

scan time. Fat suppression is generally performed by taking
advantage of the spectral separation between the fat and
water resonances. With chemical saturation techniques, a
spectrally selective RF pulse is used to suppress the fat
peak prior to issuing the normal excitation RF pulse. Fat
therefore does not contribute to the subsequent signal
measurement.The fat suppression pulse effectively length-
ens the TR, and thus the total scan time. Conversely, water-
only excitation pulses can be used, such as is used in the
RODEO technique.21 Other methods, such as periodic
inversion pulses, are used to achieve fat suppression with
reduced time penalty. Because the spectral separation
between fat and water increases with field strength, spec-
tral saturation fat-suppression techniques work more
effectively at higher field strengths. In general, these tech-
niques require field strengths of 1 Tesla or higher.

Image subtraction can be used to achieve the effect of
fat suppression, but caution should be used in interpreting
subtracted images. Subtracted images should be inter-
preted in conjunction with original unsubtracted images.
Image subtraction removes all nonenhancing tissue and,
thus, normal and nonenhancing tissue structures are no
longer apparent in the subtracted image. For example,
enhancement surrounding a biopsy cavity might appear 
as a rim-like enhancement with a centrally non-
enhancing center. Image subtraction cannot be used if 
significant patient movement occurs between pre- and
postcontrast images. Slight patient motion may not be
easily detected, but can result in bright and dark edges that
correspond to the misregistration between pre- and post-
contrast images. Care should be taken to assure that small
bright structures are not the result of slight misregistration.

7. Image Postprocessing

One breast MRI examination can generate hundreds of
images. A complete diagnostic review has to consider both
the spatial relationship of features on multiple slices as
well as how those features change over time with the
passage of contrast. Postprocessing is used to reduce the
number of images for review. Subtraction is one level of
postprocessing that can be used to highlight the enhancing
features in the image. As mentioned earlier, sub-
traction is commonly used as a passive method of fat 
suppression. Another useful postprocessing tool is the
maximum intensity projection (MIP), a ray tracing method
that projects the brightest pixel value along each parallel
ray projected through the volume of data, onto a two-
dimensional surface. Maximum intensity projection images
can be created from multiple angles and displayed sequen-
tially in a cine loop to give a three-dimensional represen-
tation of the image volume. The MIP is most often used
with magnetic resonance angiography to create projection
images of vascular structures such as the carotid arteries.
However, the MIP is also effective for contrast-enhanced,
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Table 2.2. Example Pulse Sequences for Dynamic and High-
Resolution Breast MRI

Dynamic High Resolution

Acquisition type 2D 3D
Pulse sequence type Spin echo Gradient echo
TR �100ms �20ms
TE 4.5ms 4.5ms
Flip angle 90° �45°
Field of view

Unilateral 16–22cm 16–22cm
Bilateral 32–40cm 32–40cm

Matrix size 128 ¥ 128 256 ¥ 192
Slice thickness 3–5mm 1–2mm
Number of slices 5–10 32–128
Fat suppression Subtraction Chemical saturation or

selective water excitation
Scan time �1min 2–4min

General guidelines for all examinations: use breast RF coil, avoid ante-
rior/posterior phase direction, avoid strong compression.
Abbreviations: 2D, two-dimensional; 3D, three-dimensional; TE, echo
time; TR, repetition time.



fat-suppressed images of the breast because the brightest
structures are likely to be vessels and enhancing tissue.The
contrast on MIP images can be enhanced if image sub-
traction is performed prior to creating the MIP image.
Maximum intensity projection images are very effective
for demonstrating the distribution of disease in the breast
in relation to the skin, nipple, chest wall, and large vessels.
The MIP is not reliable for evaluating the internal pattern
of lesions or possible extension of disease to the chest wall

or skin. These assessments should be made from the indi-
vidual slice images. There are numerous commercial soft-
ware packages available for visualization and display of
medical images and most offer capabilities to perform
volume rendering, cut-away views, and color-coded dis-
plays, in addition to MIP rendering.

Quantitative information can be extracted from MRIs
by making measurements in user-defined regions of inter-
est (ROIs), or by creating parametric maps in which an
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Figure 2.4. A postcontrast sagittal image (A) demonstrates a multi-
lobulated invasive ductal carcinoma in the lower posterior region of
the breast.The corresponding color-coded parametric map (B) shows
areas of the tumor with low, moderate, and high values of the signal
enhancement ratio, SER. SER is computed from precontrast S0, early
postcontrast S1, and late postcontrast S2 images as SER = (S1 - S0)/(S2

- S0).While most of the main tumor mass shows mostly low and mod-
erate values of SER, corresponding to gradual or persistent enhance-
ment, the small anterior lobule shows a high SER value centrally,
corresponding to high initial signal enhancement followed by
washout. (C) The MIP image shown is effective for demonstrating
the multifocal distribution of disease. The lesion appears to be abut-
ting the chest wall on the MIP image; however, inspection of the slice
image reveals that the lesion and chest wall are separated by a layer
of fatty tissue.
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image is created from the calculated value of the parame-
ter of interest at every pixel. For example, values of ktrans,
derived from the signal intensities over a time series of
images collected before and after contrast injection can be
mapped to a color scale with blue denoting low values of
ktrans and higher values moving increasingly toward red.

Figure 2.4(A) shows one section through a lobulated
mass in the lower, posterior region of the breast, corre-
sponding to an invasive ductal carcinoma. The corre-
sponding parametric map in Figure 2.4(B) shows low (dark
gray), moderate (medium gray), and high (white) values of
the signal enhancement ratio (SER) parameter. Signal
enhancement ratio is computed from precontrast S0, early
postcontrast S1, and late postcontrast S2 images as SER =
(S1 - S0)/(S2 - S0). The heterogeneous pattern of enhance-
ment can be appreciated from the SER map. Figure 2.4(C)
is the MIP image created in the lateral-medial direction
from the full set of 60 sagittal slices acquired immediately
following contrast injection. The MIP is effective for
demonstrating the size, shape, and location of the mass, as
well as the multifocal disease distributed in other regions
of the breast. What is not appreciated on the MIP is the
heterogenous interior of the lesion and the separation
between the mass and chest wall. Both are better illus-
trated on the individual slice image of Figure 2.4(A).

Ultimately, the standard breast MRI examination will
likely include both an optimized data acquisition and inte-
grated postprocessing. Computer-aided tools for diagnosis
may also contribute to improved performance of breast
MRI. Such systems are currently under development and
incorporate image registration, parametric analysis, and
diagnostic thresholds for detecting and characterizing
malignancies. Improvements in performance may also be
gained by contrast agents that are longer circulating or
specifically targeted to cancer cells.
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Breast magnetic resonance imaging (MRI) programs 
can be set up and structured in a variety of ways. Much
depends on the local environment, which not only includes
the patient population and referral patterns, but also the
equipment available and demands made on the MRI unit.
Nonetheless, there are some commonalities that are found
in most programs. The role of the interpreting radiologist
is crucial in creating a successful program as this person
acts as the pivot. Incorporation of breast MRI into daily
workflow can prove challenging as many logistical prob-
lems may arise. It can be helpful to be aware of potential
problems and issues in advance. These are discussed in this
chapter.

1. Patient Issues

Breast MRI patients have issues that are fairly unique and
not found in other patients undergoing MRI. When a
women finds herself in the MRI suite for an examination
of her breasts it is usually because she has a known cancer,
has a very high risk for cancer, or has a problem on her
mammogram for which she needs further testing. As a
result, these patients are anxious and tense. There are
several aspects to scheduling and performing the MRI
examination that can alleviate this anxiety.

Flexibility in scheduling MRI examinations can go a
long way in decreasing anxiety on the part of the patient.
The longer the patient has to wait to schedule an MRI
examination, the more anxious she will get, especially if she
has a known cancer or a problem on the mammogram. If
your program has a dedicated breast MRI machine this
likely will not be a problem. As we share our equipment
with other types of cases, we have found it helpful to des-
ignate daily preoperative breast MRI slots to accommo-
date breast MRI patients. This approach has allowed us to
image patients quickly so that weeks do not elapse before
the patient has the examination. A perception that breast
disease is important and that breast problems pose unique

issues can be an important factor in providing quick access
to imaging.

Information about the MRI procedure can also help
decrease anxiety. Some centers provide patients with fact
cards about what to expect before, during, and after the
procedure (Table 3.1). Designating a person, such as a
nurse or assistant, to inform and counsel patients can be
invaluable, if there are resources for such a person. If there
are no resources for such a person, this job may fall to the
radiologist or referring physician. Counseling can be par-
ticularly helpful when women are undergoing MRI exam-
ination for the first time. Ensuring that there are no
absolute contraindications for MRI, such as pacemaker,
tissue expander, cochlear implant, and so forth, before the
patient arrives in the MRI suite is helpful. Also, explaining
in advance the necessity of injecting contrast avoids expla-
nations at the time of the examination, as well as unearths
any prior history of reaction to contrast.

Before the patient undergoes the MRI examination, the
patient and the referring physician should possess a clear
understanding of potential outcomes. Recognition of the
possibility of follow-up MRI and possible biopsy due to
findings on the MRI is essential and, it is hoped, avoids
drastic clinical decisions such as surgery based on MRI
findings alone. Often the patient is sent for MRI examina-
tion without the understanding that it is a complementary
test that may generate additional testing with ultrasonog-
raphy or mammography. It is hoped that educating refer-
ring physicians and patients alike will correct these
misperceptions.

As MRI is an adjunctive test that should complement
mammography and is only used in specific clinical situa-
tions, patient self-referral for breast MRI should be 
discouraged. Physician referral can also sometimes be
problematic, particularly at the start. It may be helpful 
initially to designate a single radiologist to screen and 
protocol all referred breast MRI cases to ensure that 
the appropriate patients are being scanned. This would
include requests from clinicians who may not initially
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understand the importance of careful patient selection.
We found it helpful not only to approve all initial cases 
but also followed up with periodic reminders in the form
of a memo to referring physicians about appropriate 
indications.

2. Personnel Issues

Targeting an MRI technologist who can ensure standard-
ization and quality of the breast MRI examination can be
extremely useful. This person should also have interper-
sonal skills that can decrease the anxiety of the breast MRI
patient. The quality of the examination is dependent on
patient cooperation so a technologist who can reassure the
patient is crucial. Patient movement can render the exam-
ination uninterpretable. Additionally, if fat suppression is
used, a technologist who knows how to troubleshoot prob-
lems can decrease the number of call-backs and repeats
that may need to be performed.

It is absolutely essential that the technologist position
the breast in the breast coil. It cannot be emphasized
enough that the patient is unable to position herself cor-

rectly. The technologist must ensure that the breast has
been centered in the coil so that artifact is reduced and that
the breast is pulled away from the chest wall as much as
possible so that the maximum amount of breast tissue is
contained within the coil. If the technologist is a man, it
may be helpful to have a woman in the department
perform this task.

Expert technical support is especially helpful for inter-
ventional procedures. For example, during interventional
procedures we have found it useful to not only have the
MRI technologist for scanning but also have a mammog-
raphy technologist for positioning, set up, and disposal of
materials. If breasts are able to be positioned adequately
in the coils, and support personnel are on hand to 
help with the procedure, simultaneous interventional 
procedures such as localization or biopsy may be more
easily performed.

3. Breast MRI Protocols

Breast MRI is best used for patients with known cancer or
those at high risk for developing cancer, therefore not all
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Table 3.1. Patient Fact Card

Breast MRI

INTRODUCTION
MRI, magnetic resonance imaging, is a diagnostic procedure to view areas of the body without using X-rays. Magnetic fields and radiowaves are
used to detect the size and location of tumors using a large, donut-shaped magnet. Breast MRI is used after a mammogram if more detail is neces-
sary because the doctor suspects there may be disease that the mammogram cannot detect. You cannot have a breast MRI if you have a breast
tissue expander or cardiac pacemaker.

PREPARATION
• If you have a condition that makes it difficult for you to lie still in an enclosed area (claustrophobia), or if lying on your stomach with your arms

stretched out above your head for 30 to 60 minutes without moving is difficult, tell your doctor before the breast MRI so that medication can be
prescribed to help ease any discomfort you may have.

• No other preparation is required. You may take your medication(s) as usual.

TIME
The examination takes up to 40 minutes for both breasts.

PROCEDURE
• You will need to take off your jewelry, bra, and any other clothing items that contain metal, such as zippers or metal buttons.
• You will be able to store your belongings in a locker provided for you.
• Do not take any watches or any card with a magnetic strip (such as a credit card) into the MRI machine, as they may not work once exposed to

the magnetic field.
• Before your breast MRI, the procedure will be explained to you, and any questions you have will be answered.
• An intravenous line (IV) will be placed in a vein to give you an injection of a contrast medium called gadolinium-DTPA. The contrast makes it

possible to see any abnormality in the breast. The IV will be removed at the end of your procedure.
• You will be asked to lie on your stomach on the MRI table. Once you are positioned, it is extremely important that you do not move during the

examination. Your breast will be placed into two holes in the table and will be immobilized by compression paddles.
• You may request earphones so that you can listen to music or earplugs to make you more comfortable and to reduce the clicking sound you will

hear from the MRI machine.
• You will be able to talk with the MRI technologist at any time during the examination. If you become very uncomfortable in the MRI machine,

tell the technologist.

AFTER THE PROCEDURE
• The site where the contrast medium was injected will be covered with an adhesive bandage (Band Aid®).
• A report of the scan will be sent to your doctor within a few days after your test.

Copyright 1999 Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, New York, NY 10021. Revised 2001.



patients are candidates. Having a clear list of indications
goes a long way in the education of referring clinicians. It
may be helpful to have a point radiologist who approves
all initial examinations until referring clinicians develop a
sense of appropriate cases to refer to breast MRI. At the
beginning it may be useful to scan patients with known
cancers to develop a sense of confidence and build a
knowledge base.Also, these patients are likely going to the
operating room regardless and any additional information
that the MRI examination provides will likely only help
them.

To maximize the breast MRI examination using the
chosen sequence on your scanner, there will be some 
necessary training of the technologists and experimenting
with the sequence. This is to be expected when starting a
new service and may need to be factored into the sched-
ule. Until the process becomes streamlined and second
nature to the technologists, monitoring the examinations
will most likely be needed. A certain critical caseload may
need to be in place until confidence in the reproducibility
of the examination is ensured.

Depending on how you choose to perform breast MRI
examinations, availability of the radiologist may be an
issue. If you choose to perform problem-solving detailed
studies in which the protocol may vary depending on the
clinical problem, then this will require the radiologist’s
time. Much of what you choose to do will depend on
patient volume and availability of a radiologist.

In our practice, a busy clinical service, streamlining the
examination for rapidity and reproducibility without con-
stant monitoring was paramount.

We have found protocols that are fixed and streamlined
increase throughput. All of our nonresearch examinations,
regardless of the clinical indication, are performed with the
same protocol. It is now rare that a radiologist needs to
monitor an examination as we try to ensure all necessary
information is obtained on every patient via close com-
munication beforehand with the referring clinicians and
the MRI technologists.

We have found it helpful to review and protocol each
case in advance. This way, we can be sure that the patient
has had the appropriate work up to date and that all 
necessary information is available for the time of inter-
pretation. It can also clarify protocols for implant patients,
who might be undergoing both a rupture evaluation and
an assessment of the breast parenchyma with intravenous
contrast. In these cases, the patient and referring physician
need to know that these are two separate examinations 
with differing imaging protocols.

4. Scheduling Considerations

When performing MRI for breast cancer evaluation, a shift
in the traditional MRI schedule may be needed. This can

help develop continuous referral from surgical and onco-
logical colleagues. In addition to building in flexibility for
preoperative cases, flexibility in scheduling other patients
can be important. Evaluation of breast lesions has tradi-
tionally moved faster than in other areas of medicine.
Breast centers are set up for same-day service. Asking a
patient to wait 2 weeks for an MRI appointment may be
perceived as a long delay even though it may be reason-
able in other circumstances.

When deciding how to allot your time on the scanner, it
may be helpful to batch the breast MRI cases, particularly
if you examine women at high risk and have a dedicated
screening program. We have found this extremely helpful
to have the nonemergent cases come for scanning on the
weekend. They are comforted seeing other women under-
going the same examination and are usually not sharing the
waiting room with acutely ill hospital patients.Additionally,
the MRI technologist can develop a rhythm and increase
throughput of patients, making the examination more effi-
cient.The breast coil can be maintained on the table and the
infusion pump can be easily refilled.

5. Patient Preparation

Similarly, obtaining detailed clinical information from
referring colleagues can make a difference in the inter-
pretation of the breast MRI examination. When the radi-
ologist protocols the examination in advance, additional
information can be obtained. Also, when the patient
arrives in the MRI suite, the patient and nurse fill out a
questionnaire together (Table 3.2). This ensures capture 
of important information, such as prior surgical history of
the breasts, any pertinent family history, and menstrual
history.

It is helpful to record the patient’s last menstrual period
and if the patient takes hormone replacement therapy. We
generally do not schedule patients based on their men-
strual history if there is an acute problem or if the patient
is presurgical. However, if the patient does not have a
pressing need, such as our high-risk screening patients, we
will make all efforts to schedule in the second week of the
menstrual cycle. We have found that educating referring
physicians about the menstrual changes that can be seen
on MRI has been helpful in eliminating the problem of
having to repeat an examination due to menstrual changes.
In order to educate the referring physician, our schedulers
initially ask the referring physician’s office if the patient
was premenopausal or postmenopausal and if premeno-
pausal, if she would be in the second week of her cycle. If
the schedulers are unable to perform the task, the point
radiologist who approves all initial breast MRI examina-
tions can easily inquire about menstrual history.

Scars from prior benign breast biopsies and prior 
breast conservation, as well as palpable abnormalities, are
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marked with a cutaneous marker such as a fish oil capsule
or specialized MRI skin marker. Again, we do not impose
any strict criteria about performing the breast MRI exam-
ination in relation to surgery. If the patient is undergoing
MRI to assess for residual cancer following recent lumpec-
tomy, we try to have the patient images as soon as she is
able to lay prone. If the patient is undergoing assessment
for recurrent disease, which is usually not an issue in the
first 2 years following surgery, we image regardless of the
length of time from the surgery, as long as there is strong
clinical suspicion.

The nurse generally performs the intake questionnaire,
the marking of any abnormalities, and the insertion of the
intravenous cannulation in a private room in the MRI
suite. If this is unavailable, then privacy with curtains may
be sufficient. The dignity of the patient in the MRI suite
should be considered whenever possible. For example,
when positioning the patient in the breast coil, closing the
door to the magnet may be important if there is a lot of
traffic in the MRI suite. Also, our male technologists have
found it helpful to hold a sheet so that their view is

obscured; this also creates a boundary between the patient
and the shaded console window, allowing a sense of
privacy. Screens and shades over windows to the console
room are another consideration.After the patient is prone,
then the technologist can perform the final positioning of
the breasts within the coil.

Positioning the breast can be fairly easily performed
with an open coil. Closed coils make adequate positioning
difficult as one relies mostly on the patient to position her
breasts. With an open coil the radiologist or technologist
can pull the breast down into the coil, making sure the
breast is centrally located to decrease coil artifacts and
ensure uniform coverage. Redundant tissue can be 
eliminated.

Unfortunately, at the time of this writing, breast coils do
not come in different sizes. Breasts are not uniform and
therefore there are occasions in which the coil may be too
small. With an open coil, usually a large breast can be
accommodated. With a closed coil and no space for the
breast to expand into, significant portions of a breast that
exceeds the cup of the coil may be excluded and not
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Table 3.2. Patient Questionnaire

Patient name
Medical record number
Age
Referring physician
Date of examination
1. Do you have any breast symptoms? Discharge, lump, pain? Y N
2. Does any relative have a history of breast cancer? Age?_____ Y N

___mother ___sister ___grandmother ___other
3. Are you still menstruating? Y N

If yes, date of last menstrual period_________
If no, year of last menstrual period_________

4. Do you use estrogen replacement therapy? Y N
If yes, for how long?________

5. Could you be pregnant? Y N
6. Have you had prior breast surgery? Y N

If yes, what type?
___benign biopsy __Right __Left
___lumpectomy __Right __Left
___mastectomy __Right __Left

7. Have you had radiation therapy to the breast? Y N
If yes, what side? __Right __Left
What year? __________________

8. When was your last mammogram? Date________
9. Diagram scars or physical findings:

12:00

6:00

Right

12:00

6:00

Left



imaged, particularly posteriorly and laterally. When com-
municating with the referring physician in these cases, the
limitations of the examination should be emphasized and
alternative modalities may be suggested. Overall size limits
for patients vary with each manufacturer. It is fairly safe
to say that most systems are able to image patients who
weigh up to 350 pounds. Usually the limiting factor for
most large patients is the size of the bore of the magnet
and not the breast coil.

Breast immobilization is an option on some coils. The
goal is to not compress the breasts but to gently keep them
in place so that patient movement is minimized. When
placing the plates a few minutes may be needed to ensure
that breast tissue is not displaced posteriorly and therefore
excluded from the coil when the plates are affixed. These
same plates and grids on some systems can be used for
interventional procedures. Positioning is crucial so that the
lesion is included in the area that can be accessed by a
needle. Mammography technologists are expert at posi-
tioning and may be helpful in some cases.

Comfort of the patient is paramount. Having wedges and
pillows at the disposal of the person positioning the patient
will relax the patient more and ensure a better quality
examination. It is better to spend a few extra minutes at the
beginning of the examination to be sure that the patient is
comfortable than have to repeat the entire examination. In
our experience, positioning the arms (by the body or above
the head) depends on the comfort of the patient. Clear
communication with the patient about the length of the
examination and the noises that they will experience will
also help. Ear plugs or ear phones for music can decrease
the amount of noise while in the magnet. We have found it
useful to reassure patients that they are in constant com-
munication with the technologist at all times, alleviating
anxiety.

More information provided to the patient only eases the
fears about the examination, especially if it is the first time
for the patient in the MRI setting. A fact card may prove
beneficial and availability of a nurse to answer questions
may ally fears. Patient claustrophobia and anxiety can be
helped in some cases by medication such as diazepam
(Valium®) or alprazolam (Xanax®). We routinely do not
give this medication for routine examinations. Medication
may be given to patients undergoing magnetic resonance
vacuum biopsy and only if the patient is accompanied
home.

6. Examination Interpretation

When the breast MRI examination is interpreted, every
effort should be made to have the patient’s mammograms
and ultrasound examinations available. If these are per-
formed elsewhere, it may be helpful to develop a mecha-
nism for submission of these examinations before

interpretation. Prior mammograms can be invaluable to
document the presence of a lymph node or a stable benign
breast mass. If the breast MRI is done for a suspected
mammographic problem, the mammogram needs to be
correlated with the MRI examination so that an overall
recommendation can be issued. Being able to correlate an
MRI finding to a mammographic finding may be extremely
useful as well as obviate the need for an MRI interven-
tional procedure.

Choices regarding hard copy versus soft copy interpre-
tation depend on available technology. The major benefit
of reading soft copy is the sheer lack of numerous sheets
of films that can be time consuming to collate, especially if
rapid dynamic sequences are obtained. In cases where
there are multiple passes, some radiologists will not film
every series but will examine the images on a workstation.
Picture archival communication systems (PACS) have
made the interpretation process much quicker and stream-
lined. Similarly, improvements in software packages have
allowed manipulation of data to be much easier, especially
for three-dimensional (3D)volume data sets.

Appropriate window levels can be more easily manipu-
lated with PACS or workstations so that the internal char-
acteristics and borders of a lesion may be better displayed.
Additionally, manipulation of the brightness and contrast
can be important to general interpretation so that lesions
are not overlooked or overcalled. Parametric image analy-
sis with color-coding can be helpful in this regard and can
act as an overlay to aid in interpretation. Depending on
manufacturer, this may or may not be available. If your
system does not have this feature, there are companies who
offer systems that perform this type of analysis.

7. Kinetic Analysis

The ease of performing kinetic analysis on images varies
with manufacturer, and choices about how to capture this
information vary based on time constraints and available
hardware. Some radiologists interpret breast MRI at the
workstation and manually perform the kinetic analysis on
all cases. Others may designate a technologist to place the
region of interest over suspicious areas of abnormality and
to generate graphs. Others may not perform quantitative
kinetics, but rather perform visual kinetics, ensuring uni-
formity in the window setting.

Kinetic analysis is done on a case-by-case basis in our
practice. We will visually assess kinetics initially and then
analyze any suspicious areas with a computer aided detec-
tion system that produces a color coded map for angio-
genesis and curve analysis.

A mechanism to perform time intensity curves (TIC)
should be in place in advance. Once again, the choices will
depend on the technology available.There are now several
software packages available that can perform this function.
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8. Communication of Results

Communication with the referring physician about the
final recommendation is necessary in breast MRI studies
just as it is in mammographic interpretation. At this time
there are no requirements by any governmental agency
that a patient be informed of her results before she leaves
the facility, as there is with mammography. Due to the
postprocessing constraints with MRI, it is likely that this
will not be an issue in the future. Sometimes patients
request their results immediately when they finish the MRI
examination. In our practice telling the patient her results
is not done for multiple reasons.We do not have the luxury
of having a breast radiologist in the MRI suite at the time
that the patient is being scanned. Moreover, it is to the
patient’s benefit that the scan is read with all postprocess-
ing finished as well as with all pertinent prior examinations
(such as the mammogram) available, when the radiologist
is not rushed to render an interpretation. Because the
examinations are usually complicated, radiologists who
may be in the MRI suite but not familiar with the case
usually do not get involved in the interpretation. Much of
how you decide to handle interpretations will depend on
the existing practices with referring physicians as well as
radiologist availability.

We read all the breast MRI examinations in a batch on
the next day, usually in the morning. We have one radiol-
ogist every day assigned to interpret the examinations.
That radiologist communicates the results directly to the
referring physician by telephone or e-mail and the refer-
ring physician then communicates the results to the
patient. At first, every result was called into the referring
physician, however, as we have become busier, only BI-
RADS (Breast Imaging Reporting and Data System)1 3, 4,
or 5 results are communicated to the referring physician.

9. Interventional Issues

Breast intervention under MRI is an essential part of any
breast MRI program. Choices in coils will depend on the
system that is used. Regardless, the coil should allow both
localization and biopsy capabilities. Ideally, the breast
should be able to be approached from at least two direc-
tions, usually laterally and medially. Magnetic-resonance–
compatible needles for both localization and biopsy are
now universally available. Choices in biopsy include true
cut versus vacuum, as outlined in Chapter 20.

Before embarking on an interventional program it may
be useful to determine the number of technologists that
will be needed and if these personnel are available. The
MRI technologist and mammography technologist each
have separate areas of expertise and training and comple-
ment each other well. We tend to perform interventional
procedures with both technologists. The mammography

technologist helps position and is in charge of tray prepa-
ration and specimen handling. The mammography tech-
nologist ensures continuity for the patient as she will be
with the patient during the entire procedure and will
perform the postintervention mammogram afterward. The
MRI technologist ensures quick image acquisition and 
set up. MRI technologists may have no experience with
intervention, and additional training may be necessary.
Advance tray preparation can facilitate and speed up pro-
cedures. We have an MRI-compatible cart that is magnet
compatible and has a sterile field prepared on the top and
all necessary supplies underneath so that replacement of
needles or any supplies is not a problem. The mammogra-
phy technologist is responsible for cleaning the equipment
while the MRI technologist sets up for the next patient.

10. Data Gathering

Although there are no absolute requirements at this time
for data analysis and limited experience knowing ap-
propriate values for MRI recommendations, it can be
extremely helpful for individual practices and individual
radiologists to monitor their recommendations for biopsy
and 6-month follow up. Although positive biopsy rates
vary throughout the world, ranging from 25% to 80%, and
depend on a variety of factors, it may be helpful to know
where a practice falls in this spectrum. It goes without
saying that the radiologist who performs any interven-
tional procedure must correlate the pathologic findings
with the MRI findings to ensure that the appropriate area
has been removed and that the pathology findings make
sense.

11. Practice Growth Issues

Incorporating breast MRI into a radiology practice can be
challenging, especially when cases are sporadic. Adequate
time for interpretation and correlation with all imaging
studies should be factored into the daily schedule. Many
practices have appointed a single radiologist to assume the
responsibility of the breast MRI program. This works well
when the cases are few, however, when the volume
increases, more interpreting radiologists will need to be
recruited. Most practices find it useful to give the job to a
breast imager who is comfortable or interested in MRI.
Breast imagers have several advantages; for example their
preexisting relationship to surgeons and oncologists which
can be helpful as breast MRI usually requires coordinated
care as breast MRI is not a stand alone test. Correlation
with mammography and follow-up ultrasound is often
needed and a radiologist who is familiar with these modal-
ities will provide the best comprehensive care. Addition-
ally, the disease process is the same, which helps with
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concordance and discordance issues when breast biopsies
are performed. Finally, MRI interventional procedures
such as localizations and biopsies are similar to mammog-
raphy procedures.

Additionally, time in the schedule for interventional pro-
cedures will be necessary. When starting out, we would
perform needle localizations early in the morning before
the schedule started for the day. However, once these pro-
cedures became daily events and once breast MRI biop-
sies were routinely performed, we designated two daily
interventional slots in the middle of the work day. How the
schedule works for intervention depends on the operat-
ing room schedule as well as the radiologist’s additional
responsibilities. An increase in breast MRI volume may
lead to a need to increase in staff, both technical and pro-
fessional, or a shift in responsibilities to accommodate the
additional time needed to interpret the examinations.

12. Coil Issues

When selecting a breast coil several options are available.
An open coil is preferable for facilitation of positioning of
the breast. Additionally, a coil that allows feet first is
preferable for patients who may be claustrophobic as the
head is partially out of the magnet. A coil with immobi-
lization and biopsy capability is essential as intervention is
a part of any breast MRI program.The coil should produce
homogeneous images and penetrate to the chest wall to
ensure adequate visualization of all breast tissue. We cur-
rently use an 8-channel MRI Devices (Waukesha, Wis.)
immobilization/biopsy coil/system.

13. Selecting the Sequence

When performing imaging for breast cancer the same prin-
ciples that apply to mammography apply to MRI. The aim
is to detect small lesions to facilitate early breast cancer
detection. Depending on how MRI is performed the 
resolution will vary. In general, MRI does not ap-
proach the level of resolution that is obtained with mam-
mography. With increase in field strength, resolution may
increase; however, at the time of this writing high field
magnets (3 Tesla and more) are not universally available.
When performing breast MRI there are two ways to
analyze the images: assessment of morphology and assess-
ment of kinetics. As both contain valuable information it
is hoped that the sequence selected can evaluate both.

Historically, it was necessary to choose between per-
forming high spatial resolution imaging to assess mor-
phology or high temporal resolution imaging to assess
function. Luckily, with advances in equipment and soft-
ware, there is no need for significant compromise. High
spatial resolution sequences, such as 3D spoiled gradient

echo recalled imaging, increase sensitivity, particularly
with regard to small invasive cancers and ductal carcinoma
in situ (DCIS).The 3D sequence is able to image the entire
breast, perform fat suppression, and can be performed
rapidly to give dynamic information. However, if there is
a need for extremely high temporal resolutionimaging,
two-dimensional (2D) spin echo sequences are faster
though coverage may be limited, spatial resolution is
reduced, and fat suppression is not an option.

Newer imaging options are becoming available for the
breast that incorporate parallel imaging, making it possi-
ble to image the breasts simultaneously so that temporal
and spatial resolution is maximized. With parallel imaging
the number of phase encoding steps can be reduced by
exploiting spatial information from an array of surface
coils. The gain can be traded for improved spatial and/or
temporal resolution in any pulse sequence.

14. Memorial Sloan-Kettering Cancer
Center Sequence

The patient population of a particular institution most
likely will drive the protocol that is employed. If there is a
large cancer population, high-resolution techniques tend
to be favored as the goal is detection of small lesions. For
this reason, at our institution, which is a cancer center, we
chose to focus more on high-resolution techniques. We are
interested not only in detecting invasive carcinomas but
also small foci of DCIS. If there is a low incidence of cancer
in a population, lesion characterization becomes more
important and low spatial resolution and high temporal
resolution tended to be favored. Low-resolution tech-
niques also tend toward bilateral imaging, although 
currently it is possible to image bilaterally with 
high-resolution techniques due to the improvement in 
software and hardware.

Early on in our imaging experience, we experi-
enced significant misregistration from patient movement
when solely relying on the subtraction images. There-
fore, we elected to perform fat suppression and to use
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Table 3.3. Memorial Sloan-Kettering Cancer Center Protocol
Toggle Method

T2-weighted sagittal fat suppressed
T1-weighted sagittal non–fat-suppressed 3D FSPGR
T1-weighted fat suppressed sagittal 3D FSPGR before and following

contrast alternating imaging of each breast (total 3 post contrast
acquisitions per breast)

TR 17.1, TE 2.4 (in-phase), a = 35°, BW 31.25
256 ¥ 192, 1 NEX, time = 2min, freq AP
2-mm slice thickness, no gap
Subtraction
Maximum intensity projection



immobilization plates. We still incorporate subtraction
imaging into the protocol to evaluate high signal lesions on
T1 that may or may not enhance.T2-weighted imaging was
chosen to evaluate cysts, lymph nodes, and myxomatous
fibroadenomata, all which can be high in signal on T2.
Non–fat-suppressed T1-weighted imaging is performed to
confirm fat within the presence of the lymph node hilum
or within an area of fat necrosis. Three-dimensional fast
spoiled gradient echo sequence (FSPGR) sagittal fat sup-
pressed T1-weighted imaging is then performed on the
entire breast before and following the administration of
gadolinium-DTPA (0.1mmol/kg). The contrast agent is
bloused through an 18- or 22-gauge needle by hand fol-
lowed by a saline flush. The nurse administers the contrast,
explaining to the patient what she can expect to feel.Three
postcontrast images are obtained.

Also, it was and still is important to us to perform bilat-
eral imaging as many disease processes of the breast,
including cancer, are bilateral. As with mammography,
evaluation of symmetry is beneficial as well. Therefore we
performed a bilateral examination using a toggle method
(Table 3.3) in which we would examine the breast of inter-
est first, then the contralateral breast for a total of six post-
contrast acquisitions (three for for each breast). On several
of our magnets this is still the method we use. However,
on our newest magnet that supports parallel imaging we
perform bilateral simultaneous acquisition with high tem-
poral and spatial resolution. In the future as magnets are
upgraded or replaced we plan to use parallel imaging for
all our breast MRI cases.

Imaging plane is a matter of preference and often has to
do more with the scanner and the preloaded options for
imaging. Elimination of cardiac motion also often drives
the choice. Sagittal and axial planes have the advantage of
corresponding to the mammogram so that direct correla-
tion is possible. Additionally, scanning either in the sagit-
tal or axial planes allows demonstration of ductal
pathology, which can be truncated if a coronal plane is
used. Linear and segmental abnormalities are much more
difficult to appreciate in the coronal plane. Coronal plane
imaging may also sacrifice the extreme posterior breast
tissue, especially the axillary tail.

The 3D volume set of data allows reconstruction in 
any scan plane so that if an axial scan plane is initially

employed, a coronal rendition is also possible. This can be
particularly helpful if a questionable lesion is seen in one
dimension and further characterization is required. Ques-
tionable vessels become immediately apparent on recon-
struction, as are mass lesions. As additional projections 
can be very helpful in characterizing questionable areas,
maximum intensity projections (MIPs) are helpful in pro-
viding a big picture evaluation. These 3D composite ren-
derings of the entire breast are helpful in assessing the
extent of disease and the relationship of structures. They
can be extremely helpful in surgical planning.

15. Conclusion

Setting up a breast MRI program involves multiple per-
sonnel and deserves adequate time allotment for imaging
and interpretation. Referring physician education is crucial
in the initial phases so that appropriate cases are referred
and realistic expectations are set. Breast MRI may be a
problem-solving test, and the patient may not need further
evaluation following the procedure. However, it should 
be recognized that a significant portion of patients 
undergoing breast MRI evaluation may require follow 
up or biopsy and that appropriate mechanisms (such as 
a method to handle suspicious findings) should be in place
before embarking on a program. Breast MRI patients
either have a known or suspected breast cancer and there-
fore are higher in anxiety than the average MRI patient.
The radiologist who coordinates the breast MRI program
should have a strong knowledge of breast disease, be famil-
iar with biopsy and recommendations for follow up, and be
able to communicate effectively to referring physicians
and patients. In most practices, a breast imager trained in
these skills will best serve the breast MRI program.
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The anatomy of the breast can be exquisitely demon-
strated with magnetic resonance imaging (MRI). Areas of
the breast that have been previously beyond the limits of
conventional imaging, such as the extreme posterior breast
and chest wall musculature, can be evaluated. Normal
structures, such as vessels and lymph nodes, are clearly
seen, particularly with the help of intravenous contrast.An
understanding of the normal structures and anatomy of the
breast is essential to the proper interpretation of breast
MRIs. This chapter describes the normal anatomy of the
breast that is evaluated by breast MRI.

1. Breast Anatomy

The breast is a modified skin gland enveloped in fibrous
fascia.The superficial pectoral fascia is located just beneath
the skin and in the retromammary space.The undersurface
of the breast lies on the deep pectoral fascia.1 Although
there are fascial layers between the breast proper and the
pectoralis major muscle, the breast is not completely sep-
arate from the pectoralis major muscle, as there are pene-
trating lymphatics and blood vessels [Figure 4.1(A)].

The breast is composed of three major structures: skin,
subcutaneous tissue, and breast tissue (parenchyma and
stroma). The parenchyma is divided into 15 to 20 lobes or
segments that converge at the nipple in a radial arrange-
ment.The ducts from the lobes converge into 6 to 10 major
collecting ducts that have openings at the nipple and
connect to the outside. Each of these major ducts arborizes
back from the nipple and forms a lobe or segment of glan-
dular tissue that is supported by surrounding connective or
stromal tissue [Figure 4.1(B)]. The distribution of lobes is
not even as there is a preponderance of glandular tissue in
the upper outer quadrant of the breast.1

Beneath the nipple openings, the lactiferous sinus is
visible. The lactiferous sinus is a slight dilation of the
ampullary portion of the major duct. The major ducts that
converge below the nipple and drain each segment are 

2mm in diameter. Each duct drains a lobe made up of 20
to 40 lobules. Each lobule contains 10 to 100 alveoli or
acini. Each lobule also consists of branching ducts that
divide into subsegmental structures and terminate in the
terminal duct lobular unit. The terminal duct lobular unit
consists of the terminal duct and the acinus. The glandular
tissue and ducts are surrounded by fat and supported by
Cooper’s ligaments, which are connective tissue elements
that arise from stromal tissue and attach to the prepectoral
fascia and dermis and support and suspend the breast
tissue (Figure 4.2).

High signal intensity can be identified on precontrast II
weighted images in ducts that are dilated and contain pro-
teinaceous or hemmorhagic debris, representing areas of
ductal ectasia (Figure 4.3).As with mammography, this can
be unilateral or bilateral. The areas involved can be focal
or diffuse (Figure 4.4). For the most part, these areas of
ductal dilation represent benign disease. However, as there
is high signal on the precontrast images, it is important to
assess whether enhancement occurs. As the ducts are high
in signal on both the precontrast and postcontrast images,
small areas of enhancement may be overlooked. Subtrac-
tion imaging of the precontrast from the postcontrast
image on a pixel-by-pixel basis can ensure that small areas
of enhancement are not present (Figure 4.5).

The stroma and connective tissue of the breast contain
fat, connective tissue, ligaments, blood vessels, lymphatics,
lymph nodes, and nerves. The skin of the breast contains
hair follicles, sebaceous glands, and apocrine sweat glands.2

Visualization of the pectoralis major muscle is as impor-
tant in MRI as it is in mammography, to ensure that the
breast is maximally imaged (Figure 4.6). With adequate
penetration to the chest wall, portions of the pectoralis
muscles, major and minor, are reliably visualized [Figures
4.1(B) and 4.7]. As with other imaging techniques, com-
plete visualization of the entire breast parenchyma is
essential (Figure 4.8). Protocols that exclude portions of
the breast are to be avoided.When selecting a protocol and
training technologists, it may be important to emphasize
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Figure 4.1. Schematic of sagittal views of the breast. (A) Medi-
ally, the internal mammary artery and branches are seen. The ter-
minal duct lobular unit (TDLU), the site of origin of most of
metaplastic, hyperplastic, and neoplastic processes of the breast,
is demonstrated. (B) At midline, the pectoralis major and minor

muscles are usually seen depending on patient anatomy. Each
breast contains approximately 15 to 20 lobes. (C) Laterally, the
lateral thoracic artery and branches supply the breast. Level 1
lymph nodes are demonstrated posterior to the pectoralis major
muscle.

A

B C
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Figure 4.2. Prominent Cooper’s ligaments (arrows) in a patient with
inflammatory breast cancer. The large central mass is seen as well as
focal thickening and enhancement of the skin.This image and all sub-
sequent images were performed on a 1.5 Tesla (T) magnet with a ded-
icated breast coil using a sagittal fat-suppressed three-dimensional
(3D) fast spoiled gradient echo sequence (FSPGR) following intra-
venous contrast unless otherwise indicated.

Figure 4.3. Duct ectasia. Postcontrast MRI demonstrates pro-
minent dilation of the lactiferous sinus with associated dilation
of more peripheral ducts. The finding was bilateral.

Figure 4.4. Maximum intensity projection (MIP) demonstrates
segmental duct ectasia. Note markers over the nipple and inferi-
orly over a palpable abnormality with no corresponding MRI
finding.
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Figure 4.5. Benign duct ectasia. (A) Postcontrast sagittal 
fat-suppressed 3D FSPGR image demonstrates high signal 
proteinaceous or hemorrhagic debris in ducts that arborize
demonstrating one of the lobes of the breast. The precontrast

image was identical. Note the convergence in the subareolar
region. A marker has been placed on the nipple. (B) Sub-
traction of the precontrast image from the postcontrast image
demonstrates no enhancement of the ductal tree.

Figure 4.6. Medial breast with pectoralis major muscle (arrow)
overlying ribs (curved arrow) and intercostal muscles (thick
arrow).

Figure 4.7. Laterally in the breast the pectoralis minor is visual-
ized (arrow) behind the pectoralis major muscle.

A B
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Figure 4.8. (A) Multiple normal appearing level I axillary lymph
nodes posterior to pectoralis major muscle. (B) Pectoralis 
major muscle (arrow) and pectoralis minor muscle (curved

arrow). Axillary artery identified (thick arrow). (C) Serratus 
anterior muscle (arrows). (D) Lateral to mid-breast.

the inclusion of the axillary tail, inframammary fold, and
extreme medial breast tissue as pathology can be hidden
in these areas (Figure 4.9). Maximal coverage of the breast
includes imaging the axillary tail and high axilla, sites

where ectopic breast tissue may be hiding (Figure 4.10).
Technologists can also ensure that these areas are imaged
by manually pulling breast tissue into the imaging coil.

(Continued)
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Figure 4.8. (Continued) (E) Medially, axillary artery can still 
be seen (arrow). Pectoralis major muscle anterior to chest wall
(curved arrow). Note contrast in heart and pulmonary vessels.

E F

G

(F) Medial breast. (G) Internal mammary artery (arrow) ante-
rior to the heart.



2. Vessels

The breast receives its blood supply from several sources.
The lateral thoracic artery [Figures 4.1C and 4.11] arises
from the axillary artery and supplies the upper outer quad-
rant of the breast, constituting approximately 30% of the
breast blood supply. Sixty percent of the blood supply
arises from the internal mammary artery (Figure 4.12) and
its perforating branches, which supply the central and
medial aspects of the breast. These are best seen where
they penetrate the chest wall close to the sternum (Figure
4.13). The remainder of the blood supply is primarily via
the lateral branches of the intercostal arteries. Vessels can
be usually distinguished from masses by following the
course of the vessel over multiple contiguous sections.
Maximum intensity projection (MIP) images can also help
to confirm the course of a vessel (Figure 4.14). The supply
of vessels to the breast is helpful in understanding the pref-
erential enhancement that can be seen in the upper outer
quadrant and along the inferior breast. Generally, the
center of the breast is the last to enhance due to the dif-
fering blood supply. Bilateral imaging can confirm the
impression of benign parenchymal geographic enhance-
ment when the same pattern of enhancement is seen in
both breasts.
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Figure 4.9. Medial fibroadenoma (arrow). Field of view should
not sacrifice medial breast tissue.

Figure 4.10. Ectopic breast tissue in the axillary tail on a lateral
image (arrow).

Figure 4.11. Lateral thoracic artery (arrow) and branches.
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Figure 4.12. Internal mammary artery (arrow).

A B

Figure 4.13. (A and B) Perforating branches from the internal mammary artery (arrows).



3. Lymphatics and Lymph Nodes

Lymphatic drainage of the breast is primarily via the axilla
(97%) with the internal mammary chain accounting for the
remaining 3%. Level I lymph nodes are found lateral to
the lateral border of the pectoralis minor muscle [see
Figures 4.1(C) and 4.8(A)]. Level II nodes lie behind the
pectoralis muscle, and level III nodes are located medial
to the medial border of the pectoralis minor muscle.

Intramammary lymph nodes on mammography are
usually seen in the lateral half of the breast along the cone
of breast tissue and are found in approximately 5% of
women (Figure 4.15). As MRI is able to evaluate more of
the posterior breast tissue, and as lymph nodes are highly
vascular and enhance intensely, it is not surprising that
lymph nodes are seen with more frequency on MRI in
locations that are considered atypical for mammography
(Figure 4.16). Lymph nodes are easily diagnosed when the
characteristic reniform appearance is seen with a fatty
hilum. Sometimes vessels radiating into the lymph node
hilum can be identified with certainty, also supporting the
diagnosis of a lymph node (Figure 4.17). However, lymph
nodes can be diagnostic dilemmas3 when not in the
expected location and when morphologic criteria are not
typical (Figure 4.18). Dynamic curves can be unreliable as
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Figure 4.14. Maximum intensity projection of breast demon-
strates course of vessels.

A

B

Figure 4.15. (A) Well-circumscribed homogeneous enhancing
round mass in the upper outer quadrant does not demonstrate a
fatty hilum. Kinetic analysis demonstrated washout kinetics. T2-
weighted imaging demonstrated corresponding high signal mass
(not shown). Nevertheless, biopsy was performed yielding benign
lymph node. (B) Characteristic appearance of lymph node with
presence of fatty hilum. Even though a washout kinetic curve 
was obtained in this lesion, the characteristic morphology allows
benign interpretation.
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Figure 4.16. Lymph node in the posterior medial breast. Pres-
ence of vessel extending to hilum and characteristic reniform
appearance allows diagnosis.

Figure 4.17. Benign lymph node with vessel radiating to hilum.

Figure 4.18. Lymph node in uncharacteristic location. Lymph node
in the posterior central breast with irregular margins and heteroge-
neous enhancement. If a corresponding high signal mass is confirmed
on the T2-weighted sequence these lesions may be followed 
cautiously.



normal lymph nodes can enhance rapidly and can washout,
mimicking carcinoma (Figure 4.19). T2-weighted images
may be helpful in these cases as lymph nodes may be
higher in signal intensity than the normal glandular

parenchyma (Figure 4.20). Lymph nodes containing 
tumor, particularly micrometastases, cannot be reliably
diagnosed at this time with the current contrast agents
(Figure 4.21).
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Figure 4.19. (A) Region of interest placed over a round homo-
geneously enhancing mass in the upper outer quadrant. (B)
Kinetic analysis demonstrates washout. As atypical appearing

lymph nodes may mimic carcinoma, attention to T2-weighted
images can help in confirming the presence of a lymph node. If
any doubt persists, biopsy is recommended.

A B

Figure 4.20. (A) T2-weighted image of a lymph node demonstrates high signal. Note lymph node is associated with a vessel and
contains a fatty hilum, further confirming benignity. (B) Corresponding postcontrast T1-weighted image.



4. Pectoralis Major Muscle

The pectoralis muscles, though attached to the chest wall,
are not considered part of the chest wall. This is an impor-
tant distinction when it comes to staging the patient. If the
chest wall is involved, the patient is Stage IIIB and not gen-
erally a surgical candidate. On the other hand, if only the
pectoralis muscles are involved, then the patient can have
surgery with removal of a portion or all of the muscle(s)
to achieve negative margins. Tumor involvement of the
pectoralis muscles is suspected when abnormal enhance-
ment is noted, indicating tumor involvement. If tumor infil-
trates the muscles, staging of the tumor is not changed
although surgical planning may be altered. Abutment of
tumor to the muscle with loss of the fat plane does not
signify muscle involvement.4

Sometimes it may be difficult to differentiate tumor
involvement between normal enhancing traversing vessels
extending through the pectoralis muscle (Figure 4.22).Tra-
versing vessels, however, can be identified on multiple
sequential images and their course can be followed (Figure
4.23). Tumor involvement of the pectoralis major muscle
generally produces more irregular enhancement. The pec-
toralis minor muscle, which lies behind the pectoralis major
muscle [see Figures 4.1(B) and 4.8(D)], is not generally
involved unless there is full-thickness involvement of the
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Figure 4.21. Benign reactive lymph nodes demonstrate the dif-
ficulty of detecting metastases. These lymph nodes are prominent
and several do not contain fatty hila nevertheless, they proved to
be benign.

Figure 4.23. Vessels (arrows) in the pectoralis major muscle.

Figure 4.22. Vessel (arrow) extending through the chest wall was
able to be followed over multiple sequential images.

pectoralis major muscle. The true chest wall includes the
intercostal and serratus anterior muscles as well as the ribs.
In order to diagnose chest wall involvement, abnormal
enhancement in these structures is required (Figure 4.24).



5. Breast Density

Breast density, which is a representation in mammography
of the amount of breast parenchyma present in the breast,
can be assessed on MRI on both T2- and T1-weighted
images. Breasts are characterized using BI-RADS (Breast
Imaging Reporting and Data System)5 criteria: 1, almost
entirely fatty; 2, scattered fibroglandular densities; 3, het-
erogeneously dense; and 4, extremely dense as with mam-
mography (Figure 4.25). Unlike mammography, dense
breasts generally do not pose a significant problem on MRI
as contrast is used and thin slices are obtained, thus over-
lapping parenchyma is not a hindrance (Figure 4.25B).
There are, however, a small set of patients who exhibit very
early rapid enhancement of the parenchyma, which can
obscure small enhancing suspicious foci. In these cases, it
may be helpful to communicate the lowered sensitivity of
MRI to the referring physician.

The breast parenchyma will be altered as the hormonal
environment of the breast changes. Age and fluid status
will also alter appearance. Both the epithelial ductal tissue
and the surrounding connective tissue elements compris-
ing the parenchyma are affected by the hormonal milieu.
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Figure 4.24. Chest wall involvement. Note diffuse enhancement
of the serratus anterior muscles.

A B

Figure 4.25. (A) MLO view demonstrates dense parenchyma
with no abnormalities. (B) Contrast-enhanced MRI in the same
patient is positive for a small invasive ductal carcinoma that was

likely obscured due to surrounding isodense breast tissue on the
mammogram.



Assessment of breast density becomes important when
interpreting hormonal changes in the breast, a possible
cause of benign parenchymal enhancement. Similarly,
fibrocystic change, which can be a cause of false-positive
enhancement, occurs more often in dense breasts. By rec-
ognizing breast density and the areas in the breast where
parenchyma is present, the interpreter can render a more
informed opinion.

6. Premenopausal Breast

The premenopausal breast is hormonally responsive.6

Estrogens cause increased blood flow through breast
parenchyma. This phenomenon is mediated by a histamine
effect that causes hyperemia, vasodilatation, and capillary
leakiness.7 Contrast enhancement in the breast is depen-
dent on these three factors and, therefore, it is not unex-
pected that contrast enhancement occurs in a cyclical
fashion in the normal premenopausal breast (Figure 4.26)8

Water displacement studies have shown that breast
volume can increase during the second half of the men-
strual cycle by 100mL. There is also evidence that in addi-
tion to water fluctuations during the menstrual cycle,
cyclical changes also affect parenchymal growth.

Enhancement following contrast administration on MRI
is related to vascularity, permeability, and capillary 
leakiness. Therefore, estrogens can cause benign

parenchyma to enhance following contrast administration.
In premenopausal women, MRI enhancement of breast
parenchyma may vary with the phase of the 
menstrual cycle, greatest in weeks 1 and 4 (Figure 4.27).
Enhancement can be stippled in a uniform, diffuse distri-
bution or patchy (Figure 4.28). Enhancement kinetic
analysis most often shows gradual increase over time with
continuous enhancement. Occasionally these areas of
normal hormonally sensitive parenchyma may enhance
intensely and in a mass-like distribution (Figure 4.29). For
this reason, examination is best performed in midcycle
(week 2; between days 7 and 14).

Two studies9,10 have demonstrated that the majority of
young women have enhancement in the breast that may
be focal or diffuse. The focal areas of enhancement can
mimic malignancy, looking mass-like with well-circum-
scribed or irregular margins. The majority of these areas,
however, have a benign time course: type I or II curves
with persistent or plateau kinetics. None had a malignant
time curve with rapid washout. When the examination was
repeated in mid-cycle, more than half of the areas 
of enhancement disappeared. Benign background hor-
monal enhancement is by no doubt one of the greatest
challenges facing interpretation of breast MRI, however, if
recognized and analyzed (with BI-RADS MRI lexicon)
using kinetic information (usually continuous) and mor-
phology (usually non-mass), the correct interpretation can
generally be rendered.
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Figure 4.26. (A) Initial study in the third week of the menstrual cycle in a premenopausal woman. (B) Follow up several months
later in the second week of the cycle demonstrates much less parenchymal enhancement.
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Figure 4.27. (A and B) Initial study in the fourth week of the menstrual cycle in a premenopausal woman. (C and D) Follow-up
examination in 2 months in the second week of the cycle shows marked decrease in the overall enhancement.



7. Postmenopausal Breast

Menopausal status can affect the breast density.11 When a
patient reaches menopause (usually in her late 40s or early
50s), the body stops producing estrogen and progesterone.
The breasts’ glandular tissue involutes and shrinks after
menopause, replaced by fatty tissue. Therefore, as patients
advance in age, in general, breast density decreases as fatty
replacement occurs. Structurally, there is a decrease in cel-
lularity and number of lobules as a result of epithelial
atrophy. Fibrous connective tissue loses strength and the
breasts may sag. This progression can be extremely vari-
able and can affect the breasts in a heterogeneous fashion,
leaving some areas of the breast relatively unaffected.
Additionally, there is a broad spectrum of breast densities
in all ages, with premenopausal patients having fatty
breasts and postmenopausal patients having extremely
dense breasts. Therefore, although a gross generalization
can be made that young women generally have dense
breasts that involute with age, this may not apply to a spe-
cific individual case.

Administration of exogenous hormonal treatment
decreases menopausal atrophy and can result in appear-
ances on MRI of the premenopausal breast (Figure 4.30).12

This is usually seen with combined hormone replacement
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Figure 4.28. Diffuse stippled enhancement in a dense breast in
a premenopausal patient that was related to hormone effects.

A B

Figure 4.29. (A) Maximum intensity projection image demon-
strates patchy areas of mass-like enhancement. The contra-
lateral breast demonstrated similar changes. Kinetic analysis
demonstrated continuous enhancement. Therefore it was elected

to follow this in several months and re-image in the second phase
of the cycle. (B) Mass-like enhancement (result of hormones)
disappeared on follow-up examination.



ognized.13 Parenchymal density as well as parenchymal
enhancement in these patients is reduced.

9. Pregnancy

Pregnancy produces extreme changes in the breast
parenchyma with associated vascular engorgement. Early
in pregnancy, terminal ducts and lobules grow rapidly with
lobular enlargement and depletion in fibrofatty stroma.
Lobular growth continues throughout pregnancy. Follow-
ing cessation of lactation, involution of the breast occurs
over a period of 3 months.

Evaluation with MRI in the pregnant patient is not
advised in the first trimester as the effects of the magnetic
field on the fetus at this time are unknown, though depend-
ing on the clinical circumstances, the benefits of the 
information may override the risks. Regardless, in our
experience, we have found the utility of MRI in this setting
unpredictable at best, as general diffuse intense enhance-
ment is present due to parenchymal enhancement (Figure
4.32). Underlying carcinomas may be obscured to marked
intense generalized enhancement. In several cases we have
been able to see the primary carcinoma; however, the reli-
ability of detecting additional disease remains unclear
(Figure 4.33). No published data address the pregnant
patient; all experience is anecdotal at this point.

Similarly, patients who are lactating have diffuse
extreme enhancement that poses potential difficulties in
interpretation (Figure 4.34).14 As the issue of pregnancy-
related breast cancer (breast cancer diagnosed during
pregnancy or within the following year) is significant when
a suspicious palpable abnormality is identified in these
patients, evaluation with mammography to assess calcifi-
cations and with ultrasound to assess masses is favored
over the evaluation with MRI. Very few reports of breast
MRI in this setting are known at this writing and further
study is warranted.

10. Skin and Nipple

Normal skin appears smooth and measures usually 0.5- to
2.0-mm thick, except caudally where it may be slightly
thicker due to its usual dependency.15 Skin should not
enhance. Skin scars demonstrate focal skin thickening 
that does not enhance if mature. Sebaceous cysts can 
be encountered when performing breast MRI and can
enhance when they become inflamed (Figure 4.35). Most
often these arise from swollen hair follicles.

The nipple-areolar complex enhances intensely on MRI
following contrast administration due to the presence of
numerous vessels (Figure 4.36). Normal nipples may 
show symmetrical enhancement patterns on MRI, even
when they are asymmetrical on physical examination.

4. The Normal Breast 39

Figure 4.30. Postmenopausal patient on hormones for 5 years
had areas of mass-like enhancement (arrow) in the inferior breast
that regressed but did not disappear after discontinuing exoge-
nous hormone therapy at repeat scanning 6 weeks later. Note
adjacent coil artifact inferiority.

therapy with estrogen and progesterone. False-positive
results may occur in these circumstances and therefore it
is recommended that the patient be off hormones for 6 to
8 weeks before scanning. Usually, if there is an important
clinical problem, most centers do not insist that the patient
stop hormonal therapy before performing MRI.

8. Chemopreventive Agents

Drugs called antiestrogens and SERMs (selective estrogen
receptor modulator) may be able to reduce breast cancer
risk. Because estrogen can promote the development of
cancer in the breast, drugs that block its action may be
helpful in preventing or treating breast cancer. Tamoxifen
is a SERM that exerts antiestrogen effects on the breast
by binding to the estrogen receptors of breast cells, pre-
venting estrogen molecules from binding to the receptors.
By interfering with estrogen receptors in this way, tamox-
ifen blocks the ability of estrogen to stimulate the prolif-
eration of breast cells. This effect reportedly can decrease
enhancement on MRI and decrease breast density in some
women (Figure 4.31). As these therapies become more
ubiquitous, the effect of imaging studies will need to be rec-
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Figure 4.31. Two examples of loss in breast density following
medication with SERMs (selective estrogen receptor modula-
tor). (A) Pretreatment breast density in a 42-year-old woman
with contralateral mastectomy. (B) Posttreatment breast density
has decreased in the same patient. (C) Pretreatment breast

density in a 54-year-old woman with contralateral mastectomy
for invasive ductal carcinoma. Skin thickening is due to recent
benign breast biopsy. (D) Posttreatment breast density has
decreased in the same patient. Note skin thickening resolved.



Figure 4.32. A 34-year-old patient felt a large mass in the lateral
breast several weeks postpartum. Magnetic resonance imaging
demonstrates a large partially necrotic rim-enhancing tumor that
corresponds to the palpable abnormality. Note intense back-
ground enhancement of dense proliferative parenchyma.

Figure 4.33. Maximum intensity projection image of a 39-year-
old woman who presented with a lump 1 year following normal
delivery. She had been breastfeeding her child from that breast.
Maximum intensity projection image shows a highly suspicious
mass compatible with carcinoma. Note the background enhance-
ment is not as intense as in the preceding case.

A

B

Figure 4.34. (A) Prior MRI examination in a 33-year-old woman
who was on screening protocol. No significant enhancement is
identified. (B) The same patient is reimaged while lactating. Note
parenchymal proliferation as well as intense enhancement of the
lactating breast tissue.
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Figure 4.35. (A and B) Two examples of sebaceous cysts that demonstrate enhancement. Note that these are directly along the skin
surface.

A B

Figure 4.36. Nipples on MRI may (A) enhance intensely, (B) mildly, or (C) not at all, depending on blood supply.

There is usually 1 to 2mm thickness of dermal enhance-
ment with a nonenhancing central area. Rarely, there is
linear enhancement passing though the non-enhancing

region. Normal nipples do not demonstrate nodular 
or irregular enhancement along the posterior border
(Figure 4.37).16



11. Fat

On non–fat-suppressed T1-weighted precontrast images,
fat is high in signal intensity and the breast parenchyma 
is intermediate signal intensity. Fat can obscure contrast
enhancement if not suppressed by some method. Fat sup-
pression can be achieved by subtraction imaging so that
the signal from fat is subtracted and only the contrast-
enhancing areas of the breast remain. Another method is
to perform chemical fat suppression that actively sup-
presses the signal from fat.

12. Fibrous Tissue and Calcifications

Fibrous tissue is generally low in signal intensity. Foreign
objects, such as metallic clips, produce signal void and are
very dark. Calcifications, if large enough, can be seen as
very low signal. Benign breast calcifications, such as those
seen in sclerosing adenosis or fibrocystic changes, are
rarely imaged on breast MRI.

13. Conclusion

Normal structures of the breast can be evaluated on breast
MRI. Recognition and knowledge of these findings can
facilitate interpretation. Some of the challenges in breast
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Figure 4.37. Abnormal thickened nipple in a patient with inflam-
matory breast carcinoma.

C

Figure 4.36. (Continued)

MRI include understanding normal structures and normal
patterns of enhancement of the breast parenchyma.
Hormonal stimulation of the breast, endogenous and
exogenous, can be recognized, it is hoped, as benign 
form morphology and kinetics. Similarly, mistaking benign
structures such as lymph nodes for suspicious masses may
be lessened if all the pertinent data, including information
from all sequences (especially T2 weighted) and any prior
imaging comparison such as mammography is considered.
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The most common site of regional involvement of breast
cancer is within the axillary lymph nodes. Along with size
of the primary carcinoma, the presence of metastatic
disease to the axillary lymph nodes is the most important
indicator of clinical outcome. Studies of 10-year survival
rates have demonstrated that prognosis is directly related
to the number of lymph nodes involved.1–3 As shown in
results obtained in the American College of Surgeons’
survey, with greater number of nodes involved, there is a
progressive decline in survival (Table 5.1). When 1 to 2
nodes are involved, 5-year survival is 62% to 63%, whereas
when 5 nodes are involved, survival declines to 47%. With
more than 10 nodes involved, survival decreases to 29%.
Because knowledge of involvement of lymph nodes is
important for staging and treatment planning for patients,
techniques to assess the status of these nodes are 
important.

Additionally, removal of axillary nodes may decrease
axillary recurrence of tumor. As axillary recurrence can
significantly compromise quality of life with lymphedema
and pain, surgical removal or radiation of these involved
nodes can be helpful in decreasing the likelihood of this
complication.

1. Anatomy

The axillary lymph nodes are divided into three levels that
are defined by their relationships to the pectoralis minor
muscle: Level I nodes are inferior and lateral to the pec-
toralis minor muscle; level II nodes are deep to this muscle,
and level III nodes are superior and medial to the pec-
toralis minor (Figure 5.1). The majority of breast cancers
spread into these axillary nodes with a small percentage 
of medially located tumors spreading into the internal
mammary lymph nodes. This nodal chain is located

parasternally, deep to intercostal muscles, adjacent to the
internal mammary vessels.

Metastatic invasion of axillary lymph nodes generally
develops in an orderly, progressive pattern, with the nodes
of level I first affected, followed by levels II and III.
Because of this pattern, as higher levels of the nodal chain
are involved, the number of involved lymph nodes
increases, and the prognosis worsens. Rarely, there is
involvement of higher levels without involvement of lower
level lymph nodes. Large series have shown that these skip
metastases only occur only in approximately 3% to 4% of
cases.4,5 Therefore, if the nodes of level I are free of disease,
there is minimal chance of metastatic involvement of
lymph nodes in levels II and III.

2. Pathophysiology of Metastatic
Disease to Lymph Nodes

Tumor cells usually enter lymph nodes via afferent lym-
phatics, passing into the marginal sinus, then into the cortex
where they first establish themselves. A focus of tumor
cells less than 2mm in diameter on histopathologic analy-
sis is classified as a micrometastasis. Current imaging
methods are not able to accurately detect micrometastatic
disease. However, as the tumor cells continue to grow
within the lymph node, imaging can detect metastatic foci.
With this larger tumor burden, the node enlarges, and
eventually tumor growth obliterates the fatty hilum.Tumor
cells can ultimately break through the cortex leading to
extracapsular and extranodal extension and flow into the
efferent nodal vessels, at which point they spread into 
adjacent lymph nodes.6 With extension of tumor into the
pericapsular fat, the contour of the node can become 
spiculated. This extension suggests a more biologically
aggressive tumor, especially in women with three or fewer
nodes involved.
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3. Imaging Methods

3.1. Surgical, Mammographic, and Sonographic
Evaluation of Axillary Lymph Nodes

Until recently, imaging of lymph nodes has not played a
significant role in staging breast cancer due to the inabil-
ity to detect micrometastatic involvement. In the past, the
gold standard for detecting metastatic involvement of 
axillary lymph nodes was axillary lymph node dissection,
which was often associated with significant morbidity.
Despite the ability of axillary dissection to help in loco-
regional control, it has not been shown to have any impact
on the overall survival of the patient.7

Increasingly, sentinel lymph node biopsy has become 
an alternative procedure to evaluate involvement of 
lymph nodes. Sentinel lymph node imaging uses radio-
nuclide particles and/or a visual tracer to detect the first
lymph node draining the tumor site.8 If histopathologic
analysis shows tumor involvement, then a full axillary 
dissection can be performed. This information is also 
valuable in determining the need for hormonal therapy 
or chemotherapy.

Although the assessment is often nonspecific, mammog-
raphy and sonography can aid in the identification of
pathologic lymph nodes. On mammography, abnormal
lymph nodes can be identified when they are dense,
rounded, or spiculated.9 On sonography, abnormal lymph
nodes lose their hypoechoic cortex and become more
rounded, and the fatty echogenic hilum can be obliterated.
When abnormal lymph nodes are identified on sonogra-
phy, fine needle aspiration under sonographic guidance can
be performed for definitive cytologic evaluation. This can
be very useful as inflammatory, reactive, and metastatic
adenopathy can have an identical mammographic and
sonographic pattern. The usefulness of mammography has
been limited to the evaluation of level I nodes. Level II and
III nodes can be imaged sonographically, but the utility of
this technique for screening of these nodal levels has very
limited experience.

Other cross-sectional imaging modalities can be valu-
able in assessing the axilla. Computed tomography (CT)
can image all levels, but its application is limited by its high
radiation doses and thus it would be unusual to use CT for
axillary screening. Positron emission tomography (PET)
shows a high sensitivity in detecting axillary metastases.
However, its specificity is lower. Published sensitivities
have ranged from 80% to 95%, while specificities have
been reported from 66% to 95%.10,11

4. Magnetic Resonance Imaging of
Lymph Nodes

Contrast-enhanced magnetic resonance imaging (MRI) of
the breast is becoming an integral part of evaluating extent
of disease in patients with known breast carcinoma. Con-
trast-enhanced MRI can identify breast tumors due to
their increased tumor vascularity and increased tumor cap-
illary permeability. The same characteristics make it possi-
ble to image lymph nodes, which are also intensely vascular
and thus can be well seen on contrast-enhanced MRIs. On
standard MRI of the breasts, intramammary lymph nodes
can be detected as some level I lymph nodes are included
in the examination. However, the entire axilla is not fully
included in these images as standard breast coils often do
not adequately cover this area.
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Figure 5.1. Anatomy of lymph nodes within the axilla: Level I
nodes are located inferior and lateral to the pectoralis minor
muscle (PMM), level II nodes are located deep to the PMM, and
level III nodes are superior and medial to the PMM.

Table 5.1. Five-Year Results Related to the Number of 
Pathologically Positive Lymph Nodes

No. of Positive Axillary No. of Survival Recurrence
Nodes Patients (%) (%)

0 12,299 72 19
1 2,012 63 33
2 1,338 62 40
3 842 59 43
4 615 52 44
5 478 47 54
6–10 1,261 41 63
11–15 562 29 72
16–20 301 29 75
�21 225 22 82

Source: Data from Nemoto T, et al. Management and survival of female
breast cancer: results of a national survey by the American College of 
Surgeons. Cancer 1980;45:2915–2924.



5. Identifying Metastatic Disease

On MRI, normal lymph nodes demonstrate characteristics
identical to those seen on other imaging studies: well-
circumscribed, reniform masses with a fatty hilum (Figure
5.2). Precontrast T1-weighted sequences without fat 
saturation can often demonstrate the fatty hilum.
On T2-weighted sequences, lymph nodes have 
intermediate-to-high signal intensity. On postcontrast 
T1-weighted sequences, they show vivid homogenous
enhancement or rim enhancement (Figure 5.3). Size is a
nondiscriminating characteristic, as normal lymph nodes
with large fatty hila can measure up to 5cm and lymph
nodes containing metastatic disease are not necessarily
enlarged (Figure 5.4).

Malignant lymph nodes have a more rounded contour
as tumor cells grow and expand the lymph node. Eccentric
enlargement of the lymph node with focal thickening of
the cortex and obliteration of the fatty hilus can occur.
They typically demonstrate heterogeneous enhancement
(Figure 5.5). However, if tumor has totally replaced the
node, diffuse enhancement can also be seen. Lymph nodes

containing metastatic disease are still usually smoothly
marginated; however, there also can be gross spiculation
and irregularity due to extranodal extension (Figure 5.6).

Malignancies other than breast cancer can spread to the
axillary lymph nodes. Lymphomas and leukemias can often
cause massive enlargement of lymph nodes. Other
common malignancies include lung, melanoma, thyroid,
ovarian, and gastrointestinal tumors. These have a similar
appearance on MRI to metastatic breast cancer.

Studies have attempted to further distinguish benign
from malignant lymph nodes on MRI. Mumtaz et al.12

classified nodes as abnormal when they enhanced with
gadolinium, their size was greater than 5mm, and their
signal intensity was higher than soft tissue on short inver-
sion time recovery images. With these criteria, they pro-
duced a sensitivity of 90% and specificity of 82%. Kvistad
et al.13 used dynamic enhancement features to distinguish
between normal and abnormal lymph nodes. They charac-
terized lymph nodes as being pathologic when their signal
intensity increases >100% during the first postcontrast
image. With this threshold, they obtained a sensitivity 
of 83% and specificity of 90%, with an accuracy of 88%.
In another study Murray et al.14 examined lymph node
enhancement using a region of interest method and calcu-
lated the nodal area. With an enhancement index of >21%
and a nodal area of >0.4cm2, they achieved a sensitivity of
100%, a specificity of 56%, a positive predictive value of
38%, and a negative predictive value of 100%.

Unfortunately, other causes of nodal enlargement can
present with patterns identical to that seen with malignant
adenopathy. Inflammatory conditions such as rheumatoid
arthritis, systemic lupus erythematosus, psoriatic arthritis,
and sarcoidosis can cause axillary adenopathy and be
indistinguishable from that found with metastatic disease.
Gallardo et al.15 demonstrated that nonmalignant lymph
nodes can also rapidly enhance. Biopsy was needed to 
differentiate hyperplasia from malignant disease in this
study.

5.1. Internal Mammary Lymph Nodes

Only a small percentage of cancers drain into the internal
mammary lymph nodes. Due to their infrequent involve-
ment, they are not routinely staged. In addition, studies
have shown that dissection or irradiation of internal
mammary nodes does not improve overall survival.16 It is,
however, an independent additional indicator for a worse
prognosis, and therefore when suspected, sampling may be
performed on select patients. On MRI, internal mammary
lymph node metastasis can be identified along the internal
mammary artery and vein in the intercostal space. A rela-
tively recent study has shown that when they measure 
5mm in diameter or more, metastatic involvement should
be suspected.17
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Figure 5.2. Sagittal fat-suppressed T1-weighted sequence that
demonstrates a normal crescentic-shaped axillary lymph node
with a fatty hilum (arrow).



48 J.Y.M. Lee and D.D. Dershaw

A

B C

Figure 5.3. The appearance of normal lymph nodes on various
sequences. (A) Sagittal non–fat-suppressed T1-weighted sequence:
intermediate-to-high signal intensity consistent with a fatty hilum.
(B) Sagittal fat-suppressed T2-weighted sequence: lymph node has
intermediate-to-high signal intensity. (C) Sagittal fat-suppressed
postcontrast T1-weighted sequence: homogeneous enhancement of
the lymph node.
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Figure 5.4. Metastatic breast carcinoma to an intramammary
lymph node. Sagittal fat-suppressed postcontrast T1-weighted
sequence shows a small intramammary lymph node with loss of
the fatty hilum and irregular margins in this patient with known
ipsilateral breast carcinoma.

A B

Figure 5.5. Example of
metastatic breast carcinoma to
axillary lymph nodes. (A) Sagit-
tal fat-suppressed postcontrast
T1-weighted sequences shows a
large irregular enhancing mass
(arrow) with a heterogeneously
enhancing enlarged axillary
lymph nodes (double arrows).
(B) Sagittal fat-suppressed
postcontrast T1-weighted se-
quence shows multiple irregu-
lar heterogeneously enhancing
masses.

Figure 5.6. Metastatic breast carcinoma with spiculated 
axillary adenopathy. Sagittal fat-suppressed postcontrast T1-
weighted sequences show spiculated heterogenously enhancing
nodes within the axilla from a patient with known ipsilateral infil-
trating ductal carcinoma.



6. New Contrast Agents

Our current ability to detect small foci of metastasis to
lymph nodes is somewhat limited. Recently, dextran-
coated ultrasmall superparamagnetic iron oxide (USPIO)
particles have been investigated as an alternative contrast
agent to evaluate the lymphatic system. These are small
iron oxide particles that are intravenously injected and are
taken up by normal functioning lymph nodes and inflamed
nodes. The macrophages of normal lymph nodes can
phagocytose these particles while the lymph nodes with
tumor cells are not able to incorporate them. Due to the
ferromagnetic properties of iron oxide, normal lymph
nodes show a signal intensity decrease on T2*- and T2-
weighted sequences because of the effect of magnetic sus-
ceptibility. This makes it possible to differentiate benign
from malignant lymph nodes. Michel et al.18 used this agent
to attempt to predict the status of axillary lymph nodes
with promising results, obtaining a sensitivity of 82% and
specificity of 100%. Further large-scale studies with this
new contrast agent will ultimately determine its role in pre-
operative axillary imaging.

7. Conclusion

At present, the preferred method for detecting metastatic
disease to the axilla is surgical, using identification and
biopsy of the sentinel node. Contrast-enhanced MRI 
currently does not detect metastatic disease with enough
sensitivity and specificity to obviate sentinel node biopsy.
Whether MRI will have a role in the detection of metas-
tatic disease to the axilla in the future is uncertain. The
need to be able to detect micrometastatic disease by an
imaging modality will challenge those who are currently
involved in investigation of new contrast agents.
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As contrast enhanced breast magnetic resonance imaging
(MRI) becomes more ubiquitous, standardization of ter-
minology has become necessary. To this end, the American
College of Radiology (ACR) has sponsored the develop-
ment of a lexicon that is finalized and is now available.This
chapter attempts to illustrate some of the terms that are
used in this lexicon. It should be emphasized that this
chapter does not replace the ACR BI-RADS™ (Breast
Imaging Reporting and Data System) MRI Lexicon. The
purpose of this chapter is to familiarize the reader with
concepts and terminology in breast MRI interpretation
that may be useful.1–4

The need for a lexicon becomes apparent when inter-
preting contrast-enhanced breast MRI as there are many
different types of enhancement seen. Because enhance-
ment alone is not sufficient for the diagnosis of malignancy,
a method to describe findings is essential. Additionally,
each lesion contains information about morphological
characteristics as well as information about the dynamics
of the contrast enhancement. By analyzing both the mor-
phology and kinetic behavior of a lesion, the specificity of
breast MRI is improved. A preliminary lexicon describing
both architectural features and dynamic parameters is pre-
sented. This chapter focuses on the morphology of both
benign and malignant breast lesions seen on breast MRI.

1. Standardization of Terminology

During the past decade, as multimodality breast imaging,
including MRI, has become incorporated into the clinical
evaluation of the breast, it has become apparent that stan-
dardization of terminology is important, particularly across
modalities. As with mammography, concise, clear, easily
understood language is needed when describing a lesion

seen on breast MRI, so that the description can be under-
stood without the benefit of looking at the actual image.
The need for a standardized lexicon for analysis of findings
identified on breast MRI is twofold: to concisely describe
the findings to facilitate communication between radiolo-
gists and referring physicians and to allow analysis of 
outcomes across institutions to validat management rec-
ommendations.

Over the past several years, an international working
group consisting of breast MRI experts from around the
world has been supported by the ACR to arrive at a 
consensus lexicon that would describe the findings that are
seen on breast MRI.1–3 One of the goals of the group was
to arrive at a consensus regarding architectural and 
kinetic features that are seen on contrast-enhanced breast
MRI. Terms that were proposed by the group are listed 
in Table 6.1.

The group has expressly tried to incorporate familiar
language such as that used in BI-RADS for mammogra-
phy.5 When a BI-RADS descriptor could be used, it was
applied and new descriptors were developed for findings
unique to MRI. By virtue that breast MRI uses contrast
and mammography does not, terms to describe the kinetic
uptake of contrast by the lesion are unique to breast MRI.
Similarly, aspects of morphologic analysis, such as pattern
of enhancement, are unique to the breast magnetic reso-
nance examination. The shape and margin analysis is
similar to BI-RADS™.

Lesion interpretation in breast MRI relies entirely on
lesion enhancement. When analyzing a breast MRI exam-
ination, the first step is to establish that the patient
received an adequate dose of intravenous contrast. While
there are several sophisticated methods that can assess the
presence of contrast, the simplest form of confirmation
that contrast was received is that vessels in the breast are
identified as enhancing structures and contrast is seen in
the heart.

Solely identifying an enhancing area on breast MRI as
suspicious will not optimize the specificity of breast MRI

6
Breast Magnetic Resonance Imaging Lexicon
Elizabeth A. Morris

51

Adapted from Morris EA. Illustrated breast MR lexicon. Semin
Roentgenol. 2001;36:238–249, with permission from Elsevier.



Abbreviations: 2D, two-dimensional; 3D, three-dimensional.

Patient history
Risk

Family history
Personal history

History of prior biopsy (benign or 
malignant)

Clinical
Palpable lump/thickening
Nipple discharge
Known cancer

Hormonal status
Menstrual cycle (if pertinent)
Exogenous hormone replacement 

therapy
Recent pregnancy
Tamoxifen
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Focus/foci
Mass margin

Smooth
Irregular
Spiculated

Mass shape
Round
Oval
Lobular
Irregular

Mass enhancement
Homogeneous
Heterogeneous
Rim
Dark internal septation
Enhancing internal septations
Central enhancement

and will result in too many false-positive biopsy results. For
the best analysis, all features of the lesion should be ana-
lyzed, including kinetics as well as morphology of en-
hancement. By combining kinetic and morphologic infor-
mation with clinical history and conventional imaging
(mammography and ultrasound) findings, a recommenda-
tion for biopsy can be made with more assurance.

Because malignant lesions can masquerade as benign
and vice versa, there can be overlap in the imaging char-
acteristics of benign and malignant lesions. Because there
is overlap, the most definitive method of differentiation
between benign and malignant is biopsy, which should 
be performed for any suspicious finding. This chapter
addresses the features that will help the reader determine
what is suspicious as well as features of a few classic benign
entities on MRI.

Table 6.1. Breast MRI Terms Proposed by the International Working Group of the American College of Radiology

NonMass enhancement
Focal
Linear
Ductal
Segmental
Regional
Multiple regions
Diffuse

NonMass enhancement descriptors for all
other types
Homogeneous
Heterogeneous
Stippled/punctate
Clumped
Reticular/dendritic

Symmetric versus asymmetric for bilateral
studies

Other findings
Nipple retraction
Nipple invasion
Precontrast high duct signal
Focal skin thickening
Diffuse skin thickening
Skin invasion
Edema
Lymphadenopathy
Pectoralis muscle invasion
Chest wall invasion
Hematoma/blood
Abnormal signal void
Cysts

Comparison with prior examinations
Mammogram
Ultrasound
Prior MRI

MRI technique
Location of markers and significance
Field strength
Contrast media used and dose
Scan plane—sagittal/axial/coronal
Slice thickness
Pulse sequence

Gradient echo
Spin-echo
2D

3D
Fat saturation or subtraction
Number of postcontrast scans
Time interval between postcontrast 

scans
Scan length
Matrix resolution

Postprocessing techniques
Multiplanar reconstruction (MPR)
Maximum intensity projection (MIP)
Time intensity curves
Subtraction

Table 6.2. Information Pertinent to Interpretation of the Breast MRI Examination

2. Technique

There is no gold standard technique for performing breast
MRI. Many techniques are available and widely used
depending on hardware and software capabilities and 
personal preferences. T1-weighted sequences obtained
before and after gadolinium-DTPA administration are
favored. High-resolution techniques optimize lesion mor-
phologic analysis and rapid acquisition is used for assess-
ing enhancement profiles. T2-weighted sequences are
useful for identifying breast cysts that can be simple or
hemorrhagic, in addition to myxoid fibroadenomas and
lymph nodes that can be high in signal intensity. In general,
invasive breast carcinomas are not very high in signal
intensity on T2 except for mucinous carcinoma or necrotic
tumors.6 Intermediate signal carcinomas can sometimes be



seen. Table 6.2 describes information regarding technique
that is pertinent to the report.

In addition to providing descriptions of the morphologic
and kinetic findings, the MRI report should have a final
recommendation to convey the level of suspicion to the
referring physician. If a recommendation for biopsy is
made, it should be clearly reported in the final impression
and a final assessment category should be specified, as in
mammography.

3. Breast Histopathology and Magnetic
Resonance Imaging

Breast disease pathology is superbly seen and delineated
by using breast MRI. To allow identification and charac-
terization of small lesions, slice thickness should be
approximately 2mm so that volume averaging is not an
issue. Because breast cancer can grow along a duct system
extending from the terminal duct lobular unit either into
the breast as an invasive mass or extending along the duct
system in a segmental fashion to the nipple, breast MRI is
exquisitely poised to depict the spread of disease, as long

as there is increased vascularity associated with the
disease. Three-dimensional maximum intensity projection
(MIP) reconstructions can nicely demonstrate such uctal
enhancement patterns (Figure 6.1).

Compared with mammography breast MRI is superior
at delineating disease extent. Mammography may demon-
strate a mass that proves to be an invasive carcinoma that
may only be a small component of the total tumor load.
Breast MRI not only shows us the invasive component but
may also demonstrate the surrounding uncalcified seg-
mental ductal carcinoma in situ (DCIS) from which the
invasive carcinoma grew. Multifocal disease is often rep-
resented as a segmental area of enhancement representing
DCIS in association with several heterogeneously enhanc-
ing masses representing the sites where the basement
membrane has been crossed and the tumor has invaded the
breast.

A basic understanding of cancer growth and spread 
in the breast aids in the analysis of the morphologic 
features seen with breast MRI. Similarly, knowledge of the
histopathology of benign lesions, such as the different
types of fibroadenomas, can aid in the interpretation of
benign findings. For example, a slowly enhancing mass may
represent a sclerotic hyalinized fibroadenoma, whereas a
rapidly enhancing mass may represent a myxoid fibroade-
noma. Fibroadenomas may also contain fibrous nonen-
hancing bands: If these are identified with certainty and all
other features appear benign, a benign diagnosis can be
made comfortably.

4. Morphologic Features

Morphologic analysis is best performed with high spatial
resolution techniques that allow evaluation of the mass
shape and border so that suspicious spiculated or irregu-
lar masses can be differentiated from smooth benign-
appearing masses. Also, with high spatial resolution, the
borders and internal architecture of the lesion can be
assessed and the pattern of enhancement can be readily
characterized.

5. Description of Terms

5.1. Focus/Mass

A focus is a single tiny punctate enhancement that is non-
specific and too small to be characterized.A focus is clearly
not a space-occupying lesion or mass (Figure 6.2). An
enhancing lesion on MRI can be described as a mass if it
displaces tissue and has space-occupying properties. If
there are multiple foci in a breast, the term stippled can be
applied (Figure 6.3).
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Figure 6.1. Maximum intensity projection (MIP) of segmental
ductal enhancement in the inferior breast compatible with exten-
sive ductal carcinoma in situ (arrows). All images in the illustra-
tions of the lexicon are performed postcontrast with fat
suppression sagittal T1-weighted technique unless otherwise 
indicated. Note intramammary lymph node (thick arrow).
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A B

Figure 6.2. (A and B) Foci (arrows).

A B

Figure 6.3. (A and B) Stippled enhancement.
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5.2. Shape/Margin

The shape and margins of masses can be described. Mass
shape can be described as round, oval, lobular, or irregu-
lar (Figure 6.4). Margins of masses are smooth, irregular,
or spiculated. Spiculated and irregular masses (Figure 6.5)
are suspicious for carcinoma, whereas a smooth margin is
more suggestive of a benign lesion (Figure 6.6). Margin
analysis is dependent on spatial resolution and irregular

borders can appear relatively smooth when insufficient
resolution is used. Therefore, carcinomas may present with
benign imaging features on MRI, particularly when small
(Figure 6.7). It should be emphasized that the resolution
of MRI is generally not as high as the resolution of mam-
mography and that border definition is not as absolute.
Therefore, malignant masses may be more prone to
demonstrate benign features on MRI.7,8

In general, margin and shape analysis should be 
performed on the first postcontrast image to avoid

A C

B Figure 6.4. (A–C) Lobular smooth invasive carcinomas.
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Figure 6.5. (A–C) Irregular spiculated invasive carcinomas.

A B

C
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5.3. Internal Enhancement

Internal enhancement of masses can be described as
homogeneous or heterogeneous. Homogeneous enhance-
ment is confluent and uniform (Figure 6.8). Heterogeneous

washout and progressive enhancement of the surround-
ing breast tissue, which can obscure lesion analysis.
Additionally, as time elapses after contrast enhance-
ment, the periphery of the lesion may become more 
indistinct.9

Figure 6.6. Oval smooth lymph node. Figure 6.7. Small round smooth carcinoma.

A B

Figure 6.8. Homogeneous enhancement. (A) Fibroadenoma. (B) DCIS.
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Figure 6.9. Heterogeneous enhancement in invasive carcinoma.

BA

Figure 6.10. (A and B) Rim enhancement. Invasive ductal carcinomas.

enhancement is non-uniform with areas of variable signal
intensity (Figure 6.9). Masses may display rim enhance-
ment, a particularly suspicious finding for malignancy
(Figure 6.10). Other suspicious findings include enhancing

septations (Figure 6.11) or central enhancement (Figure
6.12), though these signs occur less commonly. Homoge-
neous enhancement is suggestive of a benign process;
however, again, in small lesions, one must be careful as
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BA

A B

Figure 6.12. (A and B) Central enhancement. Invasive ductal carcinomas.

Figure 6.11. Enhancing internal septations. (A) Invasive ductal carcinoma (small arrows) and metastatic disease to the axilla (large
arrow). (B) Invasive ductal carcinoma.
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Figure 6.13. Dark nonenhancing septations in fibroadenoma.

A B

Figure 6.14. (A) Smooth mass and fibroadenomas appearing as (B) irregular mass.

spatial resolution may limit evaluation. Heterogeneous
enhancement is more characteristic of malignant lesions
especially if rim enhancement is present.

Dark internal septations are classic for fibroadenomas
(Figure 6.13) though are seen in the minority of cases

(Figure 6.14). When present, masses can be considered
benign with a high degree of certainty (>95% according to
Nunes).10–12 Careful analysis of the lesion is important so
that cancers are not missed due to morphologic overlap
(Figure 6.15). Similarly, nonenhancing masses are also
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A B

C

Figure 6.15. (A–C) Invasive carcinomas appearing as possible fibroadenomas. Note lobular shape and smooth margins in all cases.

likely benign fibroadenomas that have a high hyaline
content (Figure 6.16). Other benign lesions include an
inflammatory cyst that enhances peripherally (Figure 6.17)
and benign fat necrosis (Figure 6.18) that can exhibit rim
enhancement with central low signal indicating fatty
content. These latter two lesions should be recognized as
potential pitfalls in interpretation of rim-enhancing

lesions. The cyst can generally be identified on a T2-
weighted image and fat necrosis can often be recognized
based on the patient’s history and mammographic findings.
It may be helpful to include a non–fat-suppressed
sequence to assess the central fat content in cases of fat
necrosis.
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A B

C

Figure 6.16. Nonenhancing mass. Hyalinized fibroadenoma. (A) Precontrast. (B) Postcontrast. (C) Subtraction.
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A

B

Figure 6.17. (A and B) Inflammatory cysts (arrows) in two patients.
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A B

C

Figure 6.18. (A–C) Fat necrosis following surgery.

5.4. Nonmass Enhancement

If the enhancement is neither a focus nor mass, then it 
is classified as nonmass-like enhancement. Nonmass
enhancement is classified according to the distribution of
the enhancement and can be described as linear-ductal,
linear-nonspecific, regional, segmental, or diffuse. Linear

enhancement most often is related to the ductal system
(Figure 6.19) although can be seen with nonductal pathol-
ogy (Figure 6.20). Ductal enhancement corresponds to one
or more ducts in orientation and is suspicious for DCIS
(Figure 6.21). Ductal-nonspecific would not follow this
pattern and is less suspicious for malignancy (Figure 6.22).
Segmental refers to enhancement that is triangular in
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A B

C

Figure 6.19. Ductal enhancement in DCIS. (A) Segmental ductal branching. (B) Maximum intensity projection image of 
segmental ductal enhancement. (C) Linear irregular enhancement.
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A B

Figure 6.20. (A and B) Linear enhancement in scars (arrow) following surgery in two patients.

A B

Figure 6.21. (A–C) Ductal enhancement representing DCIS in two patients.
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C

Figure 6.21. (Continued)

Figure 6.22. MIP demonstrating linear enhancement in scar (arrow).
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A B

C

Figure 6.23. (A–C) Segmental enhancement representing DCIS in three patients. (C) Maximum intensity projection.

shape with the apex at the nipple and is suspicious for
DCIS within a single branching duct system (Figure 6.23).
Regional enhancement is enhancement that does not cor-
respond to a single duct system, however, may be within
multiple ducts (Figure 6.24).

Linear enhancement can be further described as smooth,
irregular, or clumped. As with smooth masses, smooth

linear enhancement is suggestive of a benign process. Irreg-
ular enhancement refers to any nonsmooth enhancement
and may be continuous or discontinuous (Figure 6.25).
Clumped enhancement refers to an aggregate of enhanc-
ing masses or foci that may be confluent in a cobblestone
pattern (Figure 6.26). Linear enhancement is suggestive of
DCIS, especially if clumped or irregular (Figure 6.27).
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Figure 6.24. MIP demonstrating regional enhancement in
DCIS.

A B

Figure 6.25. (A and B) Ductal enhancement in DCIS.

Segmental, regional, or diffuse enhancement can be fur-
ther described as homogeneous, heterogeneous-stippled/
punctate, clumped, septal/dendritic, or non specific. Stip-
pled refers to multiple, often innumerable punctate foci

that are approximately 1 to 2mm in size and appear scat-
tered throughout an area of the breast that does not
conform usually to a duct system (Figure 6.28). Stippled
enhancement is more characteristic of benign normal
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A B

Figure 6.26. (A–C) Clumped enhancement in three patients representing DCIS.

C

variant parenchymal enhancement or fibrocystic changes.
Regional enhancement and diffuse enhancement are more
characteristic of benign disease such as proliferative
changes, although multicentric DCIS may have this

appearance (Figure 6.29). Other findings that may be
present are listed in Table 6.1 and are demonstrated
(Figures 6.30–6.41).
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Figure 6.27. Linear clumped enhancement in DCIS.

A B

Figure 6.28. (A–D) Examples of stippled enhancement.
(Continued)
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C D

Figure 6.28. (Continued)

A B

Figure 6.29. (A and B) Regional enhancement in two cases of DCIS.
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Figure 6.30. Nipple retraction due to underlying invasive lobular
carcinoma. Note axillary adenopathy.

Figure 6.31. Nipple invasion. Subareolar invasive ductal 
carcinoma.

Figure 6.32. Duct ectasia. High signal in mildly dilated ducts in
a segmental distribution on precontrast images.

Figure 6.33. Focal skin thickening. Status postsurgery and radi-
ation therapy. Note absence of enhancement in skin.
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Figure 6.34. Diffuse skin thickening with enhancement. Inflam-
matory breast carcinoma. Note reticular dendritic pattern of
enhancement in the breast.

Figure 6.35. Focal skin invasion. Underlying inflammatory 
carcinoma involving upper breast.

Figure 6.36. Locally advanced breast carcinoma with axillary
adenopathy.

Figure 6.37. Axillary adenopathy.
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Figure 6.38. Chest wall invasion. Note dominant carcinoma in lower breast. Posterior satellite lesion invades intercostal muscle.

Figure 6.39. Hematoma. (A) Precontrast image demonstrates high signal intensity of postoperative hematoma following surgery.
(B) Note thin rim of enhancement around hematoma cavity representing immediate postoperative changes.

A B
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A B

Figure 6.41. Examples of cysts. (A) T2-weighted image demonstrating demonstrated numerous high signal cysts. (B) Precontrast 
T1-weighted image demonstrates several high signal cysts that have hemorrhagic or proteinaceous content.

Figure 6.40. Abnormal signal void from a metallic clip placed during stereotactic biopsy. Note residual clumped enhancement around
the clip indicating residual DCIS.



6. Value of T2

False-positive biopsy results may be decreased by in-
corporating information from the T2-weighted images.
Cysts, lymph nodes, and certain types of fibroadenomas
(myxomatous) are high in signal on T2-weighted images.
Although breast adenocarcinomas are generally not high
in signal on T2-weighted images, mucinous carcinomas can
exhibit high signal and enhance little. Similarly, necrotic
tumors may exhibit high signal. However, if the lesion is
high in signal on T2-weighted imaging it is more likely to
be benign than malignant.

Cysts that are inflammatory and exhibit thin peripheral
rim enhancement can be a diagnostic dilemma that is easily
solved by referring to the T2-weighted images to confirm
the presence of a high signal cyst. Similarly, kinetic uptake
of contrast in lymph nodes can mimic breast cancer by
exhibiting rapid uptake and early washout. However, if one
is able to see a high signal mass on T2 that has morphol-
ogy suggestive of a lymph node (smooth borders and 
reniform in shape) a biopsy may be avoided. High 
cellular fibroadenomas can also be confirmed by assessing
the morphological pattern and confirming the high T2
signal.

7. Kinetics

Enhancement kinetics are particularly helpful if the lesion
has a benign morphologic appearance. Any suspicious
morphologic feature should prompt biopsy and kinetic
analysis in these cases, while interesting, is not necessary,
as the decision to biopsy has already been made. However,
in the case of a well-defined mass that could quite possi-
bly be benign, enhancement kinetic data may help one
decide whether biopsy is required or whether it is safe to
recommend follow up of the lesion.

To perform kinetic analysis, high temporal resolution is
required so that multiple acquisitions can be obtained after
the intravenous contrast bolus. In general, the time per
sequential acquisition should be under 2min.

Kinetic techniques analyze the enhancement rate of a
lesion by manually placing a region of interest (ROI) over
the most intensely enhancing area of the lesion. The signal
intensity in the region of interest is then plotted over time.
Clearly, the more acquisitions obtained after intravenous
contrast administration, the more points on the curve.
Additionally, the faster the acquisition, the more potential
information obtained about the curve. If multiple ROIs are
placed, the most suspicious curve should be reported. The
ROI size should be >3 pixels. Signal intensity (SI) increase
is measured relative to the baseline signal intensity value.

Three general types of curves are noted that rely less on
the absolute value of the enhancement than on the shape
of the enhancement curve.13,14 A type I curve is continuous

enhancement increasing with time.A type II curve reaches
a plateau phase where maximum signal intensity is reached
approximately 2 to 3min after injection and the signal
intensity remains constant at this level. Type III is a
washout curve where there has been a decrease in signal
intensity after peak enhancement has been reached within
2 to 3min.

Benign lesions follow a type I curve and malignant
lesions follow a type III curve. A type II curve can be seen
with both benign and malignant lesions. As with morpho-
logic analysis, malignant lesions can exhibit benign kinet-
ics and vice versa.

8. Suggested Algorithm 
for Interpretation

An approach to breast MRI interpretation is outlined here
(Figure 6.42). Initial evaluation of T2-weighted images is
performed to determine if high signal masses, such as cysts,
lymph nodes, or myxoid fibroadenomas, are present.
Evaluation of the nonenhanced T1-weighted images 
documents the presence of high signal hemorrhagic or 
proteinaceous cysts as well as high signal within dilated
ducts. The postcontrast T1-weighted images demonstrate
the presence of any enhancing masses or nonmass-like
areas of enhancement. Morphologic analysis of the 
architectural features of a mass would then determine 
if the margins are irregular or spiculated, findings that 
would be highly suggestive of malignancy. At this point,
biopsy would be recommended. A search for the mass 
by ultrasound may be helpful to allow percutaneous
biopsy.

If the mass demonstrates smooth margins and rim
enhancement, as rim enhancement is highly predictive of
malignancy, biopsy would be recommended as well, once
the false-positive causes of rim enhancement, such as
inflamed cyst and fat necrosis, have been excluded. Simi-
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Figure 6.42. Algorithm for interpretation.



larly, ductal enhancement that is irregular or clumped will
be suspicious for DCIS and biopsy will generally result
from this finding.

If, however, the mass is homogeneously enhancing and
demonstrates smooth borders, possibly representing a
benign finding, kinetic analysis case can be extremely
helpful. Kinetics can determine whether this is indeed
likely benign (type I curve) or possibly malignant (type II
or III curve), prompting biopsy. Because a homogeneously
enhancing smooth mass with a type I or II curve has been
reported in some malignant lesions, short-term follow up
in 6 months may be advisable, if this combination of find-
ings is found to document benignity.

For areas of nonmass-like enhancement, kinetic analysis
may be helpful regional enhancement can be found in both
benign and malignant breast pathology, such as prolifera-
tive changes and DCIS. Kinetic curves may have little use
in stippled enhancement, as the tiny foci of enhancement
are likely too small for accurate placement of an ROI.

8. Conclusion

The current definitive lexicon for breast MRI incorporates
both morphologic and kinetic features of lesions identified
on breast MRI. This chapter introduces this material and
should not be used as a definitive breast MRI lexicon. It is
hoped that terms and concepts presented here will serve
as a template to which future lexicon terminology can be
added.
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1. Pathophysiological Basis of Dynamic
Contrast-Enhanced Breast Magnetic
Resonance Imaging

The pathophysiological basis of lesion contrast enhance-
ment in breast magnetic resonance imaging (MRI) has not
been fully elucidated yet, but some fundamental facts are
known that should help in understanding the technique’s
specific strengths and weaknesses in terms of lesion detec-
tion and differential diagnosis.

It is a well-established fact that malignant lesions release
angiogenic factors [e.g., vascular endothelial growth factor
(VEGF)] that induce sprouting and growth of preexisting
capillaries and induce the de novo formation of new
vessels.1–5 As revealed by histologic and electron micro-
scopic studies, these capillaries exhibit a pathologic vessel
wall architecture, with leaky endothelial linings. Therefore,
the effect of angiogenic activity is twofold: there is an
increased vascularity (vessel density), leading to a focally
increased inflow of contrast material, plus an increased
vessel permeability, leading to an accelerated extravasa-
tion of contrast material at the site of a tumor. Because the
regular capillary architecture is lost, arteriovenous shunts
are another hallmark of tumor-induced angiogenesis,
leading to perfusion shortcuts.

It is currently unclear, however, what exactly determines
the degree of contrast material enhancement seen on the
MRI. Many studies have been published correlating vessel
density with signal intensity changes. The results are con-
tradictory; what can be stated thus far is that vessel density
itself cannot be the only contributor.4,6–17 A possible reason
for the inconsistent correlation between MRI-detected
enhancement and vessel density or prognostic factors is
the fact that the gadolinium-induced signal intensity
increase in T1-weighted MRIs is not exactly proportional
to the concentration of contrast material that accumulates
in a lesion [unlike, e.g., in iodinated contrast agent
enhanced computed tomographic (CT) imaging in which

there is a direct correlation between contrast agent con-
centration and Hounsfield units]. In MRI, lesion enhance-
ment is determined by a variety of contributing factors,
including vessel permeability, but also contrast material
diffusion rates, composition of the interstitial tumor
matrix, and baseline and postcontrast tissue T1 relaxation
times.There have been attempts to measure baseline tissue
T1 relaxation times to help account for these confounding
factors, but this has not gained broad clinical acceptance,
and it is unclear as to whether it actually improves differ-
ential diagnosis of enhancing lesions. Because signal 
intensity in susceptibility-based T2*-weighted first-pass
perfusion imaging is more directly related to the concen-
tration of gadolinium chelates and, thus, to vessel density
and vessel permeability, it has been suggested to use this
technique as adjunct to regular T1-weighted dynamic
imaging to improve differential diagnosis of enhancing
lesions.18–20 Also, macromolecular contrast agents may
allow a more close correlation between enhancement 
rates and microvascular density and capillary permeabil-
ity.16,17,21–23

What is even more problematic from the clinical radiol-
ogist’s perspective is the fact that a locally increased 
vascularity and/or capillary permeability is by no means
specific for malignant tissues: Almost all benign neoplastic
lesions, and many benign nonneoplastic states, go along
with a significant hypervascularity or hyperemia.24–29

Accordingly, contrast enhancement per se or even strong
and rapid contrast enhancement is not a feature that is
reserved for malignant lesions. Vice versa, a low vascular
density can also be found in some malignant changes.
Although a nonenhancing invasive breast cancer is so rare
that this finding is even worth a case report,30 tumors with
only shallow enhancement do occur in up to 10% of cases,
notably in true lobular-invasive cancers31–33 and in the 
scirrhotic or desmoplastic type of ductal-invasive breast
cancer. Based on histochemical studies it is now assumed
that the entire process of angiogenesis differs in these
types of breast cancers; there is evidence that in 
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lobular-invasive cancers, angiogenesis is mediated by
angiogenic factors other than VEGF.19 Some well-
differentiated invasive cancers (e.g., the tubular type) may
go without a significant degree of angiogenesis as well.
Moreover, an interaction between tumor cells with the
adjacent stroma is not necessarily found in in situ cancers.
So while a certain degree of angiogenic activity seems to
be a prerequisite for tissue invasion, and, thus, is closely
associated with malignant growth, this is not necessarily to
be expected for ductal carcinoma in situ (DCIS). Accord-
ingly, contrast enhancement of DCIS can be predicted to
vary even more than that of invasive cancers.34,35

These pathophysiologic facts explain already that vas-
cularity, and, hence, contrast enhancement, patterns can
vary, such that a clear-cut differential diagnosis based on
contrast enhancement should prove impossible. It is quite
evident that contrast enhancement itself cannot be more
specific or more sensitive than the biological (or patho-
physiologic) basis it stands for: hypervascularity, or lack
thereof, is not pathognomonic for malignant, or benign,
lesions. Yet, suprisingly enough, the differential diagnostic
power of evaluating lesion contrast enhancement is some-
what better than one might expect given the nonspecific
distribution of vessel densities among benign and malig-
nant lesions.The explanation for this phenomenon is prob-
ably the fact that it is not the mere number of vessels, but
rather the entirety of vessel architecture, permeability, and
tissue relaxation times that determines contrast enhance-
ment, and, thus, differential diagnosis in dynamic breast
MRI.

2. Technical Issues

2.1. How It All Evolved

After the introduction of gadolinium dimeglumine as MRI
contrast agent, many different approaches have been
developed for MRI of the breast; they are mentioned here,
because, as always, knowledge of past history helps with
the understanding of present controversies. Heywang and
coworkers were the first to use gadolinium dimeglumine
for MRI of the breast.36 They reported strong contrast
enhancement of breast cancers, whereas the normal
parenchyma exhibited only weak (if any) enhancement.
Heywang suggested a technique that, today, would be
called a semi-dynamic acquisition: She acquired one pre-
contrast and two postcontrast image stacks; the main
reason for obtaining the second postcontrast stack was to
ensure detection of lesions with delayed enhancement that
may have been missed on the first postcontrast image.
Imaging was performed with limited temporal and (with
respect to the scanner technology that was available at that

time) relatively high spatial resolution. Because temporal
resolution was not the main focus, a three-dimensional
(3D) gradient echo technique could be applied.

The approach launched by Kaiser and coworkers was
designed to track the rapid signal intensity changes that
occur in the early postcontrast period.37 The technique they
proposed could be called the archetype of dynamic breast
MRI: They suggested acquiring one precontrast and a
series of postcontrast image stacks including both breasts
at the highest possible temporal resolution that was
achievable at that time (60s). Rapid imaging at that time
allowed only a limited spatial resolution, and acquisition
of only a small number of sections (5–10), such that only a
part (not even half) of the parenchymal volume was
covered. Because rapid imaging was necessary, image 
subtraction was used to suppress the signal from fatty
tissues, rather than applying time-consuming active fat-
suppression techniques.

Harms and coworkers’ concept38 was based on the well-
established fact that malignant lesions exhibit characteris-
tic morphologic features that allow a distinction from
benign lesions. To improve analysis of subtle morphologic
details, they advocated a technique that may represent the
archetype of static breast imaging: They suggested imaging
of one single breast with high spatial resolution before and
after contrast material injection. Because temporal resolu-
tion was no issue in this approach, 3D gradient echo
imaging was used, and fat suppression ensued by means of
(rather time consuming) spectral prepulses.

The two fundamental schools that evolved (and that
were also separated geographically) were the dynamic
school and the static school. The dynamic school (most
popular in European countries) attempted to distinguish
benign and malignant lesions by their enhancement char-
acteristics at high temporal resolution (classically 60s per
dynamic scan); usually, both breasts were imaged in the
axial or coronal plane, with limited in-plane resolution. On
the other end, the static school (most popular in the United
States) attempted lesion classification by evaluating mor-
phologic features of enhancing lesions at high spatial res-
olution; usually, only one breast was imaged at a time in
the sagittal plane. Due to the severe technical constraints,
particularly during early breast MRI, it was necessary to
choose between either temporal or spatial resolution, just
depending on the diagnostic criterion that was given pri-
ority.

The different approaches are a mere reflection of the
fact that breast MRI is technically extremely challenging;
the diverging demands of an optimal temporal and spatial
resolution for the detection and classification of enhancing
lesions can hardly be met with today’s equipment. Because
researchers had to cope with the technical shortcomings of
their respective equipment, they started doing breast MRI
at the two ends of the spectrum of imaging techniques that
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are suitable for breast MRI. It is important to understand
that these different approaches must not be misunderstood
as being contradictory or as being competitors for the ulti-
mate truth; they have to be understood within the clinical
and technical context of the time when they were written
and published.

2.2. Where We Are Today

Today, owing to the technical progress that has been made,
it is possible to integrate these demands rather than com-
promising on one or the other.Therefore, modern concepts
of breast MRI strive to consider both lesion morphology
and contrast enhancement kinetics.26,39–45 As a conse-
quence, today, there is considerable agreement in terms of
what constitutes an appropriate pulse sequence for breast
MRI:

• A useful pulse sequence for dynamic breast MRI must
offer an appropriate temporal resolution, not only to
enable the analysis of enhancement kinetics, but also to
improve the delineation and assessment of marginal
status of enhancing lesions: Only in the early arterial
phase, an optimal lesion-versus-parenchyma contrast is
obtained. Already by the third postcontrast minute, the
rapidly diffusable gadolinium chelates lead to a signal
loss (washout) in the cancers and a progressive enhance-
ment of the adjacent normal glandular tissue. This
reduces the contrast between the lesion and the sur-
rounding parenchyma, and often enough, the contrast is
entirely cancelled out by the fourth postcontrast minute
(Figure 7.1). So for the assessment of morphologic
details, early postcontrast imaging is necessary. In addi-
tion, it has been repeatedly shown that only after the first
postcontrast minute the enhancement rates of benign
and malignant lesions differ significantly,46 whereas this
difference is already cancelled out in the second or third
postcontrast minute.

• A dynamic breast MRI protocol must offer appropriate
spatial resolution; however, it is difficult to tell what
exactly is appropriate. A simple rule of thumb applies:
The more, the better [provided sufficient overall signal-
to-noise ratio (SNR)].

• A dynamic breast MRI protocol must cover the entire
volume of the fibroglandular tissue of (preferably) both
breasts.

• Because bilateral imaging requires a large field of view
(FOV), homogeneous fat suppression via active fat sat-
uration techniques is difficult to achieve; usually, it is
unreliable. Also, active fat suppression usually needs
extra acquisition time, which would mean an additional
burden for the temporal-versus-spatial trade off.
Accordingly, fat suppression in bilateral dynamic breast
MRI is usually achieved by image subtraction.

3. Choice of Pulse Sequences

3.1. What Types of Pulse Sequences 
Are Suitable?

For dynamic imaging, both two-dimensional (2D) and 
3D gradient echo acquisition schemes are suitable (2D in
this context means multislice 2D, i.e., all sections are
acquired at the same time as one stack). Fast or Turbo gra-
dient echo imaging has not been advocated for breast
MRI. Similarly, EPI pulse sequences are considered not
appropriate for dynamic breast imaging, because the accu-
mulation of phase errors may cause significant artifacts;
they have been successfully used for ultrafast dynamic
imaging, but they are usually not suitable for morphologic
analysis. It is questionable whether the strong susceptibil-
ity effects associated with echo planar imaging (EPI)
acquisition would interfere with the detection and mor-
phologic assessment of small lesions that are embedded in
fatty tissue.

A good T1 contrast (T1-weightening) of the pulse
sequence is important to fully exploit the effects of 
contrast agents. As the echo times (TEs) are more or 
less given by field-dependent in-phase settings of fat and
water resonance frequencies, improving the sequences’ 
T1 contrast is only possible by reducing the repetition 
time (TR). The flip angle has then to be adapted to the 
TR; in general, it must be set smaller with shorter TRs.
When compared with 2D gradient echo, 3D pulse
sequences offer an inherently better T1 contrast (mainly
due to their substantially shorter TRs) and a higher SNR,
which can be traded for improving spatial resolution 
(in particular thinner section thickness) compared with 
2D imaging. And yet, in spite of the obvious technical
advantages of 3D imaging, we stick to using 2D gradient
echo for our dynamic series. This is because we found that
3D imaging suffers significantly more from image degra-
dation due to all kinds of artifacts (pulsation, susceptibil-
ity, ghosting), and it rather exaggerates enhancement
associated with benign proliferative changes (focal adeno-
sis). Two-dimensional gradient echo is a more stable pulse
sequence that offers a calm background and excellent
image quality, and with conservative enhancement com-
pared with 3D.

3.2. Some Aspects Regarding Choice of
Repitition Time

In general, TR should be as short as possibly achievable; it
should be lower than 300 to 350ms in 2D pulse sequences;
in 3D,TR is already inherently short (10–20ms). One prob-
lematic side effect is that in 2D imaging, the TR increases
in direct proportion to the number of sections of a given
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dynamic scan. So the upper TR limit of 350ms also sets the
upper limit for the number of sections that can be acquired
during one dynamic scan; usually, not more than 35 sec-
tions can be accommodated in a TR of 300 to 350ms. With

thin sections (e.g., 3mm), this translates into a cranio-
caudal coverage of 35 ¥ 3mm = 105mm, which is usually
just sufficient to cover the entire breast parenchyma in the
cranio-caudal direction. To help avoid missing any

A B

Figure 7.1. Impact of temporal resolution of a dynamic series.
(A–F) First through sixth postcontrast subtracted image through
a dynamic series in a 49-year-old patient with duct-invasive breast
cancer in her left breast. Note the strong washout of contrast
agent in the cancer, leading to a SI decrease in the postinitial and
late postcontrast phase compared with the first postcontrast

image (A). Note the progressive enhancement of the normal
fibroglandular tissue around the cancer. Note that visibility of the
lesion decreases over the dynamic series: Lesion delineation is
best during the early postcontrast phase and is almost cancelled
out in the third postcontrast minute.



parenchyma by the dynamic stack, we acquire an extensive
set of localizer images that help locate the position and the
spatial extent of the parenchymal volume. The radiology
technologists are specifically trained to position the
dynamic stack exactly matching the (often angulated) posi-
tion of the parenchyma; if there is doubt, one dynamic scan
is run (i.e., 2min are invested) to check and make sure that
all parenchyma is included.

3.3. What to Know About Echo Time

Regarding echo times, TE should be chosen to match the
field strength specific in-phase echo time settings: This is
less important, but still recommended for pulse sequences
with active fat suppression (fat saturation) techniques as
well. In phase echo time is referred to as the time point at
which both fat and water spins have the same position in
space, that is, they rotate in phase. This is important,
because failure to adhere to in-phase echo times will cause
signal cancellations at fat/water tissue interfaces. In phase
echo time is 4.6ms at 1.5 Tesla (T), 2.3ms at 3.0T, 6.9ms at
1.0T, and 13.8ms for 0.5T. Because 13.8ms is a very long
TE that is long enough to slow down acquisition speed at
0.5T, an alternative is to use a TE of 3.0ms, which goes
along with an acceptably small phase difference between
fat and water.47,48

3.4. Temporal Resolution: How Fast Is 
Fast Enough?

Regarding temporal resolution, ideally, it should be kept
at about 60s per dynamic acquisition, but up to 120s per
dynamic seem acceptable. Reducing acquisition time
further, that is, improving temporal resolution further
below 60-s timeline will probably not offer additional
kinetic information if no pharmacokinetic analysis is
attempted and is, in our view, unnecessary.We strongly rec-
ommend setting the temporal resolution somewhere
between 60 and 120s, and invest all remaining MRI system
resources into spatial resolution.

3.5. Spatial Resolution

Spatial resolution should be as high as possibly achievable
within 60 to 120s. Unlike temporal resolution (in which a
further increase beyond the 60-s limit would not bring
about additional diagnostic information), improving
spatial resolution will always be advantageous (provided
acceptable SNR levels are maintained). For a bilateral
approach, that is, FOV of about 350mm, an imaging matrix
of at least 400 ¥ 512 should be used. The section thickness
should not exceed 3mm; 1 to 2mm would be ideal, but with
2D imaging, such a small section thickness is virtually not
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achievable due to SNR limitations. No gap between sec-
tions should be used; this holds true both for 2D and 3D.
With a 405 ¥ 512 imaging matrix and a FOV of 320mm, the
noninterpolated in-plane spatial resolution is 0.6 ¥ 0.8mm,
which is equivalent to many high resolution unilateral pro-
tocols.38,39,49–51 Single breast imaging does not necessarily
always offer higher spatial resolution than bilateral proto-
cols; you need to compare the actual, noninterpolated pixel
sizes to find out.

3.6. What Imaging Plane Is Preferable?

Regarding the imaging plane orientation for bilateral
breast MRI, it is not feasible to cover both breasts in the
sagittal orientation with current pulse sequence technol-
ogy. Emerging imaging technologies such as VIBRANT,
which is based on parallel imaging techniques, may change
this in the next future, but so far, the only option for bilat-
eral imaging is axial or coronal.

There are certain advantages and disadvantages for both
planes: The advantage of a coronal orientation is that one
can use a rectangular FOV of approximately 60%, which
translates into an immediate 60% reduction of the acqui-
sition time. Therefore, this pulse sequence may be useful
for 1.0T systems where, due to the relatively long in-phase
echo time of almost 7ms, temporal resolution is even more
difficult to achieve. However, it usually takes more sections
to cover the breast in the anterior-posterior (AP) direction
(i.e., coronal imaging) compared with the cranio-caudad
(CC) direction (i.e., axial imaging), such that the eventual
gain in acquisition speed will not be as high.

The disadvantage of coronal imaging is the fact that
most of the blood vessels travel in the AP plane, such that
it may become difficult to distinguish a focal lesion from 

a cross-section of a vessel; often enough, maximum 
intensity projection (MIP) reconstructions are necessary 
to distinguish vessels from lesions. With axial imaging,
vessels travel in plane, so that they are easily identified as
such.

Another aspect is the following: Breathing motions
occur mostly in the AP plane, that is, tangentially, through-
plane for coronal imaging. During in- and expiration, the
patient dives in and out a given coronal section. This goes
along with circular subtraction artifacts that are difficult to
interpret and handle.With axial imaging, breathing motion
and gross patient motion (which occurs mostly in the left-
right direction) will rather stay within the imaging plane of
a given section. Therefore, a lesion tends to be displaced
within a given section, as opposed to being displaced
through plane with coronal imaging. This is important,
because a lesion that is displaced in-plane is usually still
amenable to kinetic analysis (based on analysis of non-
subtracted images), whereas this is virtually impossible for
a lesion that moves through plane.

One last disadvantage of coronal imaging is the fact that
some key anatomic structures for breast imaging are cut
through-plane: the nipple and the chest wall. Nipple and
chest wall invasion are important clinical contraindications
for breast conservation, therefore, an accurate assessment
is very important.Axial imaging provides in-plane imaging
of these structures, thus facilitating the analysis.

3.7. How We Do It

The dynamic imaging protocol used at our institution may
serve as an example for a pulse sequence that strives to
offer a good compromise between spatial and temporal
resolution (Figure 7.2): It is a 2D multislice gradient echo
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Figure 7.2. The University of Bonn Dynamic Breast MRI Protocol in a patient with multicentric duct-invasive cancer of the right
breast. (A) Precontrast, (B) first postcontrast.
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Figure 7.2. (Continued) (C) First postcontrast subtracted, (D)
T2-weighted TSE image, (E) subtracted image with ROI, and (F)
signal intensity time course. This is a T1-weighted 2D multislice
gradient echo series, TR/TE/FA 290ms/4.6ms/90°; 405 ¥ 512
imaging matrix over a 350FOV, 3-mm section thickness, 110s
acquisition time per dynamic frame, one precontrast and four

C D

E

F

series in the axial orientation, with TR/TE/FA (facet angle)
of 300/4.6/90°, a 405 ¥ 512 imaging matrix, a receiver band-
width of 180Hz, a field of view of 290 to 310mm, a section
thickness of 3mm or less (depending on the size of the
breast), no gap, with 33 sections; temporal resolution is 1:
55s per dynamic stack. One set of images is acquired
before contrast, and another four image stacks after 
bolus intravenous injection (injection rate of 3mL/s) of 

0.1mmol/kg gadolinium dimeglumine, followed by a saline
flush of at least 20cc. In addition, we would always acquire
non–fat-saturated T2-weighted tissue skin electron beam
(TSE) images with identical geometric features as the T1-
weighted dynamic series, and in particular with very high
spatial resolution. This is because T2 TSE images help 
classify rapidly enhancing lesions (differential diagnosis
myxoid fibroadenoma versus breast cancer).52

postcontrast frames (one postcontrast is displayed); fat suppres-
sion by subtraction. Note the high anatomic detail, the high “arte-
rial phase” contrast between the enhancing lesions and adjacent
normal fibroglandular tissue, and the clear washout time course
in the kinetic assessment.



4. Generating the Source Data for
Kinetic Analysis: Region of 
Interest Placement

In order to evaluate the enhancement pattern of a lesion,
a region of interest (ROI) is placed selectively into the
enhancing lesion, carefully avoiding inclusion of nonen-
hancing tissue. The emerging quantitative signal intensity
(SI) values are used to plot the SI time course. Most MRI
systems offer the possibility to manually draw ROI in the
images of the dynamic series.

There are some important issues to remember: The 
goal is to identify the part of the lesion with strongest 
and fastest enhancement and to place the ROI selectively
into this area. The goal is not to obtain an average of 
the tumor, but to obtain enhancement kinetics of the most
vital tumor parts, because only these ones yield meaning-
ful information, that is, information that is useful for dif-
ferential diagnosis.53 There is some disagreement in this
aspect, because there are authors who suggest encircling

the entire lesion,46,54,55 because they have made the experi-
ence that with broader or more selective ROI placement,
enhancement rates of benign and malignant lesions will
decrease or increase to the same degree, with the relative
difference between them preserved. However, while the
assessment of enhancement rates does not suffer from
encircling ROIs, the shape of the signal time course (signal
intensity behavior in the postinitial and late postcontrast-
phase) does change with broader ROIs. Specifically, a
washout will only be observable with selective ROIs;
with encircling ROIs, the washout will be changed toward
less suspicious curve types such as plateau or even a per-
sistent enhancement (Figure 7.3). To achieve a selective
ROI placement, the following guidelines should be
observed:

• It is necessary to identify the area where enhancement
starts first; therefore, one should use the very first post-
contrast scan for ROI positioning. One should use very
wide window settings on the subtracted or nonsub-
tracted images, because with narrow windowing, the
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Figure 7.3. Impact of ROI placement on the kinetic assessment. (A) Precontrast, (B) first postcontrast, (C) first postcontrast sub-
tracted image in a 53-year-old patient with tubular cancer in her right breast.
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Figure 7.3. (Continued) (D–F) Kinetic analysis with an appro-
priately sized and correctly positioned ROI. Note the small size
of the ROI, which selectively encloses strongly enhancing parts
of the lesion. Note the characteristic “malignant” time course
(washout phenomenon in the corresponding signal time course

G

F

H

I

in E). Note the strong and fast contrast enhancement, yielding a
washin rate of 153% in F. (G–I) Kinetic analysis with an inap-
propriate ROI, which encircles the entire lesion. Note that the
same lesion exhibits a “benign” time course (persistent type in
H). Note the substantially lower washin rate of 63% in I.

entire lesion will have seemingly the same signal inten-
sity, even if there are significant differences regarding
enhancement within the lesion.

• It is important to use small ROIs (which include only 2
or 3 pixels in small lesions). This is necessary to sample
selectively the part of the lesion that shows strongest
enhancement; many enhancing lesions, and in particular
breast cancers, are heterogeneous regarding their inter-

nal enhancement. If the entire lesion is encircled by an
ROI, rapidly enhancing (presumably vital) tumor parts
are averaged together with slowly enhancing (nonvital,
fibrotic or necrotic) tumor parts. Usually, strongest
enhancement and, more importantly, areas with positive
washout phenomenon are found only in the peripheral
parts of the lesion, corresponding to the vital, invading
parts of the tumor.

E



• It is important to make sure that the ROI is within 
the lesion in during the entire dynamic series; if the
patient moves, it is possible that the lesion moves out 
of the ROI, which can produce fake “washout”
phenomena once the nonenhancing, normal paren-
chyma is at the site where the lesion was before. The
position of the breast with respect to the ROI position
on all dynamic images should be checked. If the breast
moves out of the ROI, the emerging data cannot be used
for diagnosis.

• Whether the ROI actually includes an enhancing 
lesion, and not a vessel next to a lesion, should be 
carefully checked. This can best be achieved by gener-
ating MPR or MIP images, or by viewing the adjacent
sections.

There is dedicated software available that helps with the
task of ROI placement, for example, by generating para-
metric maps in which the areas with fastest enhancement
are color coded.

5. Analysis of Enhancement Kinetics

Considering the contrast enhancement pattern during the
dynamic series, three different phases can be distinguished
(Figure 7.4): (1) The early phase (between contrast injec-
tion and the second postcontrast minute), (2) the postini-
tial phase (3rd to 4th postcontrast minute), and (3) the late
phase (later than the 4th postcontrast minute). The kinetic
criteria that relate to the different phases are as follows:

5.1. Criteria Relating to the Early Postcontrast
Phase

In the early postcontrast phase, washin rates (or enhance-
ment velocities) are quantified using the following 
equation:

[SIpostcontrast - SIprecontrast / SIprecontrast] - 100

where SIpostcontrast is the SI of the lesion in the first post-
contrastpostcontrast image (usually, 60–120s after injec-
tion), and SIprecontrast is the SI of the lesion before contrast.
This value provides the relative (percentage) SI increase
of a lesion that is reached within the early postcontrast
phase.

For diagnostic purposes, the enhancement rate is then
again classified into slow, intermediate, and fast; unfortu-
nately, there are no universally applicable definitions of the
three categories—any variation of pulse sequence para-
meters, but also field strength of the magnet, timing of con-
trast enhancement, start of the first postcontrast scan, and
vendor-related issues, will impact the actual enhancement

rates that are obtained. This means that for every MRI
system and every pulse sequence, the threshold between
what one would call rapid or slow enhancement needs to
be determined anew.A way to do this is by imaging a series
of known breast cancers, measure their enhancement (or
washin) rate, and use this as reference for fast enhance-
ment. With increasing experience, it will usually be possi-
ble to judge from the visual appearance of a lesion in the
first postcontrast image whether or not it qualifies for rapid
enhancement or not, thus avoiding time-consuming quan-
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Figure 7.4. Different phases of the signal time course of a
dynamic series and the respective kinetic criteria. We distinguish
three phases: (1) initial postcontrast phase (injection of contrast
agent until the second postcontrast minute), (2) postinitial phase
(second through third postcontrast minute), (3) late postcontrast
phase (4th through 8th postcontrast minute). In the initial post-
contrast phase, enhancement rates (washin rates) are calculated.
They correspond to relative enhancement within the first or
second postcontrast minute. For differential diagnostic purposes,
the quantitative data are classified as slow, intermediate, or fast.
In the postinitial and late postcontrast phase, the time course of
signal intensity is rated visually according to the following
scheme: Type Ia (“persistent enhancement”), enhancement 
continues over the entire dynamic series; the emerging curve 
is a (more or less) straight line. Peak enhancement is achieved in
the last postcontrast scan (and would probably be even later if
we acquired more dynamic scans). Type Ib (“persistent with
bowing”), enhancement continues over almost the entire
dynamic period, but the rate is slowed down during the late post-
contrast phase, resulting in a flattening (bowing) of the curve.
Peak enhancement is achieved during the late postcontrast phase,
and may plateau thereafter or show a very slow decline that starts
in the late postcontrast phase.Type II (“plateau curve”), enhance-
ment reaches a steady state after the initial phase. Accordingly,
peak enhancement is already reached directly after the early
phase, and there is not much SI variation during the intermedi-
ate and late postcontrast phases. Type III (“washout curve”),
enhancement decreases again directly after the strong signal
increase in the early phase. This means that peak enhancement
occurs in the first or second postcontrast scan, and already in the
third postcontrast image, SI is reduced again.



tification. This, however, requires that subtracted and non-
subtracted images are always hardcopied or viewed with
standardized and fixed window settings.

Many more kinetic features have been described that
relate to the early postcontrast phase. Examples are steep-
ness of slope and onset of enhancement. The latter is mea-
sured in seconds, with reference to the opacification of, for
example, the aorta.What is common to these criteria is that
they can only be evaluated in time resolved breast MRI
studies, where there are many dynamic scans (i.e., data
sampling points) during the early postcontrast phase, as
opposed to one (or a maximum of two) dynamic scans with
regular dynamic imaging. Because time-resolved studies
usually do not cover the entire parenchyma, or they do so
with a very limited in-plane spatial resolution,55–59 they did
not gain broad clinical acceptance, neither did the respec-
tive kinetic features.

5.2. Criteria Relating to the Postinitial and
Late Postcontrast Phase

While the SI changes in the early postcontrast phase are
usually quantified (percent signal change), those that occur
in the postinitial and late postcontrast phase are virtually
always evaluated qualitatively. This means that the time
course is evaluated by simply looking at the curves (SI vs.
time plots) and deciding whether, after the early phase, the
SI continues to increase, or stays the same (plateaus), or
decreases (washout).

Software is available that also quantifies the SI loss (if it
is present) relative to peak enhancement, or the time point
of peak enhancement, or the slope of the curve (with a neg-
ative slope in washout and a positive in progressively
enhancing lesions), or the washout rates, but these criteria
have not gained broad clinical acceptance, mainly because
they are again only obtainable with time-resolved imaging,
and, possibly, also because they do not add diagnostic
information from what is available by simply classifying
the curves according to the previously mentioned simple
pattern.

Regarding the visual analysis of lesion time course, one
way to classify the enhancement pattern in the postinitial
and late postcontrast phase is as follows53 (Figure 7.4):

• Type 1a (persistent enhancement) is a time course in
which enhancement continues over the entire dynamic
series; the emerging curve is a (more or less) straight
line. Peak enhancement is therefore achieved in the last
postcontrast scan (and would probably be even later if
we acquired more dynamic scans).

• Type 1b (persistent with bowing) is a time course in
which enhancement continues over almost the entire
dynamic period, but the rate is slowed down during the
late postcontrast phase, resulting in a flattening (bowing)
of the curve. Peak enhancement is achieved during the

late postcontrast phase, and may plateau thereafter or
show a very slow decline that starts in the late postcon-
trast phase.

• Type 2 (plateau curve) is a time course in which enhance-
ment reaches a steady state after the early phase.
Accordingly, peak enhancement is already reached
directly after the early phase, and there is not much SI
variation during the intermediate and late postcontrast
phases.

• Type 3 (washout curve) is a time course in which
enhancement decreases again directly after the early
phase. This means that peak enhancement occurs in the
first or second postcontrast scan, and already in the third
postcontrast image, SI is reduced again.

6. Pharmakokinetic Modeling

There are several scientific papers on using pharmakoki-
netic modeling of the signal time course data acquired
during the dynamic series.57–63 There is, however, no evi-
dence to suggest that pharmakokinetic modeling would
add diagnostic information beyond what is obtained with
the analysis of plain enhancement rates and visual assess-
ment of curve types. Also, most pharmakokinetic models
require very rapid sampling of SI data, thus again inter-
fering with the acquisition of image matrices that would
allow a state-of-the-art analysis of lesion morphologic fea-
tures. There are hardly any pharmakokinetic software
packages that are commercially available and ready for
clinical use. All in all, pharmakokinetic modeling is not
used on a broader clinical scale.

7. Understanding Published Literature:
Survivors and One-Hit Wonders 
of Kinetic Approaches

Many more dynamic approaches to image (and kinetics)
interpretation have been developed and published in the
literature. To help the reader understand the different 
ways to interpret the dynamic information, here is a
summary:

The oldest approach for quantification of lesion
enhancement was published by Heywang and cowork-
ers.36,64 They suggested quantification of a “normalized
enhancement ratio” by assessing the lesions’ signal inten-
sity relative to that of fatty tissue. The underlying concept
is that the SI of fatty tissue should not change after injec-
tion of contrast material, such that it can be used as inter-
nal reference. After analyzing normalized lesion signal
intensities (NU) in a cohort of 144 patients with benign
and malignant breast diseases, they proposed a classifica-
tion scheme that was based on lesion peak signal intensity
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increase. Accordingly, their approach to differential diag-
nosis would be based on the question: “How strongly does
the lesion enhance?” Using this criterion, they reported a
sensitivity of 100% (71/71), and specificity of 27% (20/73).
Once relatively popular, the concept of the normalized
units has meanwhile been largely replaced by calculating
early-phase enhancement (washin) rates (see following
discussion). The semidynamic pulse sequence has been
abandoned by the authors after more rapid 3D sequences
had become available. In a way, however, if one disregards
the kinetic modelling aspects, the 3TP method (3 time point
method) suggested by Degani and Fuman-Haran and
coworkers39,49 is based on a similar concept.

Kaiser and coworkers suggested a quantification of
lesion enhancement as well.37 However, they proposed to
normalize enhancement not with respect to the signal from
fatty tissue, but with respect to baseline lesion signal inten-
sity, according to the enhancement equation mentioned
previously. In a preliminary study of 25 patients, they found
that breast cancers exhibit higher enhancement rates,
causing a strong signal increase in the early postcontrast
period. For differential diagnosis, enhancement velocity
(relative SI increase per minute in the early postcontrast
period) was suggested. Kaiser found that malignant lesions
revealed an enhancement velocity beyond a threshold of
100% (i.e., doubling signal intensity within the first post-
contrast minute). Accordingly, the authors suggested
establishing the differential diagnosis based on the ques-
tion: “How fast does the lesion enhance in first postcon-
trast minute?” Using this approach in a preliminary series
of 25 patients, Kaiser reported a sensitivity of 100% (6/6).
Unfortunately, however, the authors failed to validate their
data in a larger series of patients. In several further review
articles that were published in the first half of the last
decade, Kaiser and coworkers stated that sensitivity and
specificity of their approach was 99% and 98%, respec-
tively. Notwithstanding the rather poor validation, this
imaging technique and its associated criteria have gained
considerable popularity. Stomper and coworkers, using the
same technique on a small series of patients, reported a
sensitivity of 92% (23/25), but achieved only a moderate
specificity (61%, 16/26). Currently, most of the clinical
papers on dynamic contrast-enhanced breast MRI use a
similar technique as the one proposed by Kaiser, albeit
with higher spatial resolution and with coverage of the
entire breast.

Boetes and coworkers suggested a dynamic technique
focusing on temporal resolution as well. They found that
differential diagnosis could be achieved by determining
the onset of lesion enhancement relative to the aortic
enhancement. Accordingly, their approach to differential
diagnosis would be based on the question:“When (relative
to the aorta) does the lesion start to enhance?” They used
an ultrafast imaging technique that sacrificed coverage of

the entire breast in favor of a single-section, ultrafast bilat-
eral image acquisition based on turbo gradient echo
sequences with a temporal resolution of 2.3s.56 In their
cohort, malignant lesions started to enhance 11.5s after
bolus arrival in the descending aorta, whereas benign
lesions showed a later onset. Using this criterion in 87
lesions, Boetes and colleagues achieved a sensitivity and
specificity of 95% (62/65) and 86% (19/22), respectively.
However, since then, this technique has not been used in
any further paper published by this or another group, sug-
gesting that the ultrafast single section technique is prob-
ably difficult to integrate into a clinical breast MRI
protocol. Also, Schorn and coworkers tried the same tech-
nique and the same diagnostic criteria on a series of 35
lesions (15 malignant, 20 benign). In their series,65 they
could not reproduce a statistically significant difference
concerning the progression of enhancement (centripetal,
centrifugal) or the onset of lesion enhancement for benign
and malignant lesions.

Fischer and coworkers and our group suggested that not
only the early postcontrast period, but also the intermedi-
ate and late postcontrast phase yields diagnostically useful
information24,53: Lesions with persistent signal intensity
increase (type 1a, 1b) were more likely to be benign,
whereas lesions with signal intensity plateau (type 2) or
with a washout (type 3) tended to be malignant. Accord-
ingly, this approach to differential diagnosis would be
based on the question:“What happens after the early post-
contrast phase?” Using this criterion, in a cohort of 266
contrast-enhancing lesions, qualitative evaluation of signal
intensity time courses alone (irrespective of other findings
related for example to enhancement rates or morphology)
yielded a sensitivity of 91% (92/101) and a specificity of
83% (137/164), suggesting that there is diagnostic infor-
mation inherent to time course analysis. It should go
without saying, however, that time course analysis should
not be used as a stand-alone criterion, but rather be
embedded into the process of differential diagnosis. The
assessment of curve types, in particular the use of a
washout as criterion for malignancy, has gained wide
acceptance and has been used in most of the recently pub-
lished clinical papers on dynamic contrast-enhanced breast
MRI.

All the different approaches mentioned previously 
were triggered by the experience that breast cancers do
exhibit contrast enhancement, but that many benign
lesions do so as well. Consequently, to improve lesion 
classification, it is necessary to assess additional lesion 
features. The many different ways to assess contrast
enhancement kinetics, and the various terms describing
kinetic parameters that have been listed should not be 
misunderstood as discrepancy or scientific inconsistency.
Rather, they stand for different ways to look at the same
phenomenon: The early, rapid, and strong signal intensity
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increase (and subsequent washout) that occurs in breast
cancers. Alike, the many different thresholds that have
been published to establish cut-off values for suspicious
enhancement should not be misunderstood as giving proof
of an inherent inconsistency of the dynamic approach: The
threshold values will vary greatly with the field strength,
pulse sequence, and timing of contrast material injection.
As such, they are not valid except for the particular tech-
nical setting and patient cohort in which and for which they
have been established.

8. How To Use Information Obtained
from Dynamic Data

Owing to the biologic and histologic heterogeneity of
breast lesions mentioned previously, it should be self-
explanatory that it is not possible to interpret dynamic
breast MRI studies by means of a simple enhancement 
cut-off value or threshold. To avoid false-negative deci-
sions, a threshold must be set at relatively moderate
enhancement values; however, myriad benign lesions 
will reach suprathreshold enhancement as well. In addi-
tion, some invasive and in particular intraductal breast
cancers (see following discussion) may go along with 
only moderate angiogenic activity and, thus, with only
moderate or shallow enhancement. So because there are
benign lesions with strong enhancement, and malignant
lesions with only moderate enhancement, dynamic data
(enhancement velocity, degree, or onset of enhancement
and so forth) must not be used as stand-alone diagnostic 
criterion. Instead, they should be integrated in the process
of differential diagnosis to expand (rather than narrow)
the armamentarium of differential diagnosis in breast
MRI.

8.1. How We Do It

For interpretation of dynamic breast MRIs, we first refer 
to the initial postcontrast image stack and search for 
lesions with significant (i.e., supraglandular) enhancement,
because lesions that appear at this phase are associated
with a significant probability of malignancy. Once such a
lesion is identified, we relate to its morphologic features.
We use the terminology presented in the MRI lexicon 
as published by the “lesion diagnosis working group.”66,67

Only thereafter, and as an addendum, kinetics are 
evaluated.

The first step is to decide whether we deal with a focal
mass or a nonmass-related enhancement.

A focal mass has usually a clear correlate on precontrast
T1- and T2-weighted images and reveals space occupying
behavior (Figure 7.5). In nonmass-related enhancement,

no lesion is visible on precontrast images, but the existing
parenchyma itself seems to enhance (Figure 7.6). The dif-
ferentiation of mass and nonmass enhancement is impor-
tant and has about the same diagnostic implications as the
distinction between mass (or mass with calcifications)
versus calcifications alone on a mammogram. In mass-
related enhancement, the differential diagnosis is (benign
or malignant) tumor. In nonmass-related enhancement,
the differential diagnosis is between DCIS or fibrocystic
disease/normal tissue.

If a mass is identified, we first define its shape (round,
oval, irregular, stellate), then its margins (smooth, non-
smooth, spicules); internal architecture is also evaluated
(homogeneous, heterogeneous, rim enhancement, low SI
internal septations). Malignant lesions (invasive can-
cers) tend to have irregular or even stellate shape, non-
smooth borders or even spicules, and a heterogeneous
internal architecture or even rim enhancement 
(Figure 7.7).

If a nonmass-related enhancement is identified, we first
define its distribution (focal, multifocal, diffuse, regional,
segmental, linear/branching), then internal architecture
(homogeneous, heterogeneous, or clumped/cobblestone
pattern; Figure 7.8). Malignant lesions with nonmass-
related enhancement (DCIS) tend to appear as solitary
focus of enhancement, or as regional, segmental, or linear-
branching enhancement; just like in a mammogram, the
distribution of calcifications helps distinguish suspicious
from less-suspicious calcifications. If the enhancement is
regional or segmental, internal architecture can be evalu-
ated and is typically clumped.

Only after the morphologic analysis as described 
previously, we would evaluate enhancement kinetics
(although one may argue that there is some kinetic bias in
our diagnosis, because we use the first postcontrast image
to search for lesions with significant enhancement; this
implies that our main attention is focused on lesions with
enhancement that is at least sufficient to provide a signifi-
cant signal intensity increase in the first postcontrast
image).

We measure washin rates or classify enhancement 
visually according its appearance on the first postcontrast
subtracted image. To do this, we use standardized window
settings. Malignant lesions tend to exhibit strong and 
fast enhancement; in our setting, this means an enhance-
ment of 90% or more in the first postcontrast minute.
If lesions shows rapid or intermediate enhancement, we
plot the signal intensity time course to visually assess the
postinitial and late postcontrast SI changes (persistent,
plateau, washout). Often, a wash out is not visually appre-
ciable because the degree of SI decrease during washout
is much smaller compared with the initial SI increase
during the early phase of enhancement (i.e., on the 
subtracted images, the lesions continue to appear bright
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Figure 7.5. Mass-related enhancement in a duct-invasive cancer
(left breast). (A) Precontrast T1-weighted gradient echo se-
quence (GE) of the dynamic series. (B) Early postcontrast T1-
weighted GE of the dynamic series. (C) Postinitial postcontrast
T1-weighted GE of the dynamic series. (D) Early postcontrast
subtracted. (E) Postinitial postcontrast subtracted. (F) T2-
weighted TSE image. Note that the lesion has a clear correlate
on the precontrast T1-weighted GE (A) images. Note the mass
effect in pre- and postcontrast images (A–E) and T2-weighted
images (F). This is the classic breast MRI appearance of invasive

breast cancer. Note the irregular margins and the strong enhance-
ment in the early postcontrast phase (B and D) with washout in
the postinitial phase, visible as signal intensity loss (C and E).
Note the rim enhancement in the early postcontrast phase (B and
D) while this appearance is lost in the postinitial phase (C and
E) due to centripetal enhancement. Relatively high signal inten-
sity on T2-weighted image (F)—this would, in this case, not
reduce the level of suspicion. As morphology (including internal
architecture) and enhancement kinetics are both suspicious, the
lesion can be classified as BI-RADS 5.

A B



even if a washout happens, because subtracted images
refer to the precontrast signal intensity); in these cases,
only the signal time plot reveals that a washout is 
present. Malignant lesions tend to exhibit a plateau (type
2, about 30%) or even a washout (type 3, about 60%)
pattern.

If a lesion shows only slow enhancement, we do not nec-
essarily plot the signal time course. The reason is that in
lesions with slow enhancement, the time course in the pos-
tinitial and late postcontrast period will virtually always be
a persistent (type 1a) or (rarely) a plateau (type 2) time

course (Figure 7.9). An (admittedly speculative) explana-
tion is that malignant lesions with slow enhancement are
usually not particularly hypervascular: for example, they
may lack, for one reason or another, angiogenic activity.
However, if that is the case, the arteriovenous shunts or the
increased capillary permeability that are thought to cause
the washout will probably not be present as well. Breast
cancers with slow enhancement will usually always show a
type 1a time course.So while in lesions with strong enhance-
ment (strong angiogenic activity), there is differential 
diagnostic information provided by the different curve
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Figure 7.6. Nonmass-related enhancement. Nonmass-related
enhancement in a DCIS (right breast). (A) precontrast T1-
weighted GE of the dynamic series. (B) Ppostcontrast T1-
weighted GE of the dynamic series. (C) Ppostcontrast subtracted.
Note that the lesion has a no clear correlate on the precontrast
T1-weighted GE (A) images. It seems as if the existing parenchy-

mal enhanced after contrast injection. Note the lack of mass
effect in precontrast images (A). Note the rather shallow
enhancement. Note absence of enhancement in the left breast.
Note the segmental configuration of the lesion. With the asym-
metric, segmental configuration, the lesion must be classified as
at least BI-RADS 4, irrespective of enhancement kinetics.
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Figure 7.7. Assessment of lesion shape, margins, and internal architecture
in dynamic contrast-enhanced breast MRI. (A) Shapes are rated as
roundish (left, fibroadenoma), ovoid (second from left, fibroadenoma),
lobulated (third from left, fibroadenoma), irregular (second from right,
duct invasive cancer), or stellate (right, duct invasive cancer).
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Figure 7.7. (Continued) (B) Margins are rated as smooth (left, duct invasive cancer), irregular (middle, duct invasive cancer), or spic-
ulated (right, tubular cancer).

(Continued)
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Figure 7.7. (Continued) (C) Internal architecture is rated as
homogeneous (left, fibroadenoma), heterogeneous (second from
left, fibroadenoma with regressive changes), internal septations

(second from right, fibroadenoma), or rim enhancement (right,
medullar invasive cancer).

shapes, this does not apply for lesions with slow enhance-
ment.Accordingly,while in rapidly enhancing lesions,a per-
sistent time course can help diagnose a benign tumor, this
does not hold true for lesions with slow enhancement. In
short, a time course analysis is only meaningful in lesions
with rapid and strong enhancement (washin).

In lesions categorized as focal mass, after the kinetic
analysis, we would refer to the non–fat-suppressed T2-
weighted images52 and evaluate its signal intensity with
respect to the normal fibroglandular tissue (hyperintense,

isointense, hypointense). Malignant lesions tend to have
isointense or even hypointense signal compared with
parenchyma; benign myxoid fibroadenomas and intra-
mammary lymph nodes tend to show hyperintense signal;
sclerotic fibroadenomas are as dark on T2-weighted
images as invasive cancers, but as opposed to cancers,
they do not enhance. Important exceptions to this rule 
are medullary and mucinous cancer (see following 
discussion).
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Figure 7.8. Assessment of distribution of nonmass-related
enhancement in dynamic contrast enhanced breast MRI. (A)
Distribution is rated as unifocal (left, papilloma), multifocal
(middle, severe bilateral adenosis), diffuse (chronic subclinical
mastitis in the left breast), segmental. (B) Segmental (left, DCIS
in right breast), linear (middle, DCIS in right breast), or regional
(right, DCIS in left breast). The unifocal, multifocal, or diffuse

enhancement patterns in A are associated with a low PPV for
DCIS and are usually managed by follow up. The segmental and
linear and (to a lesser extent) the regional enhancement patterns
are associated with a significant PPV for DCIS and are catego-
rized as BI-RADS 4 (if kinetics are nonsuspicious) or BI-RADS
5 (if kinetics are suspicious) and are usually clarified by biopsy.
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and persistent time course. Note, however, the irregular shape of
the mass, its irregular margins, and its heterogeneous internal
architecture. Compare the slowly enhancing cancer in the left
breast with the enhancement in the right breast. In the right
breast, there is nonmass-related, regional enhancement in the
lateral aspects of the outer quadrant. This is the typical site and
aspect of physiologic glandular enhancement.

Figure 7.9. Invasive breast cancer in the left breast with
“benign” enhancement kinetics; physiologic enhancement in the
right breast. (A) Precontrast T1-weighted GE of the dynamic
series. (B) Postcontrast T1-weighted GE of the dynamic series.
(C) Postcontrast subtracted. (D) ROI placement. (E) Signal time
course. Poorly differentiated breast cancer (G3) in the left breast
in a 42-year-old patient. Note the relatively shallow enhancement



9. Lesion Categorization: How We
Integrate Morphologic and 
Kinetic Information

• If an enhancing focal mass shows clear malignant fea-
tures on morphologic assessment (i.e., a stellate shape or
borders with spicules or a rim internal architecture), the
lesion is usually categorized as BI-RADS 5 irrespective
of enhancement kinetics.

• If a lesion is classified as nonmass related and shows a
segmental enhancement with granular internal architec-
ture or linear-branching enhancement, we recommend
biopsy irrespective of kinetics; if these lesions exhibit
rapid enhancement and/or washout, they are called 
BI-RADS 5; with slow or intermediate, persistent or
plateau enhancement, the lesions are called BI-RADS 4
(Figure 7.10).

• If a focal mass shows indeterminate or suspicious mor-
phology, but none of the previously mentioned features.
For example, if it shows irregular shape and nonsmooth

borders and heterogeneous architecture, we refer to
kinetics for further categorization. We call it probably
malignant if it has a rapid enhancement and washout
(BI-RADS 5). We call it suspicious (BI-RADS 4) if it
has intermediate enhancement and a persistent or
plateau time course. We call it probably benign (BI-
RADS 3, hormonal stimulation) and recommend follow
up if it shows slow enhancement and a persistent time
course, provided there is no suspicious correlate on
mammography or breast ultrasound.

• If a focal mass shows benign shape and border charac-
teristics and shows a benign internal architecture [low
signal intensity internal septations on postcontrast
(non)subtracted images and/or T2-weighted images], the
lesion is categorized as a BI-RADS 2 irrespective of
enhancement kinetics (the NPV of internal septations is
higher than the PPV of, e.g., a washout).

• If a focal mass with benign appearing shape and borders
lacks internal septations (and only shows homogeneous
internal enhancement), categorization depends on
kinetics: if it shows persistent or plateau enhancement,
it is classified as BI-RADS 2 or 3 (depending on the per-
sonal risk status of the patient). If such a lesion shows a
washout, we call it suspicious (BI-RADS 4) and recom-
mend biopsy (Figure 7.11).

• We would always refer to the precontrast non–fat-
suppressed images in T1- and T2-weighted pulse
sequences to identify precontrast high signal intensity
within an enhancing lesion, which would be indicative of
fat necrosis or lymph node. In lesions with rim enhance-
ment, we carefully check whether the enhancement
actually occurs within the lesion (as opposed to around
the lesion, the latter being indicative of a complicated
cyst, see Figure 7.12).

There are some key features that allow a definite diag-
nosis; all of them are based on lesion morphology (which
underscores the importance of having a good spatial reso-
lution). Masses with stellate shape, and/or spicules, and/or
rim enhancement, or nonmass-related enhancement with
ductal (linear) or segmental configuration (and clumped
internal architecture) are called suspicious irrespective of
enhancement kinetics.

In turn, a washout usually prompts biopsy irrespective
of morphology (usually with a BI-RADS 4 diagnostic cat-
egory), with the following exceptions: morphologically
benign lesions with clearly visible internal low-signal sep-
tations (fibroadenomas) or with rim enhancement sec-
ondary to internal fatty tissue as revealed by precontrast
non–fat-suppressed images (lymph node).

If morphology and kinetics point in the same direction,
then the lesion is considered either probably malignant
(BI-RADS 5) or benign (BI-RADS 2). If morphology and
kinetics point in different directions, then the lesion is 
considered suspicious (BI-RADS 4) or probably benign
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Figure 7.10. Intraductal cancer in the right breast with “benign”
enhancement kinetics. (A) Ppostcontrast subtracted image with
ROI in the DCIS seen in Figure 7.6. (B) Corresponding signal
time course. There is only shallow and slowly progressive
enhancement in this lesion. However, the configuration of the
lesion (segmental enhancement) correctly suggests presence of
DCIS. Ductal carcinoma in situ can show this type of “benign”
enhancement kinetics in up to 40% of cases.
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Figure 7.11. Invasive breast cancer with “benign” appearing
morphologic features. (A) Precontrast T1-weighted GE image of
the dynamic series. (B) First postcontrast T1-weighted GE image
of the dynamic series. (C) Fourth postcontrast T1-weighted GE
image of the dynamic series. (D) Postcontrast subtracted image
of the first postcontrast image. (E) Signal time course. Duct inva-
sive cancer with adjacent DCIS in a 56-year-old patient. Note that
the tumor exhibits benign morphologic features (roundish or lob-

ulated shape, smooth margins, homogeneous internal architec-
ture). However, note the strong enhancement in the initial phase,
followed by a strong washout of contrast agent which is already
appreciable visually (compare C with B) and is also seen on the
corresponding signal time course (E). In such a tumor with
benign-appearing morphologic features, presence of a washout
leads to a BI-RADS 4 category and requires biopsy.
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Figure 7.12. Significant fibrocystic disease in a 48-year-old
patient. (A) Precontrast T1-weighted GE of the dynamic series.
(B) Postinitial phase postcontrast T1-weighted GE of the
dynamic series. (C) Postinitial phase postcontrast subtracted of
the dynamic series. (D) T2-weighted TSE image. (E) T2-weighted
TSE image. (F) ROI placement and signal time course. Note the
mass with roundish shape in the upper inner quadrant of the left
breast. Note that the lesion is hypointense in the T1-weighted
precontrast image in A, and moderately hyperintense in T2-
weighted image in D (brighter than the fibroglandular tissue, but

somewhat darker than the cysts that are present in all quadrants).
Note the smooth margins of the lesion in precontrast images (A).
Note that the lesion shows a “rim” enhancement in B and C, but
note that the enhancement does not occur within the lesion (as
delineated in A), but in the tissue around the lesion. Note slowly
progressive enhancement in the time course (F). This is a cyst
with proteinaceous fluid (hence the relatively low SI of this cyst
in T2-weighted TSE compared with the signal of the other cysts)
and with inflammatory changes around it. With the findings men-
tioned here, this lesion can be safely categorized as BI-RADS 2.



(BI-RADS 3), depending on the type of criteria as men-
tioned previously.

These guidelines are not carved in stone, but they have
to be adapted to the individual situation by considering
clinical findings, the findings in conventional imaging
modalities, patient age, her medical history including 
menstrual status or hormone medication, and, in particu-
lar, family history of breast cancer (with particular 
attention paid to women in families with early onset 
breast or ovarian cancer or combined breast and ovarian
cancer). Still, to help the inexperienced reader to find his
or her way through the different diagnostic criteria, a
scoring system such as the one proposed by Fischer may
be useful.

10. Appearance of the Normal and 
the Diseased Breast in Dynamic
Contrast-enhanced Breast Magnetic
Resonance Imaging

10.1. The Normal Breast

As with virtually all glandular tissue of the human body
(e.g., salivary glands, pancreas, prostate), the fibroglandu-
lar tissue of the breast shows contrast enhancement. For-
tunately enough, if one compares the breast fibroglandular
tissue with, for example, the pancreas or the parotid gland,
enhancement is far less pronounced; this is certainly at
least in part due to the fact that the breast parenchyma
consists not only of glandular, but also, and to a variable
extent, of fibrous and fatty tissue. The comparison with
other glands of the human body is, however, still quite
instructive because it helps understand what degree of
contrast enhancement may be still normal in a breast with
predominantly glandular components. In addition, because
the breast is a hormone-reactive organ that responds to
endogenous (ovarian hormones) or exogenous (replace-
ment therapy) hormonal stimuli, what is looked on as the
normal breast changes steadily, depending on patient’s age,
menstrual/menopausal state, and hormonal or antihor-
monal medication. When starting with breast MRI in
general, it is of the utmost importance to be familiar with
the variable aspect of the breast parenchyma.

While the fibroglandular tissue usually starts to enhance
only in the late postcontrast phase, there are some excep-
tions to this rule. There are no prevalence data available
so far, but based on clinical experience we would propose
that about 10% of women (prevalence decreasing with
increasing age) exhibit intermediate or strong enhance-
ment already in the postinitial phase, which may interfere
with even the mere detection of small breast cancers. Very
much like in the mammographically dense breast (i.e.,
ACR 4 breasts), where breast cancers may be obscured by

the parenchyma and where, accordingly, mammographic
sensitivity is limited, the strong and multifocal enhance-
ment may obscure enhancing breast cancers. Therefore,
we call this an MRI dense breast, in order to communicate
that the sensitivity (and the negative predictive value) of
the respective breast MRI study is limited (Figure 7.13).
This is important because it may impact clinical decision
making.

Regarding the differentiation of a diffusely growing
breast cancer and diffuse parenchymal enhancement:
Usually, normal parenchymal enhancement is strongest in
the lateral (and upper) aspects of the breast, whereas the
inner (and lower) quadrants are relatively spared. Com-
pared with single breast imaging, bilateral imaging is
advantageous in this situation because it shows that the
enhancement is symmetric and bilateral (Figure 7.13);
bilateral diffuse breast cancer is relatively rare.

Particularly in the very young premenopausal patient (at
or below the age of 35 years), hormonal influences may
also appear as focal areas (always nonmass-related
enhancement without correlate on precontrast T1- and T2-
weighted images) with strong contrast enhancement that
may mimic malignant (and benign) lesions. It seems that
these lesions correspond to the hormone-responsive part
of the parenchyma; they should not be mixed up with true,
biopsy-requiring lesions. The incidence of these sponta-
neous contrast-enhancing lesions or unidentified breast
objects (UBOs) is highest in the first and fourth week of a
menstrual cycle, where significantly less enhancement is
encountered in the second week.

While in most cases hormone-induced enhancement 
will be easily classified as such, in particular in very 
young patients (i.e., younger than 35 years of age), the mor-
phologic (and kinetic) features of hormone-induced
enhancement may even mimic malignant lesions. Mor-
phology is usually not pathognomonic. In fact, smooth
margins and a benign shape is rare; usually, shape is 
irregular (but not stellate) and margins are nonsmooth 
(but no spicules). Enhancement rates are usually interme-
diate, but can be fast; in the latter case, however, a persis-
tent time course (or a plateau) is seen in the vast majority
of cases.25

Accordingly, a clear distinction between hormone-
related effects (UBOs) and actual biopsy-requiring lesions
is often enough difficult, if not impossible (Figure 7.14).
Hormonal stimulation should be considered as differential
diagnosis only in the following settings:

• The patient is premenopausal or on HRT.
• The patient is not on selective estrogen receptor modu-

lator (SERM) therapy (e.g., tamoxifen), with selective
estrogen receptor modulators, spontaneous, hormonal-
induced enhancement should not occur, such that in
these clinical settings, UBO is not an acceptable 
differential.
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Figure 7.13. Diffuse parenchymal enhancement: the MR dense
breast. (A) Precontrast T1-weighted GE of the dynamic series.
(B) Postcontrast T1-weighted GE of the dynamic series. (C) Post-
contrast subtracted. (D) T2-weighted TSE image. (E) ROI place-
ment. (F) Signal time course. Note the multifocal, diffuse
enhancement of the entire parenchyma of both breasts. Note the
symmetry of lesions. This is what we would call an MR dense
breast, with the same diagnostic implication as an “ACR 4

parenchymal pattern” has for the mammographic diagnosis.
Among the multifocally enhancing lesions, it is virtually impossi-
ble to rule out presence of small invasive (or intraductal) cancers.
Accordingly, the sensitivity of breast MRI is substantially
reduced (as is the sensitivity of mammography in ACR 4 breasts).
Also, the diffuse multifocal enhancement has about the same
PPV for intraductal or invasive cancers as diffuse calcifications
on a mammogram have—in fact, the PPV is low.

F
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Figure 7.14. Focal parenchymal enhancement in a 33-year-old
patient: the UBOs. (A) Precontrast T1-weighted GE of the
dynamic series. (B) Second postcontrast T1-weighted GE of 

the dynamic series. (C) Second postcontrast subtracted. (D) ROI
placement and signal time course.
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• The lesion has no correlate on mammography or breast
ultrasound (directed breast ultrasound with knowledge
of MRI findings).

• The lesion corresponds to nonmass-related
enhancement.

• The lesion does not exhibit a washout time course.
If in a premenopausal patient, an incidental contrast
enhancing lesion is seen that fulfills all these criteria, we
recommend follow up rather than biopsy.

10.2. Malignant Lesions

10.2.1. Invasive Breast Cancers

The typical ductal invasive breast cancer presents as a focal
mass with irregular shape (or even stellate shape), irregu-
lar borders (or even spicules), and heterogeneous internal
architecture (or even rim enhancement) (Figure 7.15). It is
important to note that fine anatomic details such as
spicules and also rim enhancement in small lesions can

E F

G H

Figure. 7.14. (Continued) (E–H) Further postcontrast sub-
tracted sections through both breasts. The study was performed
in the third week of her menstrual cycle. Note the multiple areas
of enhancement, predominantly in the lateral aspect of the outer
quadrants, in both breasts. It is “nonmass-related,” and it appears
irregular, with a fast washin (washin rate: 80%/first minute), but
with a persistent curve type. Note that the “lesions” are visible
bilaterally, which helps categorize them as “probably hormonal
induced.” The patient did not have a personal or family history

of breast cancer. She had a vague palpable lesion in the upper
inner quadrant of the right breast, plus an asymmetric mammo-
graphic density in this area; no associated calcifications. The
“lesions” visible here had no correlate on mammography, ultra-
sound, or on clinical examination. They were read as “probably
benign” (BI-RADS 3), and the patient was put on 6 months
follow up which, in the second week of her menstrual cycle, still
revealed enhancement, but in an entirely different geographic
pattern. After that, she had a 2-year uneventful followup.
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Figure 7.15. Invasive breast cancer in a 48-year-old patient.
(A) Precontrast T1-weighted GE of the dynamic series. (B) First
postcontrast T1-weighted GE of the dynamic series. (C) Fourth

postcontrast image of the dynamic series. (D) First postcontrast
subtracted image of the dynamic series. (E) Fourth postcontrast
subtracted image of the dynamic series.
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Figure 7.15. (Continued) (F) ROI placement and signal time
course. (G) T2-weighted TSE image. A 48-year-old patient with
a mammographically and sonographically visible mass in the
upper outer quadrant which was rated as BI-RADS 5.The patient
presented for preoperative breast MRI for staging. In the upper
outer quadrant of the left breast, there is a suspicious mass. This
is the “typical” appearance of an invasive breast cancer in
dynamic breast MRI (BI-RADS 5) Note the focal mass is a
roundish shape, with spiculated margins, internal architecture
reveals rim enhancement (note that the enhancing rim is within
the mass, as opposed to the cyst with enhancement in Figure
7.12). Note that rim enhancement is only seen in the early post-
contrast phase, whereas there is a progressive filling in over the

dynamic series. Note the strong and early enhancement (washin
rate is 170% in the first 2min) and the immediate and strong
washout. The washout is visible by the time course, but also in 
the nonsubtracted (compare B and C) and subtracted images
(compare D and E). This is due to the very strong washout in this
case; often enough, the washout is not perceivable on the images,
but is only visualized by the enhancement curves. Note the linear
enhancement next to the mass which was due to an intraductal
extension. Note the enhancing lesions on the contralateral breast.
In fact, the patient had a mammographically and sonographically
occult DCIS in her right breast (the DCIS in her right breast is
seen in Figures 7.5 and 7.10).
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only be appreciated with high spatial resolution imaging
(e.g., 512 imaging matrix if a bilateral field of view is used).
Washin rates are fast, in our setting well beyond 80% signal
increase in the early postcontrast period, followed by a
washout (type 3) or plateau (type 2) time course pattern
in the postinitial and late postcontrast period. In T2-
weighted TSE images, invasive breast cancers tend to
exhibit a low SI, isointense or even hypointense, with
respect to the adjacent parenchyma.

Most of the invasive lobular breast cancers exhibit the
same MRI appearance as ductal invasive cancers: focal
mass, irregular morphology, rim enhancement, and so
forth. However, in about 10% to 20% of the cases, the
tumor grows diffusely, without forming an actual nodule or
mass. In these cases, the tumor gradually replaces the exist-
ing parenchyma with the typical single cell grow pattern.
In these cases, lobular breast cancer may present as diffuse,
nonmass-related enhancement.To make things worse, these
types of lobular cancers are not associated with significant
angiogenic activity, such that enhancement may be only
intermediate, and (rarely) even only low (Figure 7.16). In
these cases (and as explained previously), the postinitial
and late postcontrast enhancement pattern (curve type)
may not be used for further differential diagnosis, because
shallow enhancement rates are usually always associated
with a persistent time course (type 1a), deceivingly shallow
and slow; usually, this is then associated with a persistent,
type 1a enhancement pattern. Accordingly, if lobular inva-
sive cancer is in the differential diagnosis, enhancement
kinetics can only be used for diagnosis if they are positive
for cancer (rapid and strong enhancement and washout);
if the kinetic pattern is benign or indeterminate, this
cannot be used to alleviate the indication to biopsy. Unfor-
tunately, one should be prepared to see lobular breast
cancer more often in breast MRI than one would expect it
based on its natural prevalence; this tumor is difficult to
diagnose mammographically and may cause nonspecific
mammographic changes, which may prompt a referral to
breast MRI. Accordingly, in our series of breast cancers
detected by breast MRI, lobular cancers make up as much
as 23% of cases. Still, diffusely growing invasive lobular
cancer with slow enhancement is rare; the most important
differential diagnosis is chronic (subclinical) mastitis, and
sometimes hormone-induced enhancement. Because in
most of these cases, the enhancing area is fairly large, it is
an easy target for a direct MRI-guided plain or vacuum-
assisted biopsy. Also, because hormone-induced enhance-
ment is much more frequent than diffuse lobular cancer,
and because it is usually rapidly changing, short-term
follow up is a strategy to help avoid unnecessary biopsies.

Medullary invasive cancer is a relatively uncommon
entity that occurs in young patients (aged 30–35 years or,
rarely, age 39). It has distinct morphologic features that are
different from virtually all other invasive breast cancers.
On imaging studies as well as on macroscopic and (often

enough) even microscopic anatomy, it appears well cir-
cumscribed, with smooth, pushing margins. Only on high
magnification is the actual invasive growth visualized.
Accordingly, it is the most important differential diagnosis
versus myxoid fibroadenoma if a well-circumscribed focal
mass is identified in young patients. What seems particu-
larly helpful in breast MRI as opposed to mammography
and breast ultrasound is the fact that internal architecture
is usually either heterogeneous (which is rarely seen in
fibroadenomas), or there is even rim enhancement. Also,
enhancement kinetics can help with the diagnosis: if a
washout phenomenon is seen in a well-circumscribed,
roundish lesion with strong enhancement, this should
prompt biopsy (as long as no internal septations are
visible). It is important to consider this diagnosis in
patients with a strong family history of breast cancer (in
particular patients with family members who were diag-
nosed with breast cancer at age 35 or younger), or patients
in whom a genetic predisposition has been identified
(BRCA1 or BRCA2 mutation carriers; Figure 7.17).

Mucinous breast cancer (Figure 7.18) is a highly differ-
entiated breast cancer that usually affects elderly women;
it is characterized by abundant accumulation of mucin.
Depending on the degree of mucinous components,
enhancement rates in dynamic breast MRI vary between
fast (for lesions with mainly solid parts and only little
mucin) to intermediate (with increasing mucin load) and
even almost absent (for lesions that mainly consist of
mucin with only a very thin rim of solid tissue around it,
see Refs. 30 and 68). In the latter case, the thin rim of solid
tissue around the mucin-filled wide interstitial spaces is so
fine that it cannot be resolved with MRI. The clue to the
diagnosis is the T2-weighted TSE pulse sequence. Here, the
mucin-laden cancers appear exceptionally bright, with a
signal that is even higher than that of fatty tissue, at least
as bright as cysts. So if a lesion with irregular shape and
margins, heterogeneous internal architecture (or rim
enhancement) and with indeterminate or benign appear-
ing enhancement kinetics exhibits a strikingly bright signal
on T2-weighted TSE, mucinous cancer is a differential
diagnosis.

Tubular cancer (Figure 7.19) is again a highly differenti-
ated breast cancer (always grade 1) that occurs in middle-
aged women. This cancer tends to grow as multifocal or
multicentric or even bilateral lesions. Owing to its rela-
tively benign biologic behavior, it is often treated by wide
excision; then, however, an accurate staging (e.g., by bilat-
eral MRI) is of utmost importance due to its tendency to
multicentric growth. The tumor usually exhibits suspicious
morphologic features (spicules, stellate lesions).There is an
association between radial scars and tubular cancers;
because radial scars exhibit a cancer-like morphology and
because they can enhance as breast cancers, it is usually
not possible to identify tubular cancer within a radial scar
on dynamic breast MRI.
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Figure 7.16. Lobular invasive breast cancer in a 62-year-old
patient.Two consecutive sections of a dynamic breast MRI study:
Section 1, (A) precontrast T1-weighted GE of the dynamic series,
(B) first postcontrast T1-weighted GE of the dynamic series, (C)

first postcontrast subtracted, (D) T2-weighted TSE image.
Section 2, (E) precontrast T1-weighted GE of the dynamic series,
(F) first postcontrast T1-weighted GE of the dynamic series,

(Continued)
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Figure 7.16. (Continued) (G) first postcontrast subtracted, (H)
T2-weighted TSE image, (I) time/signal intensity course. Note the
discrete architectural distortion of the parenchyma in the non-
subtracted images. Note the almost “nonmass-related” enhance-
ment that occurs in the upper inner quadrant of the left breast.
The existing parenchyma is replaced by tumor tissue—the typical
growth pattern of lobular invasive cancer. Note that the tumor

grows around fatty tissue, such that there are “inclusions” of fatty
tissue in the tumor. This must not be confused with fatty tissue
(or bright signal on precontrast T1-weighted images) in focal
masses in fat necrosis or in complicated cysts. There is strong
early enhancement followed by a plateau time course. The most
important differential diagnoses to be mentioned here are
lobular invasive cancer, DCIS, and chronic mastitis.

Inflammatory breast cancer (Figure 7.20) is a clinical
rather than a distinct pathologic entity. It is diagnosed 
in cases in which an invasive breast cancer (usually of
ductal origin) is associated with clinical findings of inflam-
mation, that is, cutaneous edema and erythema. On
histopathology, there is extensive tumor involvement of
the lymphatic system. It is important to know that breast
cancer that spreads within the lymphatics does not go
along with enhancement. This holds true for the primary
lymphangitic spread seen in inflammatory breast cancer,
but also for lymphatic invasion around a focal breast
cancer. Accordingly, depending on the extent of tumor
within the lymphatic channels, the breast cancer may
exhibit only subtle enhancement (slowly progressive on
kinetic assessment), and may even not enhance at all. In
the latter cases, there is usually only dermal thickening and

edema, interstitial edema (best appreciated on T2-
weighted images) and variable cutaneous enhancement.
Sometimes the actual tumor stands out against the sur-
rounding edematous parenchyma as low signal intensity
mass on T2-weighted TSE images. Because (puerperal or
nonpuerperal) mastitis can show the same clinical features
and enhancement pattern as inflammatory breast cancer,
breast MRI cannot be used to reliably distinguish between
these disease entities. The only role of MRI (if any) is to
demonstrate the extent of the disease and to monitor
response to chemotherapy.

10.2.2. Preinvasive Cancer (DCIS)

Although there are reports in the current literature 
stating that microcalcifications can be visualized by 
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Figure 7.17. Medullary invasive breast cancer in a 34-year-old
patient at high familial risk for breast cancer. (A) Precontrast 
T1-weighted GE of the dynamic series. (B) First postcontrast 
T1-weighted GE of the dynamic series. (C) First postcontrast 
subtracted. (D) ROI placement. (E) Time/signal intensity course.
Note the pear-shaped, ovoid mass with completely smooth
borders [borders that abut fatty tissue are best evaluated on pre-
contrast, non–fat-suppressed images, i.e. Figure 7.18(A)]. This
“benign” morphology with seemingly pushing margins is typical
for medullary invasive breast cancer. It is the reason why this

medullary cancer (as many others) were interperted as repre-
senting probably fibroadenoma on mammography and breast 
ultrasound. On breast MRI, however, internal (enhancement)
architecture and enhancement kinetics help establish the correct
diagnosis. Note the pronounced rim enhancement; note the sus-
picious kinetics with early and strong enhancement, followed by
a washout. This helps classify this tumor as BI-RADS 5 [suspi-
cious morphology (internal architecture) plus suspicious kinetics
(washout)].
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Figure 7.18. Mucinous breast cancer in a 71-year-old patient.
(A) Precontrast T1-weighted GE of the dynamic series. (B) First
postcontrast T1-weighted GE of the dynamic series. (C) Third
postcontrast T1-weighted GE of the dynamic series. (D) First
postcontrast subtracted. (E) Third postcontrast subtracted. (F)
T2-weighted TSE. Note the trifocal breast cancer in (A) two foci
in the retro-areolar region, one larger mass in the prepectoral
area of the left breast. The two smaller lesions enhance strongly
and homogeneously after contrast injection (B and D). However,
the larger mass close to the chest wall reveals only very faint
enhancement. Accordingly, the mass is hardly visible on post-
contrast subtracted images (C) and is only seen in the late post-

contrast phase (D). The reason for this is that the large mass is
virtually completely filled with mucin, so that there is hardly any
solid tumor tissue left. Due to the abundant mucin, the lesion
reveals a very high signal on T2-weighted TSE images (F). For
the same reason, the mass is hardly visible in T2-weighted TSE
images, because in this patient, the mucin is isointense to the adja-
cent fatty tissue.The two smaller lesions behind the nipple consist
of more solid tumor and less mucin; accordingly, they exhibit a
lower SI in T2-weighted TSE, and the enhance homogeneously
and strongly. Note that the actual extent of disease is best appre-
ciated on precontrast non–fat-suppressed T1-weighted images
(A).
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Figure 7.19. Multicentric invasive tubular cancer in a 60-year-
old patient. Two sections of a dynamic breast MRI study through
the lower quadrants (section 1) and the upper quadrants (section
2). Section 1, (A) precontrast T1-weighted GE of the dynamic

series; (B) first postcontrast T1-weighted GE of the dynamic
series; (C) third postcontrast T1-weighted GE image of the
dynamic series; (D) first postcontrast subtracted; (E) third post-
contrast subtracted; (F) T2-weighted TSE image. Section 2,

(Continued)
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Figure 7.19. (Continued) (G) precontrast T1-weighted GE of the dynamic series; (H) first postcontrast T1-weighted GE of the
dynamic series; (I) third postcontrast T1-weighted GE image of the dynamic series; (J) first postcontrast subtracted. (See Figure 7.20)

high-resolution breast MRI,69 for current clinical practice,
there is ample evidence confirming that microcalcifications
(particularly the relevant, tiny ductal calcifications) are not
visible on MRI even with high-resolution techniques.
Accordingly, while the in situ cancers’ propensity to form
microcalcification constitutes the basis of DCIS diagnosis
in mammography, this feature cannot be exploited for
MRI of DCIS.

The criteria pertinent to diagnose invasive breast cancer
in dynamic MRI may not be used to diagnose DCIS (or,
rather, the absence of a focal mass with strong and early
enhancement and washout may not be used to exclude
DCIS), probably due to the variable angiogenic activity of
in situ cancers, enhancement of DCIS in breast MRI is
variable. Only about 30% of DCIS exhibits the typical 
carcinoma-type, strong enhancement and about 50% show

intermediate enhancement, another 15% exhibits slow
enhancement, and about 5% do not enhance at all. This
means that enhancement rates, but also the degree of
enhancement, or the signal behavior in the postinitial and
late postcontrast phase may (but not necessarily will) look
benign. Diagnostic criteria based on contrast enhancement
kinetics are therefore not reliable to exclude DCIS; rather,
if they are suspicious, they can be used to confirm the 
diagnosis.

The actual diagnostic cornerstone of DCIS in dynamic
breast MRI is based on lesion morphology or, rather, its
configuration (Figures 7.6 and 7.21): the demonstration of
nonmass-related enhancement that follows the ductal
system, namely linear or asymmetric segmental enhance-
ment (i.e., segmental enhancement that occurs in only one
breast, as opposed to bilateral symmetric enhancement



which may sometimes appear segmental and is usually due
to hormonal influences). Less often, DCIS is associated
with nonmass-related regional or (uni)focal enhancement.
An internal clumped or cobblestone pattern in DCIS with
segmental, linear, or regional configuration is typical and
should not be mistaken for low signal intensity septations
seen in fibroadenomas.

It is important to realize that, while a nonenhancing
invasive breast cancer is extremely rare (and usually does
not need to be considered a relevant differential diagno-
sis), nonenhancing, that is, MRI occult DCIS does occur in
about 5% of cases.This explains why having a recent state-
of-the-art mammogram available is considered a prereq-

uisite for reading breast MRI studies. On the other hand,
it seems that breast MRI can help detect additional,
mammographically occult DCIS in a substantial number of
patients, both regarding the delineation of intraductal
spread in patients diagnosed with invasive cancer, as well
as the detection of primary intraductal cancer.66,69–72

10.3. Benign Changes

10.3.1. Fibroadenoma
Fibroadenomas represent a frequent finding in breast
MRI, much more frequent than is detected on mammog-
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followed by a washout, which is visible in nonsubtracted and 
subtracted images (C and E). This lesion was visible on mam-
mography and breast ultrasound. Note the two further foci in the
upper quadrant at the 12 o’clock position, with identical enhance-
ment pattern. Typical multicentric growth of tubular cancer.

Figure 7.19. (Continued) (K) third postcontrast subtracted; (L)
T2-weighted TSE image; (M) time/signal intensity course. Note
the focal mass with roundish shape, spiculated borders [best seen
on precontrast, non–fat-suppressed images, i.e., (A), with rela-
tively homogenous internal architecture in the the lower outer
quadrant in (A–F). Note the early and strong enhancement,
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Figure 7.20. Inflammatory breast cancer on the left, myxoid
fibroadenoma on the right, in a 39-year-old patient at high genetic
risk for breast cancer. (A) Precontrast T1-weighted GE of the

dynamic series. (B) First postcontrast T1-weighted GE of the
dynamic series. (C) First postcontrast subtracted. (D) T2-
weighted TSE image.

raphy. Fibroadenomas constitute one of the major differ-
ential diagnostic problems for MRI, as they do in mam-
mography or breast ultrasound. There are a variety of
diagnostic criteria used in dynamic breast MRI to distin-
guish fibroadenoma from breast cancer; some of which are
quite specific [i.e., they have a high negative predictive
value (NPV) for cancer], which is why, in combination, it
is often enough possible to confidently classify a fibroade-
noma as definitely benign (BI-RADS 2; see right breast in
Figure 7.20). Still, it will be up to the discretion of the radi-
ologist, up to his or her practice, degree of diagnostic con-
fidence in the individual case, and to his or her personal

preferences in terms of aggressiveness or conservativeness,
whether or not, eventually, a biopsy is recommended.

In general, the MRI appearance of fibroadenomas varies
strongly with the degree of fibrosis: On one end of the
spectrum, there are myxoid fibroadenomas that have large
extracellular spaces filled with a gelatinous matrix (Figures
7.20 and 7.22).With increasing age, regressive changes take
place; the interstitial matrix undergoes fibrosis, resulting in
a sclerotic fibroadenoma on the other end of the spectrum
(Figure 7.23).

Ideally, a myxoid fibroadenoma presents as focal mass
with ovoid shape, with the long axis parallel to the
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Figure 7.20. (Continued) (E) ROI in the inflammatory breast
cancer with (F) signal time course of the inflammatory breast
cancer on the left (G) ROI in the myxoid fibroadenoma on the
right with (H) signal time course of the fibroadenoma on the
right. Left breast: Inflammatory cancer with diffuse parenchymal
and skin edema (note skin thickening in T1-weighted precontrast
and T2-weighted TSE images (A and D) and strong contrast
enhancement of the skin in B and C. Note the diffuse parenchy-
mal edema with relatively increased signal of the left-sided
parenchymal compared to the right side. Note the strong
parenchymal enhancement in the early postcontrast phase, fol-
lowed by a strong washout (F). Note the intramammary lymph
node in the upper outer quadrant of the left breast. Right breast:

Note the focal mass with oval shape, orientation parallel to
Cooper’s ligments. Note the “MR halo” phenomenon, that is, a
small streak of fatty tissue around the tumor due to displaced
fatty tissue, secondary to the “pushing” tumor margins. Note the
smooth borders, internal septations (best visualized on T2-
weighted TSE images (D)) and with enhancement kinetics that
differ from those of the inflammatory breast cancer on the left:
there is strong, but persistent enhancement, corresponding to a
type 1a curve, typical for fibroadenoma. In spite of the high
genetic risk of the patient and in spite of the fact that there was
diffuse cancer on the left, this lesion can be confidently classified
as BI-RADS 2. Patient underwent chemotherapy and mastec-
tomy on the left. Follow up of the right breast is over 2 years.
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Figure 7.21. Ductal carcinoma in situ on the left in a 56-year-old
patient who is status post benign breast biopsy on the right. (A)
Precontrast T1-weighted GE of the dynamic series. (B) First post-
contrast T1-weighted GE of the dynamic series. (C) Second 

postcontrast T1-weighted GE of the dynamic series. (D) First
postcontrast subtracted. (E) Second postcontrast subtracted. (F)
T2-weighted TSE image.
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Figure 7.21. (Continued) (G) ROI placement. (H) Signal time
course of the enhancing area. (I–K) Further postcontrast subtracted
sections through the upper portion of the breast. There is segmen-
tal, nonmass-related enhancement in the left breast. Note the asym-
metry compared with the right side. Note the internal heterogeneous
or “clumped” internal architecture. Note the intermediate enhance-
ment and persistent time course of signal intensity. Irrespective of
enhancement kinetics, the lesion is classified as suspicious due to the
segmental enhancement (BI-RADS 4). Note the signal cancellation
due to previous benign breast biopsy behind the nipple on the right
breast.
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Figure 7.22. Fibroadenoma. (A) Precontrast T1-weighted GE of
the dynamic series. (B) First postcontrast T1-weighted GE of the
dynamic series. (C) First postcontrast subtracted. (D) T2-
weighted TSE image. (E) ROI placement. (F) Signal time course.
Typical presentation of a fibroadenoma. Note the lobulated
shape, smooth borders. Note the “MR halo sign” with displaced
fatty tissue around the lesion (visible in non–fat-suppressed pre-
contrast T1-weighted images, i.e., (A)). Note the internal septa-
tions visible on non–fat-suppressed and subtracted postcontrast

images (B and C). Note the rapid, but persistent enhancement
(type 1a time course). Note the heterogeneous signal in the T2-
weighted TSE image (D); this fibroadenoma is partially sclerotic.
A myxoid fibroadenoma (with homogeneously bright signal on
T2-weighted TSE images) is seen in the right breast of the patient
in Figure 7.20. With the benign shape, smooth margins, internal
septations, persistent enhancement pattern, the lesion can be con-
fidently classified as BI-RADS 2.
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Figure 7.23. (Continued)
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Figure 7.23. (Continued) Growth pattern with respect to
Cooper’s ligaments in fibroadenomas and breast cancers. (A–E)
Fibroadenoma. (F–J) Duct-invasive breast cancer. (A and F) Pre-
contrast T1-weighted GE of the dynamic series. (B and G) First
postcontrast T1-weighted GE of the dynamic series. (C and H)
First postcontrast subtracted. (D and I) T2-weighted TSE image.
(E and J) ROI placement and kinetic analysis. In A–E, the
fibroadenoma presents as focal mass with ovoid configuration. In
the non–fat-suppressed precontrast T1-weighted images (A),
note that the long axis of the mass is aligned in parallel with the

Cooper’s ligaments, perpendicular to the chest wall. Note the
smooth borders, internal septations, very strong enhancement,
but persistent time course, all indicative of fibroadenoma (BI-
RADS 2). In F–J, the small (5mm) duct-invasive cancer shows a
roundish or ovoid shape. The long axis is horizontal, in parallel
to the chest wall, perpendicular to Cooper’s ligaments. The small
tumor disrupts the natural path of Cooper’s ligaments, indicative
of invasive cancer. Note the rim enhancement, rapid enhance-
ment followed by washout (BI-RADS 5).
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Cooper’s ligaments (be aware of the fact that Cooper’s lig-
aments travel in parallel to the outer contours of the
breast, i.e., parallel to the chest wall in the dorsal part of
the outer quadrants, but perpendicular to the chest wall in
the inner and central quadrants; Figure 7.24). The criterion
that clinches the diagnosis is internal low-signal septations
that are visible on postcontrast images or against the oth-
erwise bright signal on T2-TSE images. These septations
are associated with such a high NPV that their presence,
together with a benign appearing shape and margin status,
justify a BI-RADS 2 categorization of a lesion irrespective
of enhancement kinetics. Unfortunately, internal septa-
tions are not always seen; with current techniques in
dynamic breast MRI, they are visualized in about 30% to
50% of cases, greatly depending on the spatial resolution
that is used. More often, a homogeneous enhancement is
seen; heterogeneous (patchy) enhancement does occur 
in case there are regressive changes, which may reduce
enhancement in the areas that already underwent fibrosis.
With time resolved studies, the enhancement starts in the
center of the lesion and progresses from there to the tumor
periphery, such that the lesion seems to grow from one
dynamic scan to the other (blooming fibroadenoma).

In sclerotic fibroadenomas, enhancement is reduced or
even absent, and the SI in T2-weighted TSE images is low.
As a consequence, internal septations are hardly visible. If
enhancement is present, the time course of SI corresponds
to a type-1a shape. Enhancement may be somewhat het-
erogeneous due to regressive clumps of calcifications and
the slow progression of enhancement.

According to our experience, the diagnosis can be estab-
lished with sufficient confidence if all criteria are observ-
able to support the diagnosis of either myxoid or sclerotic
fibroadenoma.

10.3.2. Intramammary Lymph Node

Intramammary lymph nodes (Figure 7.25) are a frequent
finding in dynamic breast MRI. The typical morphology
and location should help establish the diagnosis: Typically,
lymph nodes occur in the lateral parts of the upper outer
quadrant, in the subcutaneous tissue. With sufficiently high
spatial resolution (i.e., 512 imaging matrix), the character-
istic internal kidney-shaped architecture is visualized, and
the central fatty tissue (the hilum) can be identified as
bright signal on T1- and T2-weighted (non–fat-suppressed)
images. It is important to look at precontrast non–fat-
suppressed T1-weighted images to be able to see the central
fatty tissue; if one fails to do this, the kidney-shaped lymph
node could even be misinterpreted as a focal mass with rim
enhancement. This is even more important as enhance-
ment kinetics are usually always malignant: Virtually all
lymph nodes exhibit a carcinoma-type rapid and fast early
phase enhancement, followed by a washout. So it is the
typical location within the breast and the typical kidney-

shaped morphology with the central fatty tissue that helps
one to confidently classify this lesion as a BI-RADS 2.

10.3.3. So-Called Mastopathic or Fibrocystic
Changes, Focal Adenosis

In dynamic bilateral breast MRI, so-called mastopathic 
or fibrocystic changes appear as diffuse, bilateral, patchy,
and heterogeneous with multifocal enhancement. The
histopathological correlate of the small enhancing dots has
been shown to be the focal adenosis, that is, proliferation
of the glandular epithelium. It is important to realize that
there is no correlation between the kinetic features and the
presence or absence of atypias: The enhancement pattern
of mastopathic changes does not correlate with the prob-
ability of significant histologic lesions. Accordingly, kinetic
(or morphologic) features cannot be used to distinguish
between regular ductal (or lobular) hyperplasia versus
atypical ductal hyperplasia (ADH) or lobular carcinoma
in situ (LCIS).

The heterogeneity of enhancement that is seen in
patients with fibrocystic disease is due to the presence of
areas with predominant epithelial proliferation next to
areas with predominant regressive changes (fibrosis) and
associated cysts. While the patchy or diffuse enhancement
is usually not a diagnostic problem, there are often small
dots of nonmass-related focal or multifocal enhancement
interspersed within the more or less diffusely enhancing
parenchymal tissues. These small foci of enhancement
(usually below 4mm in size) are mostly due to small
fibroadenomas or nodes of focal adenosis (Figure 7.26). In
terms of kinetics, these lesions may look suspicious. They
enhance strongly and rapidly in the early postcontrast
phase, and in about 10% of cases, they may also exhibit a
washout time course in the postinitial phase. Hence, if
kinetic pattern is benign, this may help correctly classify
these lesions as focal adenosis; if they, too, are suspicious,
biopsy is inevitable. In fact, these small enhancing foci are
the most important cause for false-positive diagnoses
made in breast MRI. In turn, small foci of cancer or DCIS
may be masked by enhancement secondary to focal adeno-
sis. The following hints have emerged from clinical prac-
tice and may prove helpful.

• If there is no correlate for these enhancing foci in mam-
mography and breast ultrasound (which is usually the
case), and if there is no clinical reason that would advise
caution (which would be the case, e.g., if these foci were
identified in a patient who presents for preoperative
staging of a known breast cancer), we would usually clas-
sify these foci as BI-RADS 3 and recommend follow up.

• If bilateral multifocal enhancement is present, it is not
useful to attempt quantification or time-course analysis
of each and every enhancing spot. Keep in mind that
bilateral disseminated multifocal invasive breast cancer
is really rare, and that DCIS is usually confined to a 
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Figure 7.24. Sclerotic fibroadenoma. (A) Precontrast T1-
weighted GE of the dynamic series. (B) First postcontrast T1-
weighted GE of the dynamic series. (C) Late postcontrast
T1-weighted GE of the dynamic series. (D) First postcontrast
subtracted. (E) T2-weighted TSE image. Note that the focal mass
with lobulated shape, smooth borders, which is virtually invisible

on early postcontrast subtracted (or fat-suppressed) images in the
right breast, because there is only very shallow (if any) enhance-
ment. Therefore, the lesion is best visualized on nonsubtracted
(or non–fat-suppressed) images (A, B, or C) or on T2-weighted
images (E). Note the very low signal of the lesion in T2-weighted
TSE image (E) due to the significant fibrosis.
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Figure 7.25. Intramammary lymph node. (A) Precontrast T1-
weighted GE of the dynamic series. (B) First postcontrast T1-
weighted GE of the dynamic series. (C) First postcontrast
subtracted. (D) T2-weighted TSE image. (E) Signal time course.
Note the focal mass with typical oval (or kidney) shape in its
typical location (subcutaneous fatty tissue of the upper outer
quadrant). Note the “fake” rim enhancement due to the hilum
and fatty sinus of the lymph node (to avoid pitfalls, refer to
non–fat-suppressed, precontrast T1-weighed images to identify
central fatty tissue). Note the lobulated shape, smooth borders.

Note the high signal intensity of the lesion in T2-weighted TSE
images. Note the very strong and rapid washin, followed by a
washout—this is typical for lymph nodes. Virtually all lymph
nodes exhibit this enhancement pattern, irrespective of whether
they are normal or metastasized. With the typical location, the
typical kindey shape, the central fatty hilum, the bright signal on
T2-weighted TSE, the lesion is classified as BI-RADS 2 (lymph
node). Washout is compatible with the diagnosis of lymph node,
which is why a BI-RADS 2 is given, not BI-RADS 3.
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Figure 7.26. Diffuse adenosis. (A) Precontrast T1-weighted GE of the dynamic series. (B) First postcontrast T1-weighted GE of the
dynamic series. (C) First postcontrast subtracted. (D–G) Four further sections (subtracted images).
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Figure 7.26. (Continued) (H) Signal time course. Note the mul-
tifocal nonmass-related enhancment. Small size of the individual
lesions. Early enhancement with biphasic or even washout time
course. The nonmass-related lesions are usually too small to be
amenable to a meaningful morphologic analysis; enhancement
kinetics are not useful as well, because the lesions tend to
enhance rapidly, with plateau or even washout enhancement
pattern. Accordingly, it is impossible to distinguish small adeno-

sis from small invasive (or intraductal) cancers. This is why the
sensitivity of breast MRI regarding the detection of small cancers
is significantly reduced in these patients. Follow up for clarifica-
tion is probably necessary for forensic reasons, but usually will
not solve the problem. These enhancing lesions will persist
(unlike hormonal-induced enhancement, which can be expected
to change its appearance on follow up) even for years.



duct or the territory of a distinct ductal system. So the
bilaterality and the symmetry is the clue to the diagno-
sis and is one important argument for doing bilateral
breast MRI.

• On follow ups, enhancing foci due to hormonal effects
should change their appearance and location, whereas
enhancing foci due to focal adenosis are constant and
reproducible over even years of follow up. Therefore, do
not expect these foci to resolve or change; they will stay
the same.

11. Current Applications of Dynamic
Bilateral Breast Magnetic 
Resonance Imaging

There are several indications for breast MRI; however, it
should be noted that at this stage, there are virtually no
data available that would allow end-point analyses to be
performed on the influence of breast MRI in terms of sur-
vival, mortality, morbidity, or quality-of-life issues.

11.1. Clarification of Inconclusive
Conventional Imaging Findings

Breast MRI in general offers a wealth of information on
the lesion in question, all the physical and biochemical fea-
tures that determine image contrast on (contrast-enhanced
and plain) MRI studies. The many parameters that con-
tribute to lesion appearance translate into a full battery of
differential diagnostic criteria. These may be used to dis-
tinguish benign and malignant lesions even in cases that
are inconclusive on conventional imaging, the most estab-
lished indication being the differentiation of tumor recur-
rence versus scar tissue in the follow up of patients who
underwent breast conservation therapy.

Specifically dynamic breast MRI may be useful to eval-
uate lesions that appear morphologically benign on con-
ventional imaging studies: The evaluation of time course
kinetics introduces a completely independent diagnostic
parameter (i.e., tissue perfusion/diffusion/vessel perme-
ability) that can help distinguish benign lesions (e.g.,
fibroadenoma) from well-circumscribed breast cancer. For
example, if a lesion looks benign in terms of morphology,
a correct diagnosis may still be possible if signal intensity
time courses are evaluated.

It should be noted, however, that if breast MRI is to be
used for clarification of mammographically or sonograph-
ically suspicious lesions, then it is an important prerequi-
site that the radiologist is familiar with the specific
limitations of all three imaging modalities. It is important
to realize that there are specific constellations of mammo-
graphic or sonographic findings that may not be clarified
by a negative breast MRI, whereas in others, MRI can be

used to obviate the need for biopsy. Clinical scenarios
where MRI cannot be used to alleviate the indication to
biopsy are, for example, cases with suspicious mammo-
graphic microcalcifications: Because sensitivity of breast
MRI for in situ cancers is limited, it may not be used to
exclude underlying DCIS. Moreover, it should be kept in
mind that, in general, percutaneous core biopsy may be
more appropriate to definitively clarify conventionally
inconclusive lesions.

11.2. Staging

If on conventional imaging studies a solitary focus of
breast cancer has been identified and a breast conserv-
ing therapy is considered, preoperative breast MRI is 
indicated to rule out or localize additional breast cancer
foci. This is particularly important in patients diagnosed
with lobular invasive cancers because these cancers 
tend to be even more difficult to diagnose mammograph-
ically and sonographically and in patients with a strong
familiy history of breast cancer because they tend to
develop multicentric disease.71,73,81 In a recent article,
Fischer and coworkers report on preoperative dynamic
breast MRI for local staging of patients who were candi-
dates for breast conservation.75 They diagnosed therapeu-
tically relevant additional findings in 16% of cases, and
synchronous contralateral breast cancer in as many as 6%
of patients.75 These data were also confirmed by more
recent articles by Lee and Liberman82,84 (Figure 7.27).

Because dynamic breast MRI (as opposed to high-
spatial-resolution static breast MRI) allows the simultane-
ous evaluation of both breasts, a screening of the
contralateral breast will always be performed at the same
time (and in one investigation) as staging for the breast
with known cancer.

11.3. Assessing Tumor Response to
Neoadjuvant Chemotherapy

Neoadjuvant chemotherapy is increasingly used in patients
with locally advanced breast cancer (LABC), both for
restoring operability, but also for systemic treatment of
possible concomitant lymph node or distant metastases.
Conventional imaging techniques, however, offer only a
poor diagnostic accuracy for the assessment of chemother-
apeutic effects. This is mainly due to the fact that, after
effective chemotherapy, tumor tissue may be replaced by
diffuse fibrosis. The fibrous tissue may simulate residual
tumor on clinical palpation, and it may interfere with an
accurate depiction of residual tumor both on mammo-
grams and on breast ultrasound studies. Moreover, not
only for reasons of optimizing patient care, but also for
economic reasons, it is crucial to reliably identify nonre-
sponders as soon as possible. There is evidence that

128 C.K. Kuhl



7. Dynamic Breast Magnetic Resonance Imaging 129

A B

C D

E F

Figure 7.27. (Continued)
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Figure 7.27. (Continued) Acute and chronic mastitis. (A–E)
Acute nonpuerperal mastitis in a 45-year-old patient. (F–J)
Chronic mastitis in a 43-year-old patient. (A and F) Precontrast
T1-weighted GE of the dynamic series. (B and G) First postcon-
trast T1-weighted GE of the dynamic series. (C and H) first post-
contrast subtracted. (D and I) T2-weighted TSE image. (E and
K) ROI placement and kinetic analysis. In A–E, acute mastitis
presents as diffuse edema of the entire breast and the skin (best
visible on T2-weighted TSE images, D), with diffuse and strong
enhancement of the parenchyma and the skin, with formation of
abscesses (see areas with rim enhancement in C). Note that
enhancement kinetics are indistinguishable from those of inva-

sive (e.g., inflammatory) breast cancers. Compare the picture to
the inflammatory breast cancer in Figure 7.20. Inflammatory
breast cancer is the most important differential to acute mastitis.
The two disease entities cannot be distinguished by breast MRI.
In F–J, chronic mastitis. Note the architectural distortion due to
a huge focal mass with only intermediate enhancement, type 1a
time course. Our primary diagnosis (based on mammography,
breast ultrasound, and MRI) was diffusely growing (e.g., lobular)
invasive cancer. No clinical symptoms of inflammation. Biopsy
revealed chronic mastitis. (Lobular) invasive breast cancer is the
most important differential diagnosis for chronic mastitis. The
two disease entities cannot be distinguished by breast MRI.
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dynamic breast MRI is ideally suited to fulfill both of these
tasks.

Considering evaluation of chemotherapy response,
dynamic breast MRI is able to quantify functional tissue
parameters, that is, tumor perfusion, as a surrogate marker
for tissue viability in addition to assessing tumor size.
Because dynamic breast MRI is able to detect and quan-
tify chemotherapy-induced changes of the perfusion (i.e.,
viability) of malignant tissues, this can be exploited for
assessing tumor response to neoadjuvant chemotherapy.
Several groups have investigated if dynamic breast MRI
can identify responders or nonresponders. There is some
evidence to suggest that after about two chemotherapy
cycles, and before a measurable change of tumor size
occurred, response to chemotherapy is heralded by a sub-
stantial change of contrast enhancement patterns.85–89

Decreasing enhancement rates, and more importantly a
change of the enhancement behavior in the postinitial and
late period (washout or plateau converted to type 1a) are
the hallmark of early tumor response to chemotherapy.
Although the sample size of the respective studies is small,
there is sufficient evidence to suggest that assessing breast
MRI enhancement kinetics is as least as useful for the early
diagnosis of response as is positron emission tomography
(PET) imaging, with the additional advantage of providing
exact information on tumor size. Given the high clinical
and economical relevance of an early identification of non-
responders, this may emerge as a most important applica-
tion for dynamic breast MRI, provided these findings are
validated in a larger group of patients.

Several studies have confirmed that compared with con-
ventional imaging modalities, breast MRI is greatly more
sensitive and specific for assessing residual tumor extent
after chemotherapy. It should be well understood,
however, that although breast MRI may be better than
clinical assessment or conventional imaging, it is still far
from being perfect. Scattered residual vital cancer cells in
the former tumor bed in responders may not enhance after
contrast, thus escaping the diagnosis. These tumor rem-
nants do not influence prognosis and, thus, the classifica-
tion of response. However, if induction chemotherapy is
performed with the ultimate goal of breast conservation,
breast MRI cannot be used to rule out residual micro-
manifestations in responders, and it may not be able to
identify patients who are amenable to breast conservation
after induction chemotherapy.11,90–94

11.4. High-Risk Screening

The average lifetime risk for a woman to develop breast
cancer is 12%. There are several different conditions that
may increase the risk: Women with a personal history of
breast cancer, women with a tissue diagnosis of a border-
line breast lesion such as ADH or LCIS, women with a
history of mediastinal irradiation (e.g., after Hodgkin’s

disease), and, most notably, women with proved BRCA
mutation or with a family history suggestive of hereditary
breast cancer. Breast MRI has been advocated to serve as
screening tool in all of these clinical situations.71,95–99 The
dynamic approach seems to be particularly useful here for
several reasons.

In a screening setting, bilateral imaging is required—
dynamic imaging is almost always done with coverage of
both breasts, whereas high-spatial-resolution static MRI
can only be performed on one single breast at a time
(Figure 7.28).

Women with proven or suspected germline BRCA
mutation face an 80% to 90% lifetime risk of being diag-
nosed with breast cancer, and they develop the disease at
significantly younger ages (i.e., in their early 30s). Accord-
ingly, these women require an intensified screening that
starts at age 25 to 30. In these very young women, however,
sensitivity of mammography may be significantly reduced.
There is, meanwhile, significant published evidence regard-
ing the role of breast MRI screening for familial breast
cancer. Our results (and those of other groups71,96–99) doc-
ument that dynamic breast MRI is clearly superior to
mammography and breast ultrasound both for early detec-
tion and classification of familial breast cancers.

Specifically, dynamic contrast-enhanced breast MRI
may be suitable for these women because BRCA1-induced
breast cancers tend to exhibit atypical (benign) mor-
phologic features. Even on gross pathology or on low-
magnification histology, these tumors may appear com-
pletely well circumscribed, with no evidence of infiltration.
Accordingly, even with highest spatial resolution imaging,
the morphologic features of these tumors may be in-
distinguishable from that of fibroadenomas. Dynamic
breast MRI, however, allows the additional evaluation of
enhancement kinetics (surrogate for tissue perfusion or
angiogenesis activity; Figure 7.29). In our cohort, 5 of the
9 BRCA-induced cancers revealed a deceivingly benign
morphology, but highly suspicious contrast enhancement
kinetics with rapid and strong wash in, followed by a
washout (type 3). So in spite of the apparently benign mor-
phologic features of hereditary breast cancers, a true-
positive diagnosis was possible in all cases based on
dynamic MRI. Accordingly, sensitivity of breast MRI
versus mammography and breast ultrasound combined
was 100% versus 44%.

Another reason why dynamic imaging may be helpful
for screening very young women is the issue of hormonal
stimulation. As explained, hormone-induced activation of
the glandular tissue may produce UBOs, that is, focal con-
trast-enhancing areas that are not associated with any
structural changes of the parenchymal composition, but
that are probably caused by the local histamine-like effects
of ovarian steroid hormones.18,28 Because these pseudole-
sions are able to exhibit scary irregular morphology, they
are a notorious cause for false-positive diagnoses in young
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Figure 7.28. Bilateral duct invasive breast cancer (multicentric on
the right) in a 64-year-old patient presenting for screening without
clinical symptoms. (A–D) Screening mammogram (MLO and CC

C

on both sides). (A and B) Right breast, (C and D) left breast. (E
and G) Section 1 (through the lower aspects of the lower quad-
rant). (E) Precontrast T1-weighted image. (F) Postcontrast.



Figure 7.28. (Continued) (G) Postcontrast subtracted. (H–J) Section
2 (through the upper aspects of the lower quadrant). (H) Precontrast
T1-weighted image. (I) Postcontrast. (J) Postcontrast subtracted.
(K–M) section 3 (through the upper aspects of the upper quadrants).
(K) Precontrast T1-weighted image. (L) Postcontrast. (M) Postcon-
trast subtracted. Note that the mammogram is not dense (ACR 2
pattern). Note the architectural distortion and stellate mass in the
lower outer quadrant on the mammogram of the right breast. Note
the possible second tumor visible on the right CC view in the central
quadrant of the right breast. The left breast was read normal. Note
the stellate mass in the lower outer and central quadrant of the left
breast. Note the associated scattered nonmass-related enhancement
in a segmental configuration, suspicious for an intraductal extension
(EIC) confirmed by biopsy. Note the in contralateral cancer with
irregular morphology, strong and early enhancement. The lesion was
occult also on directed breast ultrasound of the target area. Magnetic-
resonance–guided needle localization and biopsy was performed and
revealed a second breast cancer with different histology (duct inva-
sive) compared to the tubular cancer on the right.
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Figure 7.29. Screening for breast cancer in a 33-year-old patient
with documented BRCA1 mutation. (A) Screening mammogram
(MLO of the right breast). (B) Precontrast T1-weighted of the
dynamic series. (C) First postcontrast of the dynamic series. (D)
First postcontrast subtracted. (E) Signal time course of the
enhancing lesion. The mammogram was read normal. Note that
the breast is not very dense (ACR 3 glandular pattern). Note the
small irregular enhancing lesion in the lower outer quadrant.

Note absence of enhancement in the remaining right or left
breast, which makes the diagnosis of hormonal stimulation less
likely. Note the strong and early enhancement with washout.
Because morphology and kinetics are suspicious, the lesion was
rated BI-RADS 5. As directed physician-based high resolution
(7.5–11MHz) ultrasound was normal, MR-guided biopsy was
performed and revealed a small pT1a duct invasive breast cancer
grade 3. N0, M0.
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patients. In these cases, benign contrast enhancement
kinetics can help correctly classify these enhancing areas.

11.5. Assessing Tumor Grade and Prognosis

It has been extensively shown that tumor vascularity, as
revealed by histologic vessel density counts, correlates 
with tumor aggressiveness and malignant (in particular
metastatic) potential.2,3,5,100–103 Because contrast enhance-
ment patterns in dynamic breast MRI seem to be linked
with hypervascularity, the intriguing thought came up that
dynamic breast MRI might be useful for allowing a tumor
grading or assessing tumor aggressiveness or prognosis in
vivo. Several reports have been published investigating the
correlation between contrast enhancement rates or time
course features and prognostic factors such as histological
grading, lymph node status, S-phase fraction, and modern
proliferation indices (oncogenes/tumor suppressor genes)
such as c-erbB-1, c-erB-2, p53, or Ki-67. Unfortunately,
however, the results of these studies are inconsistent. In
two prospective studies, no correlation with any of the 
criteria used in dynamic breast MRI (enhancement rates,
maximum enhancement, washout rates, etc.) has been
obtained.104,105 Yet there are two studies that revealed a
highly significant correlation between contrast enhance-
ment in dynamic MRI and prognostic factors:106,107

Mussurakis reported on a strong correlation of enhanc-
ment rates and tumor grading as well as nodal status in 
53 patients with invasive breast cancers; Boné and cowork-
ers confirmed these findings in another 50 breast cancer
cases.

It is unclear from where the discrepancy between the
published studies stems. It is possible that the variability in
determining contrast enhancement rates if manually
drawn ROIs are used may account for some heterogene-
ity of results. This is supported by the fact that Mussurakis
reports that a statistically significant correlation between
enhancement rates and prognostic factors was only
obtained if an automatic ROI definition based on para-
metric images was used.

Studies on contrast-enhanced dynamic breast MRI of
explanted adenocarcinoma have been performed using
new blood-pool contrast agents, allowing assessment of
tumor vessel permeability, and, thus, of tumor angiogenic
activity grading. Hopes are high that, once these agents are
available for use in human subjects, an actual noninvasive
in vivo grading of breast cancers becomes feasible based
on preoperative breast MRI.

12. Future Directions

As explained, for optimal clinical results, MRI of the breast
should be performed with very high spatial and temporal
resolution. Several techniques are emerging that may help

with this task. New image-acquisition strategies (parallel
imaging), high-field MRI (3 Tesla and higher), and new
contrast media (macromolecular contrast agents) may
improve our ability to meet these requirements.

Parallel imaging such as sensitivity encoding (SENSE) is
a new approach to MRI acquisition.108 With multielement
surface coils, the spatial sensitivity gradient inherent to
surface coils can be exploited for encoding spatial informa-
tion in parallel with regular phase encoding. Depending on
the number of coil pairs, this translates into a proportional
increase of acquisition speed (twofold with a SENSE factor
of 2, etc.) without change in image contrast. The gain in
image acquisition speed can be invested in improving
spatial resolution at a given acquisition time or in im-
proving temporal resolution with high-matrix imaging.
Although SENSE imaging is fully integrated in routine clin-
ical practice for many body and MRI angiography applica-
tions, its use in breast MRI is lagging behind. The reason 
for this is that, because of the reduced number of phase-
encoding steps, using SENSE is associated with a reduction
of the SNR by about 30%. With the high-matrix dynamic
imaging technique that is required for breast MRI, this
results in borderline SNR. An ideal combination is to use
SENSE at high field systems (e.g., 3.0T): Magnets operat-
ing at 3.0T and higher are becoming increasingly available
in the clinical setting. With the inherently increased SNR
brought about by high-field systems, SENSE can be used to
acquire high-SNR, high spatial-resolution images with a
temporal resolution that ensures arterial-phase lesion con-
trast. Another approach to solve the temporal-versus-
spatial dilemma is to use contrast media that diffuse less
rapidly compared with the small gadolinium (Gd) chelates
that are in use today. One of the promising candidates for
this purpose is the blood-pool agent Gadomer (Schering,
Berlin, Germany). Originally designed as a new contrast
medium for MRI angiography (e.g.,coronary angiography),
it has been shown to provide an arterial-phase type of
lesion-to-parenchyma contrast not only for 2min but for a
period of about 30 to 45min. This would allow one to take
the time for very high spatial-resolution imaging.The result-
ing Gadomer-enhanced MRIs reveal cross-sectional views
through breast cancers with unprecedented anatomical
detail: It is to be expected that this will help further improve
the positive predictive value (PPV) of breast MRI. In addi-
tion,dynamic information could be obtained by doing bolus
tracking (first-pass perfusion imaging) with T2*-weighted
pulse sequences, as intravascular contrast agents allow a
much more accurate evaluation of lesion perfusion com-
pared with the rapidly diffusable Gd chelates.
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Even if contrast-enhanced breast magnetic resonance
imaging (MRI) is reserved for the clinical situations in
which the probability of finding a breast carcinoma is high,
there is still a greater probability of finding a benign lesion
on breast MRI than a carcinoma. An appreciation of
benign findings on breast MRI may be crucial to avoid
unnecessary biopsies. This chapter reviews the most
common benign lesions of the breast and attempts to char-
acterize their appearance on MRI.

1. Mass Lesions

1.1. Noncontrast-Enhanced Images

Conspicuity of mass lesions on fat-suppressed T2-weighted
(T2W) images generally depends on the water content of
the lesion.1,2 For example, simple cysts are very conspicu-
ous as they consist almost entirely of fluid surrounded by a
thin layer of epithelium. Similarly, myxomatous, cellular
fibroadenomas are high in signal on T2W images, but scle-
rotic, acellular fibroadenomas are not due to the fact that
the cellular water content is less.3 Lymph nodes are often
conspicuous on the T2W image due to their cellular content
and they appear high in signal.4 Assessing the T2W images
for high signal in the suspected area of a lymph node can
often confirm this diagnosis if the characteristic fatty hilum
is not apparent. Carcinomas can be high in signal on T2
especially if they are partially cystic or necrotic.This is par-
ticulary true for mucinous carcinoma, which has been
reported to be high in signal on T2 and may not demon-
strate typical malignant enhancement profiles.5

Generally, most mass lesions, benign and malignant, are
similar in signal intensity, isointense, to surrounding breast
parenchyma on fat-suppressed T2W images.4 Similarly,
mass lesions benign and malignant are isointense to
parenchyma on T1-weighted (T1W) noncontrast images
unless they contain proteinaceous material, such as break-
down products of blood. Cysts with varying amounts of

protein can be high in signal on T1W images before the
administration of intravenous contrast.1,2

1.2. Contrast-Enhanced Images

Lesions cannot be adequately assessed using T2 or T1
signal characteristics without the use of intravenous 
contrast. T1-weighted fat-suppressed contrast-enhanced
images increase both the sensitivity and specificity of the
breast examination by allowing better characterization of
lesion morphology, enhancement intensity, and kinetics.4,6,7

An MRI lexicon has been developed to standardize ter-
minology to be used in reporting breast MRI findings8

(see also Chapter 6).
Certain MRI findings are highly predictive of benign

disease. Shape and borders define masses morphologically.
For example, a round or oval shape of a mass has been
shown to carry a 97% to 100% predictive value for benig-
nity7–10 in some series. Other series11 however have shown
that up to 20% of carcinomas can have a benign appear-
ance on MRI with round, smooth appearing margins. It can
be safely stated that the classic benign characteristics seen
on mammography cannot be easily translated to MRI.
Many of the shape and border characteristics that are used
in assessment of breast lesions are not as reliably assessed
on MRI due to the inherent current lower resolution
obtained with MRI compared with that of mammogra-
phy.11 Possibly with improvement in protocols, as well 
as a shift to higher field magnets, increased resolution 
will be feasible so that morphologic architecture can be
optimized.

Masses with smooth or lobulated borders in one series
had a predictive value for benignity of 97% to 100%.7,9,10,12

Caution should be exercised, however, if a smooth or lob-
ulated mass has suspicious internal enhancement or rim
enhancement or if the lesion demonstrates washout kinet-
ics. As with mammography, the worst feature of the lesion
should be taken into consideration when trying to decide
how to manage such a lesion.8,13 Future series will demon-
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strate the predictive value of the MRI descriptors when
used in multiple settings.

Lack of enhancement is also helpful in distinguishing
benign from malignant disease. For example, complete
absence of mass enhancement carries a predictive value of
100% for benignity.4,14,15 Mass lesions that enhance less
than surrounding breast tissues usually are benign 93% to
100% of the time.12 Predictive values for enhancing lesions
vary, however; if an enhancing lesion has benign morphol-
ogy (such as the reniform shape of an intramammary
lymph node), the lesion is most likely benign.

Pattern of enhancement is also a considered feature in
MRI evaluation of lesions. For example, homogeneously
enhancing masses and lobulated masses with nonen-
hancing septations can carry a 93% to 97% predictive
value for benignity in some hands and are usually fibroade-
nomas.7,8,11,12,16 Rim enhancement is most predictive of
malignancy, usually seen with an invasive carcinoma;
however, rim enhancement can be a cause of false-positive
findings, sometimes associated with benign inflamed cysts
and fat necrosis. The appearance of an inflammatory cyst
is usually not a diagnostic dilemma when the rim is thin
and regular and the cyst does not enhance. T2-weighted
images usually confirm the presence of a cyst.11

Enhancement kinetic analysis is less reliable than 
morphology for evaluation of mass lesions.14 Quantita-
tively evaluated signal parameters do not differ signifi-
cantly between malignant and benign lesions. Generally,
though, progressive (or continuous) time intensity curves
suggest benign disease.2,4 Plateau kinetics may be identi-
fied in both benign and malignant disease.17 In both the
progressive and plateau curves, there is slower uptake of
contrast and no washout. Malignant entities, such as infil-
trating lobular carcinoma, medullary carcinoma, and
ductal carcinoma in situ (DCIS),2 can have benign looking
curves without washout.

1.3. Fibroadenoma

Fibroadenomas are the most common benign neoplasm of
the breast. They may occur in all age groups, but are most
common in young women with peak incidence in the 
30s. They may be solitary or multiple.2,3,18 Histologically,
fibroadenomas are most often smooth, occasionally lobu-
lated, circumscribed, round, or oval masses. They are com-
prised of epithelial and stromal elements surrounded by a
pseudocapsule.19 The epithelial component is composed of
gland-like, duct-like spaces containing terminal duct and
lobular tissues. The stromal elements consist of surround-
ing connective tissue containing varying amounts of colla-
gen and acid mucopolysaccharides.20,21 The predominance
of epithelial versus stromal components varies with age.21

The epithelial elements usually predominate in younger
women. In older postmenopausal women, the stromal
component dominates and may hyalinize or calcify.3,4,16

On noncontrast-enhanced T2W images, signal intensity
varies depending on the fluid content of the lesion. Cellu-
lar, myxomatous lesions, often seen in younger patients,
are high in signal1 (Figures 8.1 through 8.3). Less cellular
and sclerotic lesions, seen in older patients, vary from inter-
mediate to low signal intensity3,16,20 (Figures 8.4 through
8.6).

Fibroadenomas are of low signal on T1W noncontrast
images and most often cannot be distinguished from adja-
cent glandular tissues.4 On T1W contrast-enhanced images,
fibroadenomas are usually round, oval, or lobulated with
smooth, circumscribed margins. Cellular, myxomatous
fibroadenomas lesions demonstrate uniform and homoge-
neous enhancement. Forty percent to 60% of enhancing
fibroadenomato contain nonenhancing internal septations,
which, if seen, are diagnostic for benign fibroadenoma to
>95% certainty7,22 (Figure 8.7). Less cellular, fibroadeno-
mas enhance less or not at all. Sclerotic fibroadenomas do
not enhance at all. When there is no enhancement, there is
an almost 100% likelihood of benignity. The enhancement
kinetic curves generally are continuous or plateau.4,16

Phyllodes tumor is a variant of fibroadenoma. This rare
tumor has been previously inaccurately called cystosar-
coma phylloides or giant fibroadenoma.18,19 Histologically
phyllodes tumors are similar to cellular intracanalicular
fibroadenomas. They are distinguished by the presence of
epithelial-lined clefts and their rapid growth.19,23 T2-
weighted images show bright intensity from both the cel-
lular and cystic components of phyllodes tumors.
T1-weighted contrast-enhanced images demonstrate
intense enhancement with continuous or plateau kinetics.
Note should be made that a small percentage of these
lesions are considered malignant because they recur and
can metastasize.23

1.4. Papilloma

Papillomas may be solitary or multiple.When solitary, they
are usually small (<1cm) and located centrally near the
nipple in a major lactiferous duct; more than half are asso-
ciated with duct ectasia.18,24 Seventy percent to 80% of the
time, they present clinically with bloody nipple discharge
in women 30 to -55 years of age.19,25,26 When papillomas 
are multiple, they are more often peripherally located and
bilateral. They appear to arise from the terminal ductal
lobular unit (TDLU) rather than from a major duct and
much less often present as bloody nipple discharge.20,21

Rarely, the clinical presentation is a palpable mass.
There is a controversial slight increased association with
carcinoma.24,26

Conventional breast imaging modalities are of limited
utility. Occasionally, microcalcifications are seen on mam-
mography in the region of the lesion identified on MRI,
but usually papillomas are mammographically occult due
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Figure 8.2. Fibroadenoma. A 44-year-old with history of con-
tralateral phyllodes tumor. Mammogram and ultrasound corre-
late with enlarging mass in upper inner quadrant on MRI. (A)

High signal intensity mass on T2W precontrast image. (B)
Enhancing mass on T1W postcontrast-enhanced image. Note
absence of nonenhancing septations.

Figure 8.1. Fibroadenoma. A 54-year-old with family history of
breast cancer. Ultrasound shows solid, oval, well-circumscribed
mass. (A) High signal intensity mass on T2W precontrast image
(arrow). This and all following T2W images are fat suppressed.

(B) Heterogeneously enhancing mass on T1W postcontrast-
enhanced image (arrow). This and all following T1W images are
fat suppressed, unless otherwise noted.

A B
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Figure 8.3. Fibroadenoma.A 60-year-old woman. Status post left
mastectomy for infiltrating lobular carcinoma. Right breast ultra-
sound guided core biopsy yielded cellular epithelial lesion.
Surgical excision yielded cellular myxofibroepithelial lesion 

consistent with fibroadenoma. (A) High signal intensity 
mass on T2W precontrast image. (B) Enhancing mass on T1W
postcontrast-enhanced images.

Figure 8.4. Fibroadenoma. A 71-year-old woman. Status post
contralateral lumpectomy in distant past for invasive ductal 
carcinoma. New palpable left axillary adenopathy; lymph node
biopsy showed metastatic lobular carcinoma. Magnetic reso-
nance imaging guided needle localization of abnormal enhance-
ment in the lower inner quadrant of the left breast yielded

infiltrating lobular carcinoma. Magnetic resonance imaging
guided needle localization in the upper inner quadrant yielded
fibroadenoma associated with lobular carcinoma in situ and scle-
rosing adenosis. (A) T2-weighted image does not reveal a mass
compatible with a less cellular histolopathology. (B) Enhancing
mass with nonenhancing septations on T1W postcontrast image.
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Figure 8.5. Fibroadenoma. A 47-year-old woman. Status post
right lumpectomy for infiltrating ductal carcinoma, tubular 
type, and DCIS. Left breast with mammographically stable 
calcified fibroadenoma. (A) Mass is isointense with signal void of

calcifications on T2W image (arrows). Note high signal in cysts.
(B) Faint enhancement on delayed T1W postcontrast-enhanced
image (arrows).

Figure 8.6. Fibroadenoma. A 78-year-old, status post contralateral lumpectomy. (A) Circumscribed heterogeneous moderate signal
intensity mass on T2W image (arrow). (B) Mass is also identified on T1W precontrast image.

A B
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Figure 8.6. (Continued) (C) No enhancement on T1W postcontrast enhanced scan. (D) Subtraction image shows no enhancement.

Figure 8.7. Fibroadenoma with nonenhancing areas. A 48-year-
old woman. Status post right mastectomy for infiltrating ductal
carcinoma. Left breast with palpable mass with mammographic

and ultrasound correlates. (A) Mass with high intensity signal on
T2W image. (B) Enhancing mass with nonenhancing areas on
T1W postcontrast image (arrows).

to their small size and central location. A sonogram may
show a dilated duct with or without an intraductal mass.
Galactography may show a dilated duct containing a soli-
tary frond-like filling defect.26

Histologically, papillomas consist of villous, branching,
and interanastomosing papillae with a central vascular
core, usually connected to the duct wall by a delicate stalk.
Papillomas may undergo fibrosis or infarction.24,25,27 Most

C D
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papillomas are occult on MRI, except when associated with
a dilated duct (Figures 8.8 through 8.10). On fat-suppressed
T2W images, a high signal intensity dilated central duct
may contain a small intermediate signal mass.25,28

Papilloma and its associated dilated duct are of low
signal intensity on T1W no-contrast images; however, if the

duct fluid is hemorrhagic or of high protein content, it 
will appear bright.22 On T1W fat-suppressed contrast-
enhanced images, papillomas enhance intensely and 
uniformly as round, circumscribed, often subareolar small
masses, except if they are sclerosed and there is no
enhancement at all.3,4,28
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Figure 8.8. Papilloma-dilated duct with mass. A 54-year-old 
with right spontaneous bloody nipple discharge. Ductogram, (A)
cranial-caudal and (B) lateral-medial projections, demonstrates
filling defect at proximal end of dilated duct (arrows). (C) T1-

weighted precontrast image shows high signal proteinaceous 
or hemorrhagic fluid in a dilated duct (arrow). (D) T1-weighted
postcontrast enhanced image demonstrates slight enhancement
of the mass filling defect (arrow).
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Figure 8.9. Papilloma-papillomatosis.A 55-year-old woman with
history of remote contralateral ductal carcinoma in situ. History
of multiple papillomas. (A) Multiple high signal intensity areas
consisting of dilated ducts seen on T2W image. Arrows demon-

strate associated masses that subsequently enhance. (B) T1-
weighted postcontrast image demonstrates multiple enhancing
masses associated with dilated ducts. Biopsy yielded two scleros-
ing papillomas associated with atypical duct hyperplasia (arrows).

Figure 8.10. Papilloma-solitary lesion. A 48-year-old woman with contralateral infiltrating ductal carcinoma. (A) Moderately signal
intensity on T2W-weighted image (arrow). (B) Enhancing mass on T1W postcontrast image.

1.5. Cysts

Breast cysts are common; they are the most common lesion
seen on MRI. Cysts are usually multiple and often wax and
wane with the menstrual cycle. True cystic disease occurs
most often between the ages of 45 to 55 due to hyperpla-

sia of ductal epithelium and dilatation of ducts during the
menstrual cycle not balanced by regressive parenchymal
changes.19,20 Histologically, a cyst is a focal dilatation of a
duct. It is a fluid collection surrounded by a thin layer of
apocrine epithelium. The fluid may be clear and straw-
colored, but, if there has been intracystic hemorrhage or

A B
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Figure 8.11. Cyst. A 49-year-old woman. Status post contralateral mastectomy for infiltrating ductal carcinoma. (A) High signal
intensity circumscribed mass on T2W images. (B) No enhancement on T1W postcontrast image. Note anterior duct ectasia.

inflammation, the fluid may be thick or layering,2 green or
black from breakdown products of blood. The wall of the
cyst may be thick if there is organized chronic inflamma-
tory cells and fibrosis.

On T2W noncontrast images, simple cysts are charac-
teristically very high fluid-signal, round, sharply circum-

scribed masses (Figure 8.11). On T1W fat-suppressed pre-
contrast images, simple cysts exhibit signal intensity less
than or equal to surrounding breast tissue. If the cyst fluid
contains protein from blood products, however, inter-
mediate-to-high signal intensity, depending on the protein
content, is seen (Figure 8.12). On T1W fat-suppressed 

Figure 8.10. (Continued) (C) Very low signal intensity mass on
T1W non–fat-suppressed image (arrow).

C
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Figure 8.12. Hemorraghic inflamed cyst. A 57-year-old with
history of contralateral ductal carcinoma in situ. (A) High signal
mass on T2W images. (B) Low-to-moderate signal proteinaceous

debris within the mass on T1W precontrast images. (C) Subtrac-
tion images show only thin rim enhancement.

contrast-enhanced images, simple cysts do not enhance. If
there has been inflammation with organization, there 
may be thin peripheral rim enhancement9 (Figures 8.13
and 8.14). Caution should be taken to differentiate an

inflamed cyst from carcinoma as the latter may exhibit
similar MRI features. To be confident of the diagnosis of
cyst, the peripheral rim enhancement must be thin and
smooth; there must be no central enhancement and the
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Figure 8.13. Inflammatory cyst. A 65-year-old woman with con-
tralateral ductal carcinoma in situ. (A) High signal intensity cir-
cumscribed mass on T2W images. (B) Thin rim enhancement on

A B
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T1W postcontrast images. (C) Thin rim enhancement on sub-
traction image.
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Figure 8.14. Inflammatory cyst. (A) High signal circumscribed
masses on T2W image (straight and curved arrows). (B) Low-
to-moderate signal proteinaceous material in more anteriorly
located lesion on T1W precontrast image (straight arrow).

(C) More anterior lesion does not enhance (straight arrow) and
posterior lesion demonstrates thin rim enhancement on T1W
postcontrast image (curved arrow).
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T2W noncontrast images must not demonstrate signal less
bright than that of fluid.9

1.6. Fat Necrosis

When necrosis of fat cells occurs, from loss of vascular
supply from surgery, radiation, or other trauma, enzymes
lipolyze the content of adipocytes.18,21 Histologically, recent
fat necrosis consists of a collection of inflammatory cells,
lipid-laden macrophages, histiocytes, and hemorrhage.19

As time goes by the necrotic tissues become surrounded
by giant cell granulomatous reaction, much later by 
fibrosis.19,21 Saponification of the fat may occur, leading to
the presence of calcification. A painless mass may be the
clinical presentation.

T1-weighted noncontrast images show very low signal
intensity mass of variable shape, surrounded by a rim of
variable signal intensity (Figures 8.15 through 8.17).
Non–fat-suppressed noncontrast T1W images can be
extremely helpful in confirming the impression of fat 
necrosis by revealing bright fat signal centrally within the
enhancing lesion. The appearance of fat necrosis on 
T1W contrast-enhanced images is variable. The variability
in MRI characteristics is due to the various stages in devel-
opment, maturation, and resolution of fat necrosis. When
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Figure 8.15. Fat necrosis. (A) Focal high signal on T1W preconstrast non–fat-suppressed image consistent with fat necrosis (arrow).
(B) Subtraction image demonstrates only rim enhancement.

Figure 8.16. Fat necrosis. A 58-year-old status post reduction
mammoplasty 5 years ago. Slight rim enhancement on T1W 
subtraction.
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the MRI findings are florid, fat necrosis may be indistin-
guishable from malignancy. There may be a central 
nonenhancing stellate,4 irregular mass with surrounding
prominent thick, irregular rim enhancement. Enhancing
septations may be identified. History of trauma and mam-
mographic features are helpful to distinguish.Additionally,
comparison with the mammogram can be invaluable in
cases in which fat necrosis is suspected as characteristic oil
cysts, calcifications, and distortion can be seen.

1.7. Lymph Node

Lymph nodes are part of the normal anatomy of the breast.
They are seen most commonly in the axilla and axillary
tail,27 but they may also be identified in other quadrants,
though less commonly in the lower inner quadrant.29 Mag-
netic resonance imaging demonstrates lymph nodes in the
posterior breast that have heretofore been out of the field
of imaging.These can be identified in many normal breasts.
Normal lymph nodes are oval and circumscribed and
usually measure up to 1.5cm and may be related to a cours-
ing vessel. Sometimes a vessel extending up to the lymph
node hilum is seen. The classic reniform shape and char-
acteristic location can usually confirm the impression of a
lymph node.

Contrast-enhanced T1W fat-suppressed images gener-
ally show a circumscribed enhancing mass (Figures 8.18
and 8.19). Occasionally, a nonenhancing central hilum 
can be identified. Kinetic analysis of normal lymph nodes
shows rapid enhancement and washout, typical for malig-
nancy. Therefore, lymph nodes can be confused with carci-
noma if only the kinetic curves are considered.T2W images
demonstrating a high signal mass reassure the presence 
of a probable lymph node despite the kinetic pattern.
Hyperplastic or inflammatory lymph nodes usually cannot
be distinguished from metastatic lymph nodes.30 Extreme
irregularity of a lymph node in the axilla can raise the sus-
picion of metastatic involvement with extranodal exten-
sion. A central fatty focus in an oval circumscribed mass
confirms the presence of a normal lymph node in a T1W
non–fat-suppressed noncontrast imaging series. Preopera-
tive detection of metastases can be performed though is not
highly sensitive31 as small areas of nodal involvement 
are not assessed.32 With the widespread use of sentinel
lymph node biopsy and the possibility of detection of
micrometastatic disease, the sensitivity of MRI in the eval-
uation of metastatic disease may not be high enough to
compete with sentinel node biopsy.

1.8. Hamartoma

These are rare, solitary benign malformations that 
resemble neoplasms, but result from faulty development 
of breast tissues. They are circumscribed lesions contain-
ing varying amounts and combinations of normal breast
tissue, mature fat, adipose tissue, muscle and connective
tissue, surrounded by a thin fatty capsule.19 The nomencla-
ture varies with the dominant component histologically.18,20

They have a diagnostic mammographic appearance, and
MRI is usually not needed for their diagnosis.

On T1W fat-saturated contrast-enhanced images, there
may be some slight enhancement if glandular elements 
are prominent. The fatty capsule may be seen if non–fat
suppressed series are used.4

1.9. Abscess

Abscesses can result from unresolved local infection,
caused by obstruction of the duct near the nipple and
acute, chronic, or lactational mastitis. They are usually pal-
pable, often subareolar in location and associated with ery-
thema, edema, and induration of overlying skin and pain.21

Noncontrast T2W images show focal moderate-to-high
signal mass depending on the water content (Figure 8.20).
Shape and margins vary from round to irregular. The 
overlying thickened skin may be intermediate or bright in
signal depending on the degree of edema4 (Figure 8.21).

T1-weighted noncontrast images show the central mass
as medium signal with a lower signal capsule surrounding
the mass.4 Contrast-enhanced T1W images demonstrate a
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Figure 8.17. Fat necrosis. A 49-year-old status post mastectomy
with TRAM flap reconstruction in 2001. Now with new palpable
mass in TRAM flap. Nonenhancing complex mass with enhanc-
ing septations on contrast-enhanced T1W image. Note low signal
central, nonenhancing fat.
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Figure 8.18. Lymph node.A 60-year-old woman status post right
lumpectomy in 1996. Chest wall recurrence 2001. Computed
tomography showed enlarging mass in contralateral breast. (A)
Moderately high signal mass identified in lower inner quadrant
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on T2W image (arrow). (B) Enhancement on T1W postcontrast
image. (C) Circumscribed, oval, low signal mass with no central
fatty hilum on T1W precontrast non–fat-suppressed image,
proved to be posterior intramammary lymph node (arrow).
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Figure 8.19. Lymph node. A 50-year-old woman status post left
lumpectomy in 2001. (A) Circumscribed moderately high signal
intensity mass on T2W image. (arrow). (B) Enhances on T1W post-
contrast image. (C) T1-weighted non–fat-suppressed image demon-
strates correlating mass with bright central fatty focus of lymph node
hilum (arrow). Note marker over scar from prior lumpectomy site.

nonenhancing central, round, or irregular mass surround
by an early intensely enhancing rim. The surrounding
inflammatory tissues may enhance moderately and irregu-
larly and may be thickened. Abscess may be confused with

malignancy because the enhancement kinetics of the rim
and the irregular appearance of the overlying tissues are
similar. History and clinical examination will be helpful to
distinguish from carcinoma.33
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Figure 8.20. Abscess. A 51-year-old with history of mastitis.
Hypermetabolic lesion identified on PET scan. (A) High signal
intensity mass on T2W image. (B) Intermediate signal on T1W
precontrast image (arrow). Note high signal proteinaceous debris

in ducts. (C) Subtraction image demonstrates irregular rim
enhancement. Cannot distinguish abscess from malignancy on
magnetic resonance; pathology yielded findings consistent with
abscess.
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2. Nonmass Lesions

2.1. Fibrocystic Disease

Fibrocystic disease is the most common, most often bilat-
eral, disorder of the breast. It is the result of distortion and
exaggeration of normal menstrual cyclic changes of ductal
epithelium and stroma.18,20,21 Histopathologically, fibrocys-
tic disease, also called chronic cystic mastitis or mammary
dysplasia, is not a single discrete entity. Nonproliferative
fibrocystic changes, which are not associated with an
increased risk to breast cancer, consist of cysts of varying
sizes, stromal fibrosis, and apocrine metaplasia. Prolifera-
tive fibrocystic changes include hyperplasia without atypia,
papillomas, and sclerosing adenosis. Atypical hyperplasias,
such as atypical lobular hyperplasia and atypical ductal
hyperplasia, included in the spectrum of fibrocystic
disease,4,19,20,21 may be associated with a slight increased
risk for cancer.

Fibrocystic parenchyma is most often difficult to distin-
guish from normal breast parenchyma on both T2W and
T1W noncontrast imaging series (Figures 8.22 and 8.23).
This is because fibrocystic parenchyma, like normal
parenchyma, has a variable appearance dependent on the
water and collagen content of the tissues.14 The pattern
may be similar to that seen on the mammogram. One may
identify clusters of small cysts, less than 3mm. On T1W

8. Benign Lesions 157

Figure 8.21. Abscess cavity with overlying edema on fat-
suppressed T2W images.

Figure 8.22. Fibrocystic disease. (A) Many small high intensity focus on T2W image. (B) Stippled enhancement on T1W postcon-
trast enhanced image.
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contrast-enhanced images, however, there may be a
prominent presence of stippled regional enhancement.2,8,12

Occasionally, this pattern may seem to coalesce and appear
as a region of clumped enhancement or even as a hetero-
geneous large mass.12

Proliferative changes, such as sclerosing adenosis, may
appear as mass-like lesions due to the compression of
stroma with distortion or the glandular elements. These
patterns are difficult to distinguish from carcinoma or
DCIS.12 Generally, if these patterns vary with the men-
strual cycle, least conspicuous in mid-cycle, the diagnosis
of fibrocystic disease is more likely. Evaluation of enhance-
ment kinetics can be helpful if continuous or plateau
kinetic patterns are observed.6,14,17

2.2. Sclerosing Adenosis

Sclerosing adenosis is one of the benign causes of
enhancement on MRI.The enhancement may be patchy or
more diffuse (Figure 8.24). The MRI enhancement pattern
depends on its histologic pattern. Histologically, sclerosing
adenosis consists of swirls of desmoplastic proliferation
with variable amounts of epithelium and myoepithelium.
These may appear in a lobulocentric pattern and may be
confused with tubular carcinoma. They also may assume
an infiltrative pattern and may be confused with invasive
lobular carcinoma. Sclerosing adenosis may also be asso-
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Figure 8.23. Fibrocystic disease. (A) Two circumscribed high signal intensity masses seen on T2W image. (B) T1-weighted postcon-
trast image demonstrates no enhancement of the cysts and stippled enhancement through the breast.

Figure 8.24. Sclerosing adenosis. T1-weighted postcontrast
image demonstrates irregular enhancement in the posterior
breast. There is stippled benign enhancement throughout the
remained or the breast. Surgical biopsy yielded nodular scleros-
ing adenosis.
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ciated with the stromal components of other benign lesions
such as radial scars papillomas, and fibroadenomas.3,19,21

2.3. Radial Scar

This lesion has been described in the literature by many
names, including radial sclerosing lesion, complex scleros-
ing lesion, sclerosing papillary proliferation, nonen-
capsulated sclerosing lesion, and indurative mastopathy.
Pathologically, radial scar has a stellate configuration con-
sisting of a central fibroelastic sclerotic core. Radiating
from this core are proliferative elements consisting of
epithelial hyperplasia, papillomatosis, and sclerosing
adenosis. There is a known association with malignancy,
usually tubular carcinoma, particularly if the lesion is
greater than 2cm in women older than 50 years of age in
25% of cases.3,19,21

Imaging features of the radial scar present a diagnostic
challenge. The features can appear as a spiculated mass,
suggesting the presence of invasive carcinoma on mam-
mogram and ultrasound. On MRI, contrast-enhanced T1-
weighted images show an enhancing irregular or spiculated
mass that is indistinguishable from carcinoma (Figures 8.26
and 8.27). For this reason, biopsy is required. Enhancement
is usually heterogeneous; kinetic patterns are unreliable
and can overlap.34
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Figure 8.25. 46-year old with recent diagnosis of breast carci-
noma undergoes contralateral screening breast MRI. A spicu-
lated mass is identified in the 12 o’clock axis of the breast. MR
localization and surgical biopsy of the lesion yielded florid fibro-
cystic changes, including radial scars.

Figure 8.26. Radial scar. Small spiculated, enhancing mass on
T1W postcontrast images, which yielded radial scar at surgery
(arrow). Note suboptimal positioning with inferior skin fold.

Figure 8.27. Radial scar. Small spiculated enhancing mass on
T1W postcontrast images, which yielded radial scar at surgery
(arrow).



2.4. Parenchymal Scar

Another diagnostic challenge is normal scar versus recur-
rence of carcinoma in the conserved or reconstructed
breast. It is known that if a postsurgical scar is enlarging
on mammography, becoming denser or more spiculated
over time, recurrence should be suspected. Also, new
appearance of clustered pleomorphic calcifications sug-
gests recurrence. Ultrasound may be helpful if, by com-
parison to a previous study, the hypoechoic parenchymal

scar with or without acoustic shadowing appears larger,
more nodular, or speculated.4

Contrast-enhanced MRI has been helpful in the evalua-
tion of this problem. The MRI appearance of normal scar
evolves over time. Immediately after surgery, there is
usually a resolving hematoma that appears bright on T2W
noncontrast images. On T1-weighted contrast-enhanced
images, there may be vaguely nodular, rim, or linear mild-
to-moderate (usually late) enhancement, surrounding the
operative bed (Figures 8.28 through 8.30).This is due to the
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Figure 8.28. Scar. A 66-year-old woman, status post lumpectomy for
DCIS and invasive ductal carcinoma. (A) T2-weighted and (B) T1W
postcontrast images demonstrate marked skin retraction and
parenchymal distortion consistent with postoperative scar. (C) Sub-
traction image demonstrates no enhancement of the lumpectomy
bed.
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Figure 8.29. Scar. Status post reduction mammoplasty.
(A) One month postoperative T1W postcontrast enhanced image
demonstrates linear, nonductal postoperative change (arrows).

(B) Seven month postoperative T1W postcontrast image shows
resolution of immediate postoperative change. Nonenhancing
parenchymal scar is identified.

Figure 8.30. Scar. Status post surgical benign biopsy.
(A) Post surgical T1W postcontrast-enhanced image demon-
strates irregular subareolar enhancement. (B) Six-month follow-

up T1W contrast-enhanced images shows almost complete reso-
lution of postoperative changes.
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presence of granulation tissue with ingrowth of vessels,
fibroblasts, and inflammatory response. Enhancement
kinetic patterns of early scar and recurrence can overlap as
both can demonstrate washout. By 3 to 6 months, however,
the normal parenchymal scar has generally matured into
nonenhancing dense fibrosis, reliably differentiated from
enhancing recurrence on MRI. The appearance of scar in
the irradiated breast follows a similar histologic course and
1 year following radiation, there should be no enhancement
of the operative bed on T1W contrast-enhanced images or
in the remainder of the breast.4,35–37

3. High-Risk Lesions

The diagnosis of a high-risk lesion such as lobular carci-
noma in situ (LCIS), atypical ductal hyperplasia (ADH),
and atypical lobular hyperplasia may be important for a
selected patient as these diagnoses confer a specific risk of
developing breast cancer.These high-risk markers indicate
increased future risk rather than the specific precursor
lesion of breast cancer. The future increased risk applies to
both breasts equally and not just to the breast where the
high-risk lesion was found.

3.1. Lobular Carcinoma In Situ (LCIS)

Since the earliest days of breast MRI, it has been noticed
that LCIS can be a cause of false-positive enhancement.
On mammography, LCIS is usually found as an incidental
finding on pathology when biopsy is performed for calcifi-
cations. The familiar characteristic lack of specific imaging
findings for LCIS on mammography may not hold true for
MRI. Lobular carcinoma in situ has been shown to have
features that can be suspicious for malignancy. Although
little has been published about the appearance of LCIS on
MRI, in our experience LCIS constitutes 10% of suspi-
cious linear ductal enhancement.38

3.2. Atypical Ductal Hyperplasia (ADH)

Histopathologically, areas of ADH show some but not all
of the characteristics of ductal carcinoma in situ. The risk
of developing carcinoma following the diagnosis of ADH
is five times the general population. If there is a coexistent
family history, the risk increase is increased to 11. In our
experience ADH constitutes 9% of suspicious linear ductal
enhancement.38
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Ductal carcinoma in situ (DCIS) is malignancy confined to
the ducts of the breast and, therefore, is considered a prein-
vasive form of cancer. Since the advent of widespread
mammographic screening, ductal carcinoma is found more
frequently and is now responsible for up to approximately
one-third of detected breast cancer.1 The early detection
of DCIS is thought to be one of the reasons for the
decrease in breast cancer mortality. However, controversy
with regard to the importance of DCIS exists because not
all DCIS progresses to invasive carcinoma. At this writing,
it is not possible to determine which DCIS lesion will 
ultimately invade; therefore, all DCIS lesions are treated
as potentially lethal. However, there is evidence that 
suggests that approximately 30% to 50% of DCIS will
progress to invasive carcinoma.2 This supports the theory
that the treatment of this preinvasive cancer will offer
benefit to the patient.

1. Mammography and Ductal
Carcinoma In Situ

Traditionally, the mammographic detection of DCIS
depends on the presence of suspicious microcalcifications.
Ductal carcinoma in situ is calcified in up to 90% of cases.1,3

However, all breast cancer does not contain calcifications,
as only approximately 30% to 40% of invasive breast
cancer is calcified.4 As DCIS is considered to be the 
predisposing factor for the development of invasive 
carcinoma, we are, therefore, likely missing DCIS on 
mammography.

In a study by Dershaw and colleagues,1 41% of DCIS
were greater than 2.5cm and all were seen as multicentric
on mammography. Additionally, contralateral DCIS, in
patients with known invasive cancer or DCIS, was seen 
in 26% of cases.1 Additionally, Page and coworkers5

have determined that 28% of women with biopsy yielding

DCIS subsequently develop invasive carcinoma. There-
fore, in women with known breast cancer, a higher likeli-
hood of undetected ipsilateral or contralateral cancer
exists.

Holland and Hendriks6,7 suggest that mammography is
not always able to detect the actual size of tumor as well
as extent of disease in the breast. Previously published
series by Holland, Hendriks, and coworkers,7 examining
early stage breast cancer, showed that only 37% of mas-
tectomy specimens demonstrated no surrounding tumor,
while 20% had tumor foci within 2cm of the index tumor,
and 43% had tumor greater than 2cm from the index
tumor. Therefore, a significant number of women have
unsuspected and undetected tumor in the same and/or 
different quadrants of the breast. Because surgical plan-
ning relies on the accurate detection of disease, and not all
DCIS lesions are calcified and therefore not always
detected, additional imaging modalities may prove useful
in assessing disease extent, particularly in early stage
breast cancer such as DCIS. Magnetic resonance imaging
(MRI) has been shown to be more sensitive than mam-
mography in detection of additional sites of invasive
cancer as well as in situ cancer.

It has been shown that the most common mammo-
graphic appearances of calcifications caused by DCIS are
linear/branching, coarse granular, or fine granular calcifi-
cations.3,6,8 The linear calcifications represent casts of 
calcifications in necrotic tumor along the ducts.6 However,
much overlap exists between the mammographic appear-
ance of DCIS and nuclear grade; therefore, mammo-
graphic patterns of calcifications are not able to predict
pathology. However, mammographic patterns can indicate
the probable aggressiveness of the tumor. For example,
Evans and coworkers9 claim that the findings of casting 
calcifications typical of necrosis favor a more aggressive
subtype of DCIS. Similarly, Slanetz and coworkers10 have
observed that a mass seen mammographically indicates a
higher likelihood of well-differentiated cancer, or a lower
grade.

9
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2. Magnetic Resonance Imaging and
Ductal Carcinoma In Situ

Magnetic resonance imaging has been documented to be
capable of depicting up to 100% of invasive breast carci-
nomas.11–21 However, the accurate detection of DCIS by
MRI has not yet been confirmed. Experience with DCIS
and MRI is limited. Previously published series suggest
that MRI is less capable of detecting DCIS than invasive
cancer with the accuracy in detection of DCIS ranging
from 20% to 95% (Table 9.1).11–13,15,17,20–30 A recently pub-
lished series by Menell and colleagues31 at our institution
reports a sensitivity of 88% in the MRI detection of DCIS.

Magnetic resonance imaging is capable of detecting not
only calcified DCIS, but also noncalcified DCIS, therefore
improving the evaluation of disease extent. Magnetic 
resonance imaging does not identify calcifications. Some
reports suggest that the larger calcifications associated
with the comedo subtype can be detected as small areas of
hypointensity, but these have not been reproduced. In
general, DCIS is seen as clumped enhancement in either a
focal, ductal, linear, segmental, or regional distribution on
MRI.

Magnetic resonance imaging enhancement of DCIS is a
complex phenomenon. According to Knopp and cowork-
ers,32 the pathophysiology behind the enhancement pat-
terns of DCIS is not clear. However, research states that
vascular permeability appears to play a more significant
role than vascular density in determining specific enhance-
ment patterns.32 Earlier research by Guidi and coworkers33

describes two patterns of angiogenesis in DCIS. The first is
a diffuse increase in microvessels, while the second is due
to increased microvessels to a specific area with possible
vascular cuffing.33 Buadu and colleagues34 support these
results, claim that there is a correlation between the rate

of contrast enhancement and microvessel density, and con-
clude that the analysis of the degree of tumor angiogene-
sis may help determine various enhancement patterns in
benign and malignant lesions. More research should be
done to further clarify these issues.

Efforts to document the sensitivity of MRI in the detec-
tion of DCIS have been made and the literature reflects
wide variations in sensitivities. The range of sensitivities
may be due to variations in interpretation and imaging
techniques used by different investigators. For example, in
a study performed by Fischer and coworkers,28 DCIS was
found in 72% of patients, with only 60% of cases demon-
strating a kinetic curve that was suggestive of malignancy.
This study, however, based the results using dynamic MRI
rather than high-resolution imaging.28 Similarly, Sittek and
coworkers29 published a study documenting that the sensi-
tivity of MRI in the detection of DCIS was 70%. But, in
combination with mammography, the sensitivity increased
to 90%.29 The authors claimed that no reliable pattern of
enhancement was identified, as DCIS appeared as multi-
focal enhancement, as a random finding, or even without
enhancement in 30% of cases.29 However, the study was
performed on a 1.0 Tesla (T) magnet, with a lower signal-
to-noise ratio. In general, most investigators have found
that DCIS does not demonstrate typical enhancement
curves.

In a recent study by Hwang and coworkers,35 MRI was
found to be 88% accurate in detecting residual disease,
82% accurate in detecting invasive disease, and 90% in
detecting multicentric disease. Furthermore, in patients
following surgery, the sensitivity in the detection of resid-
ual and multicentric disease was 96% and 86%, respec-
tively.35 This study also claims that a negative MRI can rule
out residual disease, occult invasive cancer, and multicen-
tric disease.35

An additional study by Westerhof and colleagues27

compared mammographically evident calcifications and
MRI findings to determine benign from malignant lesions.
Again, their low sensitivities were described to be a result
of a variable imaging pattern of enhancement by DCIS,
and the investigators concluded that calcifications seen by
mammography should be investigated using traditional
biopsy techniques.27

3. Magnetic Resonance Imaging of
Mammographically Evident
Calcifications

As MRI techniques have been developing over the years,
it has been hypothesized that MRI of suspicious microcal-
cifications could determine the need for biopsy. However,
this has not always been the case. For example, Gilles and
colleagues12 described that MRI was not capable of 
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Table 9.1. Sensitivities in the MRI Detection of DCIS

Study Sensitivity

Orel et al., 199511 4/6 (67%)
Gilles et al., 199523 34/36 (94%)
Boetes et al., 199517 7/8 (88%)
Fobben et al., 199520 2–3/5 (40%–60%)
Soderstrom et al., 199624 5/5 (100%)
Gilles et al., 199612 56/58 (97%) (3 cases of LCIS

were included)
Bone et al., 199619 14/17 (82%)
Fischer et al., 199628 25/35 (72%)
Sittek et al., 199729 14/20 (70%)
Orel et al., 199722 10/13 (77%)
Boetes et al., 199725 13/17 (76%)
Westerhof et al., 199827 22/33 (67%)
Viehweg et al., 200026 48/50 (96%)
Zuiani et al., 200230 26/28 (92.85%)
Menell et al., 200331 29/33 (88%)



distinguishing benign and malignant calcifications due to
poor specificity. Westerhof and colleagues27 reported
similar results. However, another study by Nakahara and
colleagues36 evaluated mammographically evident calcifi-
cations and MRI enhancement patterns and reported a
100% sensitivity for DCIS and DCIS with microinvasion.
These results stated that MRI was more reliable than
mammography in differentiating benign from malignant
calcifications and concluded that microcalcifications
without MRI enhancement may not need biopsy.36

However, as only 40 cases were included in their study, and
those cases of DCIS with microinvasion were included,
other research must be done to support these findings.
Our research at Memorial Sloan-Kettering Cancer Center
(MSKCC) also demonstrated that the majority of mam-
mographically evident calcifications associated with DCIS
were visualized on MRI.31 However, we support previous
research by Westerhof and coworkers27 and recommend
that mammographically evident suspicious microcalcifica-
tions without corresponding MRI enhancement should be
biopsied using traditional methods.

Other research demonstrates higher sensitivities in the
MRI detection of DCIS, but also identifies limitations in
DCIS detection. For example, Viehweg and coworkers26

concluded that 96% of DCIS lesions were demonstrated
by MRI, but only one-half of lesions met the criteria for
“typical enhancement” with an early, focal, poorly defined,
or ductal pattern.This study concluded that DCIS may fre-
quently demonstrate atypical enhancement patterns.26 Fur-
thermore, a study by Gilles and coworkers23 demonstrated
contrast enhancement in 94% of DCIS lesions. While this
study demonstrates an equally high sensitivity as that of
Viehweg and colleagues,26 one-third of cases of DCIS con-
tained foci of microinvasion, perhaps falsely elevating their
sensitivity. Additionally, Orel and colleagues22 described a
77% sensitivity in the MRI detection of DCIS, and rec-
ommended that MRI was able to detect both mammo-
graphically evident and occult DCIS. Limitations of MRI,
however, included small foci of tumor that may be evident
at mammography and pathologic examination, but not
visualized with MRI.22 Our experience at MSKCC demon-
strated a sensitivity of 88% in the MRI detection of pure
DCIS and excluded cases of microinvasive tumor.31

4. False-Negative Results by Magnetic
Resonance and Mammography

As previously stated, DCIS is calcified in approximately
90% of cases that are detected mammographically.1,3

However, only approximately one-third of mammograph-
ically evident calcifications is detected in invasive ductal
carcinoma.4 Because DCIS is considered to be, if not
always, the predisposing factor for invasive ductal carci-

noma,5,37 we are probably missing a considerable propor-
tion of DCIS on screening mammography.

The false-negative rate for the MRI detection of DCIS
has varied in the literature. Reported sensitivities for the
MRI detection of DCIS vary from 20% to 95%.11–13,15,17,20–30

Therefore, the false-negative rate ranges from 5% to 80%.
Boetes and colleagues25 examined false-negative cases of
breast carcinoma in MRI, and concluded that MRI missed
up to 4% of cases. However, DCIS lesions accounted for
the largest percentage of MRI occult lesions, as the false-
negative rate for the MRI detection of DCIS was 23.5%.25

However, our experience has been different. We have
found a sensitivity of 88%, with a false-negative rate of
12%, which was better than mammography in both sensi-
tivity and false-negative rate.31 As our patient population
was a high-risk population, more research needs to be
done to assess the false-negative rate in a screening popu-
lation of patients.

5. Nuclear Grade

It has been suggested that the nuclear grade of a DCIS
lesion affects enhancement, or even, lack of enhancement.
Some previous reports have postulated that high-grade
DCIS is detected more easily than low grade.25,27,28

However, other researchers have concluded that there is
no significant difference in the detection of high-versus
low-grade DCIS.11,15,22,23,26 Our experience supports these
findings.31 In fact, our research showed that there was no
significant difference in the nuclear grade of DCIS found
by mammography or MRI.31

6. Significant Ductal Carcinoma 
In Situ Lesions on Magnetic 
Resonance Imaging

Just as the description of a significant DCIS lesion on
mammography has been documented, so has the appear-
ance of DCIS lesions on MRI. The mammographic deter-
mination of DCIS usually depends on the presence and
appearance of calcifications, as DCIS lesions infrequently
present as masses. The most common pattern of DCIS
mammographically is linear/branching calcifications due to
tumor necrosis within the ducts.6

The most common appearances of DCIS lesions on MRI
are documented in Table 9.2. Similar to mammography,
linear/ductal enhancement patterns are the most common
(Figure 9.1). Segmental, regional, mass, or diffuse en-
hancement is less common (Figures 9.2 through 9.5). Our
experience supports this theory, as 62% of DCIS lesions
demonstrated linear/ductal enhancement.31 Mass enhance-
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Table 9.2. Enhancement Pattern in the MRI Detection of DCIS

Enhancement

Poorly
Study Linear/Ductal Clumped Nodular Focal Regional Segmental Mass Defined Diffuse

Orel et al., 199511 3 1
Gilles et al., 199523 12 4 10 8
Soderstrom et al., 199624 1 (clumped 4

linear)
Gilles et al., 199612 46 10
Orel et al., 199722 6 3 1
Westerhof et al., 199827 4 18 1
Viehweg et al., 200026 8 12 23 5
Zuiani et al., 200230 3 9 5
Menell et al. 200331 18 1 10

Figure 9.1. A 53-year-old woman status post bilateral breast
biopsies yielding DCIS in the right breast, and DCIS with inva-
sion in the left breast. Magnetic resonance imaging performed 
for extent of disease evaluation. (A and B) MRIs of the right
breast [sagittal fat-suppressed fast spoiled gradient echo
sequence (FSPGR) T1-weighted postcontrast for this example

and all following examples] show linear ductal enhancement sep-
arate from the lumpectomy site extending over 1.9cm in the
upper inner quadrant of the right breast on two sequential slices.
Ductal carcinoma in situ was found following MRI-guided needle
localization and surgical excision.

ment was only found in 34%, while regional non/mass
enhancement was found in 3%.31

The imaging sequence employed at our institution
includes a localizing sequence followed by a sagittal 
fat-suppressed T2-weighted sequence [TR/TE 4000/85
(repetition time msec/echo time msec)]. A T1-weighted
three-dimensional fat-suppressed fast spoiled gradient
echo [17/2.4 (repletion time msec/echo time msec)]; flip
angle 35; band width, 31.25MHz) sequence is then per-

formed before and three times following a rapid bolus
injection of gadopentate dimeglumine (Magnevist®).
Generally, DCIS lesions are hypointense or isointense to
breast parenchyma on fat suppressed T2-weighted images.
Ductal carcinoma in situ lesions are not visualized, or are
hypointense, on precontrast fat-suppressed T1-weighted
images. Ductal carcinoma in situ lesions rapidly enhance
following the administration of gadopentate dimeglumine.
Assessment of DCIS lesions by visual kinetics is 
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Figure 9.2. A 47-year-old woman after stereotactic core biopsy of
the left breast calcifications yielding DCIS for extent of disease eval-
uation. Magnetic resonance imaging of the left breast demonstrates
a segmental area of irregular enhancement extending over approx-
imately 4cm in the upper inner quadrant. Mammographic needle
localization (not shown) of corresponding calcifications yielded
DCIS.

Figure 9.3. A 52-year-old woman with mammographically
evident right breast calcifications (not shown) yielding in situ 
carcinoma, ductal carcinoma, and lobular carcinoma with a tiny
focus of invasive lobular carcinoma. Magnetic resonance imaging
performed for extent of disease evaluation. (A and B) MRI of

the right breast demonstrates regional enhancement in the upper
inner quadrant extending over approximately 6cm. Magnetic res-
onance imaging guided needle localization followed by surgical
excision yielded DCIS.
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Figure 9.4. A 28-year-old woman with a palpable right breast mass
yielding invasive ductal carcinoma and DCIS following lumpectomy for
MRI for extent of disease evaluation. Magnetic resonance imaging of
the right breast demonstrates regional enhancement in the upper inner
quadrant of the breast extending toward the nipple over 2.5cm. Resid-
ual DCIS was found at mastectomy.

Figure 9.5. A 63-year-old woman with palpable right breast carcinoma
for MRI evaluation for extent of disease. Subtraction MRI of the left
breast demonstrates an 8-mm irregular heterogenously enhancing mass
(arrow) in the lower inner quadrant. Magnetic resonance imaging
guided needle localization (not shown) followed by surgical excision
yielded DCIS.
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Figure 9.6. A 61-year-old woman status post contralateral 
mastectomy with linear ductal enhancement in the right breast.
(A) Sagittal T2-weighted image of the right breast demonstrates
a mild amount of glandular tissue. (B) Sagittal T1-weighted image
before intravenous contrast administration demonstrates no
hyperintense lesions. (C) Sagittal, first postcontrast-enhanced T1-
weighted image demonstrates clumped, linear ductal enhance-
ment in the lower inner quadrant. (D and E) Sagittal second 

(D) and third (E) postcontrast-enhanced T1-weighted images
demonstrates persistent clumped linear ductal enhancement in
the lower inner quadrant with plateau kinetics. (F) Subtraction
image again demonstrates clumped linear ductal enhancement.
(G) MRI-guided needle localization was performed yielding
ductal carcinoma in situ (arrow denotes artifact from localization
wire).

performed at our institution, and plateau kinetics was
more frequently encountered than washout kinetics.31

(Figure 9.6). Zuiani and colleagues30 support these results
as all three patterns of kinetics, washout, plateau, and
steady enhancement, were demonstrated in this study.

7. Conclusion

It is evident that MRI can detect DCIS, perhaps even
better than mammography. It is also true that mam-

mography and MRI are complementary modalities with
improved detection of DCIS when both tests are per-
formed. Suspicious calcifications on mammography 
should undergo biopsy despite a negative MRI, and, con-
versely, a suspicious linear area of enhancement on MRI
should be biopsied despite a negative mammogram. The
detection of DCIS has large implications in the setting of
screening high-risk patients where detection of early 
stage breast cancer is essential. Additionally, MRI can be
helpful in the evaluation of potential multifocal or multi-
centric breast cancer in the patient with recently diagnosed
DCIS.
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Although magnetic resonance imaging (MRI) has demon-
strated variable specificity, multiple investigators have
reported sensitivity of this modality for the demonstration
of invasive breast cancer approaching 100% in several
series.1–4 The invasive cancers in these studies have pre-
dominantly been invasive ductal carcinoma. Both lesion
morphology and enhancement kinetics are useful parame-
ters in identifying malignant lesions and several series have
suggested that these parameters can individually be strong
predictors of malignancy.5,6 Liberman and coworkers6

showed that the features with highest positive predictive
value for malignancy included spiculated margin, rim
enhancement, and irregular shape for masses, and seg-
mental or clumped ductal enhancement for nonmass
lesions. Kuhl and coworkers5 concluded that a washout
(type 3) time-signal intensity curve is a strong independent
predictor of malignancy.

1. Tumor Neovascularity 
and Angiogenesis

Angiogenesis, the growth of new blood vessels, is an impor-
tant natural process occurring in the body, both in health
and in disease. In some serious diseases states, the body
loses control over angiogenesis. This occurs in some malig-
nancies in which excessive angiogenesis can develop.
Tumors cannot enlarge beyond 1 to 2mm unless they are
vascularized; beyond these dimensions, oxygen and nutri-
ents cannot diffuse from blood vessels and hypoxia induces
apoptosis by activation of p53. Neovascularization 
has a dual effect on tumor growth: Perfusion supplies
nutrients and oxygen, and newly formed endothelial cells
stimulate the growth of adjacent tumor cells by secreting
polypeptides such as insulin-like growth factors, platelet-
derived growth factor, granulocyte-macrophage colony-
stimulating factor, and interleukin-1.7 Angiogenesis is
requisite not only for continued tumor growth, but also for

metastasis. Without access to the vasculature, the tumor
cells cannot metastasize. Hence angiogenesis is a necessary
biologic correlate of malignancy.8

In dynamic contrast-enhanced MRI of the breast, tumor
angiogenesis is exploited by the use of intravenous con-
trast agents producing enhancement of cancerous lesions.9

Angiogenesis facilitates contrast enhancement in two
ways: Increased vascularity leads to an increased contrast
inflow and increased vessel permeability leads to acceler-
ated contrast extravasation at the tumor site.10–12

Chelates of gadolinium, a lanthanide with three un-
paired electrons that has a very strong magnetic field, are
the most universally used contrast agents. Chelates such as
diaminotetra-ethyl penta-acetic acid (DTPA) strongly
bind the gadolinium, which avoids toxicity while allowing
access of water molecules to the gadolinium. Gadolinium
has several effects due to its strongly paramagnetic nature.
It can produce relaxation, a change in the magnetic state
of hydrogen atoms in water molecules; as a result, the
appearance of tissues dramatically changes. High-contrast-
agent uptake in T1-weighted images produce a high signal
and cause tissues to appear bright.13

Diagnosis of breast cancer uses information evident on
contrast-enhanced images that make it possible to discern
the morphology of the enhancing lesion and the dynamic
behavior of the contrast agent within the lesion. Dynamic
information shows the rate at which tissue enhances and
the rate at which contrast agent washes out. Several factors
affect this process including perfusion, vascular perme-
ability, and the extracellular, extravascular volume. It has
been shown that the differences in dynamic MRI enhance-
ment are a direct consequence of microvascular distribu-
tion within the neoplasm, so the contrast agent provides a
means of investigating tissue vasculature.14

Morphological and enhancement patterns of areas of
suspicion should be assessed using the criteria described in
the MRI lexicon of the American College of Radiology.15

This facilitates accuracy of assessment, interpretation, and
communication of findings.
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2. Secondary Signs of Invasive 
Breast Cancer

The presence of secondary morphologic features increases
suspicion of carcinoma. These features include skin and
nipple changes and lymphadenopathy. Architectural dis-
tortion can be present, extending beyond the limits of the
malignancy.

2.1. Skin and Nipple Changes

With progressive enlargement, carcinomas can become
adherent to the deep fascia of the chest wall and so become
fixed in position. Extension to the skin or fibrosis associ-
ated with the tumor can also cause dimpling and retrac-
tion. Peau d’orange or skin thickening with an orange skin
pattern occurs secondary to a local blockage of lymphatic
drainage. This appearance of an orange peel is produced
by tethering of the skin to the breast by Cooper ligaments.
In inflammatory carcinoma, widespread lymphatic involve-
ment is due to diffuse cancer infiltration. This results in
swelling, tenderness, and erythema.

On MRI, the skin and nipple routinely enhance. Differ-
entiation of normal from abnormal patterns is facilitated
by use of the opposite breast for comparison. The detec-
tion of nipple inversion can be impossible if breast posi-
tioning does not place the nipple in profile. However,
attention should be paid to skin thickness and breast
contour to detect focal thickening and distortion. Because
the skin and nipple normally rapidly enhance, early
enhancement with malignant involvement of these struc-
tures is usually not evident.

2.2. Lymphadenopathy

Breast cancer can metastasize both via the lymphatic 
and the hematogenous routes. Lymphadenopathy can be
present at the time of initial diagnosis. The two most fre-
quent locations are the axillary and the internal mammary
lymph node chains. Other possible sites include the supra-
clavicular and cervical nodes, into the chest, and the
abdomen. The pattern of lymphatic spread varies accord-
ing to the site of the initial carcinoma in the breast,
although axillary involvement is by far the most common.

Because lymph nodes are vascular, they demonstrate a
normal pattern of early enhancement. Differentiation of
nodes in the axilla that are normal or contain metastatic
disease can be difficult. Asymmetry with the opposite site,
absence of central fat, or spiculation of contour suggest
possible malignant involvement.

2.3. Architectural Distortion

As well as infiltrating into adjacent glandular and adipose
tissue, breast cancers can incite a scirrhous reaction in sur-

rounding tissue. This results in architectural distortion that
may or may not be due to direct tumor involvement. It is
unknown whether lack of enhancement in an area of archi-
tectural distortion can reliably exclude malignancy.

On MRI the extent of enhancement of the carcinoma
may be more extensive than that appreciated on the mam-
mogram. It is reasonable to assume that peritumoral
inflammation can cause enhancement patterns to be more
extensive than true tumor involvement.

3. Types of Invasive Breast Cancer

Approximately 80% of breast cancers arise in the ducts,
with the most common histology of invasive cancer being
invasive ductal carcinoma not otherwise specified (NOS).
Specialized subtypes of invasive ductal carcinoma also
occur, including mucinous, tubular, medullary, and papil-
lary carcinomas. Tumors composed purely or predomi-
nantly of the specialized subtypes are generally better
differentiated and have a better prognosis than invasive
ductal carcinoma NOS. Less than 10% of breast cancers
arise in the lobules of the breast and are invasive lobular
carcinomas. Other unusual primary malignant lesions that
arise in the breast include lymphoid and hematopoetic
malignancies and mesenchymal stromal neoplasms, such 
as malignant phyllodes tumors and sarcomas. Metastatic
lesions can also involve the breast. Features of these
lesions and their MRI patterns are discussed below.

4. Invasive Ductal Carcinoma Not
Otherwise Specified (NOS)

Invasive ductal carcinoma NOS accounts for 65% to 80%
of breast cancers.16–18 The term ductal carcinoma is used
because these tumor cells exhibit variable degrees of his-
tologic and cytologic differentiation toward mammary
ductal epithelium.19 Invasive ductal carcinoma is a hetero-
geneous group of malignant neoplasms with different clin-
ical and biologic characteristics.18,19 Therefore, it is not
surprising that this disease has various morphologies and
enhancement patterns. Macroscopically, most tumors are
of the scirrhous type and therefore have a spiculated, irreg-
ular border. This spiculated lesion is characterized by
extensive fibrosis and consists of a central mass that radi-
ates into the surrounding breast tissue. Less frequently,
invasive ductal carcinomas are well defined with lobulated
shape and circumscribed margins.

Magnetic resonance imaging is highly sensitive in the
detection of invasive ductal carcinoma of the breast,
although the specificity is somewhat lower. Invasive ductal
carcinoma may present on MRI as irregular or spiculated
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masses with peripheral or rim enhancement (Figures 10.1
and 10.2). Less frequently, these present as smooth masses
with lobulated borders. Irregular enhancement within the
mass is frequently seen. Small sites of enhancement near a
known or suspected cancer should be viewed with caution,
and the need for their biopsy should be considered.

Although mass-like enhancement is most characteristic
of invasive ductal carcinoma, associated nonmass ductal
enhancement should be viewed with suspicion as possibly
representing in situ or additional invasive cancer. Regional
or diffuse enhancement is less common but can also be
seen in invasive ductal carcinoma.6,20 When cancers are
extensive, it can be difficult to differentiate diffuse normal
enhancement from diffuse parenchymal enhancement due
to carcinoma. Comparison with the contralateral breast
facilitates this differentiation.

In our experience at Memorial Sloan-Kettering Cancer
Center (MSKCC), carcinoma was present in 25 (25%) of
100 MRI-detected lesions, of which 13 (52%) were DCIS
and 12 (48%) were invasive carcinoma.6 Histology of inva-

sive carcinoma was invasive ductal carcinoma in nine
(including six with DCIS) and invasive lobular carcinoma
in three. Among 12 invasive cancers, 11 were masses and 1
was a nonmass area of regional enhancement. Among the
11 invasive malignant masses, margins were irregular in 5,
spiculated in 4, and smooth in 2; shape was irregular in 9
and lobular in 2; enhancement pattern was heterogeneous
in 7, homogeneous in 3, and rim in 1.6

5. Specialized Subtypes of Invasive
Ductal Carcinoma

5.1. Mucinous Carcinoma

Mucinous carcinoma is a specialized subtype of infiltrating
ductal carcinoma also known as colloid, mucous, mucoid,
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Figure 10.1. This 57-year-old woman presented with a left axil-
lary lymph node positive for mammary carcinoma. Sagittal, T1-
weighted, contrast-enhanced MRI of the left breast shows a
spiculated enhancing mass (arrow), not visible on mammography
or ultrasound. Surgery revealed invasive ductal carcinoma 
(0.8cm) and ductal carcinoma in situ, detected by MRI only.

Figure 10.2. This 45-year-old woman presented with left nipple
retraction. Mammography showed dense breasts with subtle dis-
tortion in the left 12:00 axis. No sonographic correlate was found
for the distortion. Sagittal, T1-weighted, contrast-enhanced MRI
of the left breast shows multiple rim-enhancing masses. Magnetic
resonance imaging guided needle localization yielded multifocal
infiltrating ductal carcinoma.



or gelatinous carcinoma.21 Pure mucinous carcinoma
accounts for less than 2% of all breast cancers; if one
includes tumors with focal mucinous differentiation, the
reported frequency of the tumor may be as high as 4%.21

Mucinous carcinomas are often large and circumscribed
but not encapsulated. Histologically, foci of epithelial cells
appear to be swimming in lakes of mucin and are con-
nected by bands of connective tissue. This tumor affects 
an older population and has a better prognosis than infil-
trating ductal cancers NOS, especially when smaller than
2cm.19

As this cancer is relatively rare, there are no large series
addressing its MRI pattern. Some studies have described
the MRI features, and these are of a mass lesion with no
distinct morphology that allows differentiation from NOS
invasive ductal cancers.22,23 Mucinous carcinoma may also
present as a smooth mass mimicking a benign lesion.20

5.2. Tubular Carcinoma

Tubular carcinoma, a specialized subtype of invasive ductal
carcinoma, accounts for less than 2% of all breast cancers
and for approximately 20% of cancers detected by mam-
mography.24 The median age at diagnosis for women with
tubular carcinoma is in the mid-to-late 40 s, slightly
younger than for breast cancer in general. Tubular carci-
nomas are highly differentiated infiltrating carcinomas
composed of uniform cells arranged in well-developed
tubules. They are usually small and rarely metastasize to
the axillary nodes, so they carry a good prognosis. On
mammography these usually present as small spiculated
masses. Reported cases on MRI demonstrated a spiculated
mass.22,23 These tumors cannot be distinguished from spic-
ulated infiltrating ductal carcinomas NOS based on MRI
patterns alone (Figure 10.3).

5.3. Medullary Carcinoma

Medullary carcinoma, another specialized subtype of inva-
sive ductal carcinoma, has been defined as “well circum-
scribed carcinomas composed of poorly differentiated cells
with scant stroma and prominent lymphoid infiltration.”19

In most series, medullary carcinomas account for less than
5% of malignant breast tumors, although it does account
for higher percentage of cancers in younger women:
medullary carcinoma accounted for 10% of cancers diag-
nosed in women aged 35 years or less.25 Although some
studies have reported medullary carcinoma to be more
common among black than white women, this has not been
universally confirmed.

In the early literature, medullary carcinomas were
described as large, circumscribed tumors that tended to
undergo cystic degeneration. Currently, medullary carci-

nomas are usually smaller than 3cm at diagnosis. The
smooth margin and firm consistency of medullary carcino-
mas may be similar to that of fibroadenomas, often a con-
sideration in the clinical and mammographic differential
diagnosis. This tumor often presents as a lobulated or oval
dense mass on mammography, with indistinct or circum-
scribed margins.26 Reported cases on MRI were of lobu-
lated masses with moderate enhancement.23
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Figure 10.3. This 46-year-old patient, who had prior right mas-
tectomy for breast cancer and a normal left mammogram, under-
went a high-risk screening MRI of the left breast. Sagittal,
T1-weighted, contrast-enhanced MRI of the left breast shows 
a small spiculated mass. Magnetic resonance imaging guided
needle localization yielded a small tubular carcinoma.



5.4. Papillary Carcinoma

Papillary carcinoma is a rare specialized subtype of inva-
sive ductal carcinoma in which the invasive component
forms papillary structures. Papillary carcinoma accounts
for 1% to 2% of breast cancers.27 The histologic hallmark
of all papillary tumors, benign or malignant, is the arboriza-
tion of fibrovascular stroma supporting the epithelial 
component. The cytomorphology is distinctive, with the
presence of single papillae and three-dimensional papil-
lary clusters similar to those described in papillary carci-
noma of the thyroid gland. An absent myoepithelial layer
distinguishes papillary carcinomas from benign papillary
lesions.27 If a cystic component is present, the tumor is
described as an intracystic papillary carcinoma. The intra-
cystic type can be as large and several centimeters and
remain noninvasive. Magnetic resonance imaging charac-
teristics have been described as moderately enhancing
mass with irregular borders and nonenhancing internal
septae.20

6. Invasive Lobular Carcinoma

Invasive lobular carcinoma (ILC) accounts for less than
10% of breast cancers. Patients with ILC often present
with more locally advanced disease than patients with
invasive ductal carcinoma, as ILC can be difficult to detect
on physical examination or imaging.The sensitivities in the
detection of ILC have been reported as 57% to 81% for
mammography and 68% for sonography.28–30 Mammogra-
phy may reveal a focal mass, architectural distortion,
or subtle increased density. Suspicious microcalcifica-
tions are not a common feature of ILC. Ultrasound may
show a mass in an area of palpable or mammographic
abnormality.28–30

Histologically, tumor cells infiltrate the stroma in a
single file arrangement without formation of a mass or
development of associated fibrosis.31 This leaves a consid-
erable amount of intervening stroma that makes it difficult
to detect the growth of this malignancy. Variants include a
solid pattern, alveolar pattern, and mixed solid/alveolar
pattern.19 Studies have suggested that MRI is more accu-
rate in the detection of ILC and in determining the extent
of involvement when compared with conventional
methods.32,33

On MRI, the morphologic appearance of ILC is vari-
able. A focal enhancing mass is the most common finding
and the easiest to detect32,34,35 (Figure 10.4). In the absence
of a mass with or without rim enhancement, diffuse
enhancement patterns resembling normal glandular pat-
terns may be visualized.22,35 Variability in gadolinium
uptake and morphology of ILC reflects the tumor histol-
ogy. Yeh and coworkers35 used a quantitative measure of
gadolinium uptake over time (the extraction flow product)

and concluded that some ILCs may infiltrate and grow
without significant angiogenesis and/or neovascularity.
This may be the reason why MRI has been reported to be
falsely negative on occasion when ILC is present. Because
enhancement of the tumor is variable, interpretation of
MRI should take place with the simultaneous review of all
available imaging studies.

Magnetic resonance imaging may detect additional sites
of cancer in the ipsilateral breast or contralateral breast in
women with ILC (Figure 10.5). In a study of women with
percutaneously proven cancer at MSKCC, MRI found
additional sites of cancer in the ipsilateral breast in 27%
of women; the likelihood of additional sites of cancer was
higher in women with ILC as opposed to other histologies
(55% vs. 19%, P < 0.06).36 In another study of women with
proven cancer at MSKCC, MRI found an otherwise unsus-
pected cancer in the contralateral breast in 5% of women;
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Figure 10.4. This 60-year-old patient presented with a palpable,
mammographically occult lump in the right breast that yielded
invasive lobular carcinoma at biopsy. Sagittal, T1-weighted, con-
trast-enhanced MRI of the right breast demonstrates this irreg-
ular, inhomogeneously enhancing mass, corresponding to the
biopsy-proven invasive lobular carcinoma.



the likelihood of finding an additional site of cancer was
higher in women with ILC as opposed to other histologies
(13% vs. 4%, P < 0.07).37 Women with ILC may be among
those most likely to benefit from use of MRI for assess-
ment of extent of disease.

7. Other Breast Malignancies

7.1. Lymphoma

Breast lymphoma is infrequent, accounting for approxi-
mately 0.15% of malignant breast tumors.38 Less than 0.5%
of all malignant lymphomas and approximately 2% of
extranodal lymphomas involve the breast. Patients are
usually women with a mean age of approximately 55 years.
Histologically, the tumor is almost always of non-
Hodgkin’s lymphoma (NHL) type. In breast, diffuse large
cell (histiocytic) lymphoma is the most common NHL type
according to the Working Formulation or Rappaport clas-
sifications.39 In a study from our institution,40 mammo-
graphic patterns of non-Hodgkin’s lymphoma were a
solitary uncalcified mass in 21 of 32 cases (69%), multiple
masses in 3 cases (9%), and diffuse increased opacity with
skin thickening in 3 cases (9%). Four cases had normal
findings.

The MRI appearance of breast lymphoma has been
described as ill-defined, nonspiculated, hypointense masses
in T1-weighted images, which showed rapid and strong
enhancement in dynamic sequences.41 Rim enhancement
may also be observed42 (Figure 10.6).

7.2. Phyllodes Tumors

Phyllodes tumors are structurally similar to fibroadeno-
mas, but are distinguished histologically by large leaf-like
projections of stroma with increased stromal cellularity.43,44

These tumors are initially seen as discrete, palpable masses.
The disease is a common occurrence among women
between 30 and 70 years of age, an average of 15 to 20
years older than patients with fibroadenoma.45 Phyllodes
tumors account for 2% to 3% of fibroepithelial breast 
neoplasms and less than 1% of mammary tumors.46

The gross appearance of the phyllodes tumor may vary
according to the size. Smaller tumors may resemble a
fibroadenoma with a gray-white fibrous appearance.
However, large tumors appear fleshy and resemble sarco-
mas in their gross appearance. Cystic spaces, necrosis, and
hemorrhage can be seen in large tumors.47 Approximately
25% of phyllodes tumors are malignant, with the capacity
to spread hematogenously; both benign and malignant
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Figure 10.5. A 78-year-old woman with spiculated mass right
upper outer quadrant on mammogram for which ultrasound-
guided core biopsy yielded invasive lobular carcinoma. (A) Sagit-
tal, subtraction MRI of the right breast shows an irregular,
spiculated enhancing mass in the right upper outer quadrant

(arrows) consistent with biopsy-proven invasive lobular carci-
noma. (B) Image from a more lateral plane from sagittal, sub-
traction MRI of the right breast shows additional enhancing
masses (arrows). Multicentric invasive lobular carcinoma was
found at surgery.
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Figure 10.6. A 56-year-old woman with history of lymphoma.
Mammogram (not shown) showed bilateral axillary adenopa-
thy but no suspicious findings in the breast parenchyma. (A)
Sagittal, T1-weighted, contrast-enhanced MRI of the left
breast shows markedly enlarged lymph nodes in the left axilla.
There is also focal clumped enhancement in the left upper
outer quadrant (arrow). (B) Image from a more medial plane
from sagittal, T1-weighted, contrast-enhanced MRI of the left
breast shows left axillary adenopathy and clumped enhance-
ment in the retroareolar region (arrow). (C) Image from even
more medial plane from sagittal, T1-weighted, contrast-
enhanced MRI of the left breast shows a rim enhancing mass
in the 6:00 axis (arrow). Magnetic resonance imaging guided
needle localization was performed of the three suspicious
enhancing breast lesions shown in A, B, and C. All three sites
yielded lymphoma, low-grade B cell type, involving breast
tissue.

phyllodes tumors also have the capacity to be locally
aggressive, growing to large sizes. Tumors more than 3cm
are more likely to be malignant.46

Magnetic resonance imaging has demonstrated a 
multilobulated lesion rapidly and markedly enhanced 
on dynamic studies of contrast-enhanced T1-weighted
imaging without washout. A morphology similar to
fibroadenomas with internal septations has also been
reported, as well as a more specific leafy appearance best
seen on subtraction images with enhancing solid foci
within cystic blood-filled spaces.48,49

7.3. Breast Sarcomas

Breast sarcomas are rare tumors, accounting for less than
1% of breast malignancies.50,51 Breast sarcomas are classi-
fied histologically as low-, intermediate, and high-grade
lesions.

7.3.1. Angiosarcoma

Primary angiosarcomas account for less than 0.04% of
primary tumors of the breast.52 Among the most rare and
the most lethal breast malignancies, angiosarcoma arises in
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the breast more often than in any other organ. Angiosar-
coma in the upper extremity can occur after radical mas-
tectomy or breast-conserving treatment with lymphedema
of the extremity. Angiosarcomas have also been reported
arising in mastectomy scars after chest wall irradiation.53

On MRI, angiosarcoma has been described as having low

signal intensity on T1-weighted images, and higher signal
intensity on T2-weighted images.54 However, others have
described higher signal intensity of T1-weighted images
with relatively lower intensity in the central area of the
tumor.55 These tumors are very vascular and show marked
enhancement (Figure 10.7).
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Figure 10.7. A 41-year-old woman with palpable right breast mass
identified on mammography and sonography. Surgical excision
yielded angiosarcoma with positive margins. (A) Sagittal, T1-
weighted, contrast-enhanced MRI of the right breast performed 11
days after surgery shows hematoma/seroma right upper inner quad-
rant. Focal enhancement is present at the inferior/posterior aspect
of the lumpectomy site, suspicious for residual disease. (B) MRI
from more lateral plane of the right breast obtained in the same
study shown in part A shows irregularly shaped, irregularly mar-
ginated, heterogeneously enhancing right breast mass contiguous
with the enhancement shown in part A, suspicious for residual
disease. (C) MRI from even more lateral plane of the right breast
obtained in the same study shows irregularly shaped, irregularly
marginated, heterogeneously enhancing mass in the central right
breast, suspicious for residual tumor, contiguous with the enhance-
ment shown in parts A and B. Subsequent surgery showed residual
angiosarcoma.
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7.4. Metastases to the Breast

Metastatic disease to the breast accounts for 0.5% to 6.6%
of all breast malignancies.56 Aside from metastasis arising
from the opposite breast, the most common primary tumor
sources in order of decreasing frequency are lymphoma,
melanoma, rhabdomyosarcoma, lung tumors, ovarian
tumors, renal-cell carcinoma, leukemia, thyroid and cervix
carcinomas, intestinal carcinoid, epidermoid carcinoma of
the head and neck, and leiomyosarcoma.56 Interestingly,
rhabdomyosarcoma was found to be the most frequent
origin of breast metastases in adolescent girls.56 In approx-
imately 25% of patients who have metastatic disease to the
breast, the breast lesion is the initial manifestation of a
nonmammary malignant neoplasm.57

To date only a few cases of MRI in metastases to the
breast have been reported. These were well-defined or 
lobulated lesions with early enhancement.58 Magnetic
resonance imaging may detect breast metastases in young
patients with dense breast parenchyma.59 In a case of
metastatic rhabdomyosarcoma, a pattern of early rim
enhancement raised the suspicion of malignancy in an 
otherwise innocent-appearing smooth, round mass.59 In
metastatic melanoma, high signal with T1 weighting and
low T2-weighted signal has been useful to suggest a
melanin-containing tumor,60 although other patterns may
be seen.

8. Ductal Carcinoma In Situ Versus
Invasive Carcinoma

It has been suggested that the MRI sensitivity for the
detection of ductal carcinoma in situ (DCIS) is less than
for invasive ductal cancer.61,62 There is no doubt that it can
be difficult to differentiate invasive cancers and DCIS on
MRI. Because invasive ductal carcinoma is most likely to
present as a mass lesion, whereas DCIS usually presents as
a nonmass lesion with linear/ductal enhancement, the dif-
ferentiation between these two can be suggested based 
on this difference.6,63 However, morphologic and kinetic
patterns of enhancement are variable, requiring biopsy
confirmation of findings before a definitive determination
can be made.64
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A woman’s average lifetime risk for developing breast
cancer in the United States is one in eight, but some
women are at higher risk.1 The highest risk of breast cancer
is among women with an inherited predisposition to breast
cancer due to genetic mutations of BRCA1 or BRCA2;
among these women, the cumulative lifetime risk of breast
cancer is 50 to 85%.1a Other risk factors for breast cancer
include personal or family history of breast cancer, prior
breast biopsy yielding lobular carcinoma in situ, atypia, or
radial scar, and prior chest radiation for Hodgkin’s
disease.2–8 For high-risk women, management options
include close mammographic surveillance, chemopreven-
tion, and prophylactic bilateral mastectomies.1,9

Breast magnetic resonance imaging (MRI) has high sen-
sitivity in breast cancer detection, but lower specificity. In
prior reports, the sensitivity of breast MRI has ranged from
88% to 100% with reported specificities of 37% to 97%.10,11

The low specificity is a problem, because it could lead 
to benign biopsies, which cost money, take time, cause
anxiety, and may lead to deformity.12 Some investigators
have evaluated the use of breast MRI as a screening test
in high-risk women.13–19 This chapter examines the results
of breast MRI screening in women at high risk of devel-
oping breast cancer in the literature and at Memorial
Sloan-Kettering Cancer Center (MSKCC).

1. Models for Predicting Breast 
Cancer Risk

High risk for developing breast cancer can be defined in
terms of the presence of specific risk factors or can be esti-
mated by one of four currently available models.1 The most
commonly used model, developed by Gail and cowork-
ers,20 predicts the cumulative risk of breast cancer by
decade up to age 90. Factors considered in the Gail model
include the number of first-degree relatives with breast
cancer, age at menarche, age at first live birth, and the
number of breast biopsies. The Gail model is the basis of

the internet-based tool from the National Cancer Institute
that enables calculation of a woman’s individualized esti-
mate of risk for invasive breast cancer over a 5-year period
and over a lifetime.21

Another prediction model, developed by Claus and
coworkers,22 relies more on family history. The Claus
model predicts individual estimates of breast cancer risk
according to decade from age 29 to 79, based on knowl-
edge of first- and second-degree relatives with breast
cancer and their age at diagnosis. For women with at least
one first- or second-degree relative with breast cancer (for
whom the Claus model is applicable), the risk assessments
based on the Gail and Claus model may differ.1 Two other
models are available for breast cancer risk prediction,23,24

but are infrequently used.

2. Screening Mammography:
Guidelines and Limitations

Mammography remains the standard of care for breast
cancer screening. Although most women should begin
annual screening mammography at age 40, some women
with specific risk factors may benefit from beginning
annual mammographic screening at an age younger than
40 years.2,3 An expert panel recommended that women
with mutations of BRCA1 or BRCA2 should begin annual
screening mammography between the ages of 25 and 35.4

It has been suggested that women who have had prior
breast cancer, atypia, or lobular carcinoma in situ should
begin annual screening mammography after diagnosis; that
women with a family history of premenopausal breast
cancer in a first-degree relative should begin annual
screening mammography at an age that is 10 years younger
than the relative was when she got her breast cancer, but
not before age 25; and that women who have received
mantle radiation for Hodgkin’s disease should begin
annual screening mammography 8 years after radiation is
completed.2,3
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Although screening mammography can detect breast
cancers in high-risk women, it has limitations, particularly
in dense breasts.25,26 According to Kopans,27 if 100 women
with breast cancer are screened with mammography and
physical examination, 80 of the cancers will be detected:
by mammography in 68 of 80 (85%) women and by 
physical examination in 12 of 80 (15%) women. Another
20 interval cancers (which tend to be aggressive) will
become palpable and diagnosed during the next year.
Nonmammographic screening modalities, as a supplement
to mammography, have the potential to detect at least
some of these interval cancers early, which could in theory
reduce breast cancer mortality.27 These supplemental
screening modalities also could have false-positive results,
generating benign biopsies with their attendant costs.12

The American Cancer Society Guidelines for 200328

suggest that patients be given the following information:

Women who have a higher than average risk of developing breast
cancer may benefit from starting early detection practices at a
younger age or having additional tests or more frequent exami-
nations. Factors that help determine if a woman is at high risk
include: a strong family history of breast cancer (especially if their
mother, sister, or daughter developed breast cancer at a young
age or if several close relatives have breast or ovarian cancer),
genetic tests that showed changes in the BRCA1 or BRCA2
breast cancer genes, a breast cancer treated in the past, or radia-
tion therapy in the chest area for another type of cancer. There
is not enough research yet on the value of screening women
younger than 40 with mammograms or with other tests such as
magnetic resonance imaging and ultrasound. Some doctors may
recommend these tests for women with the above risk factors. If
you think are at higher risk based on the factors above, talk to
your doctor about what is known about these tests and their
potential benefits, limitations, and harms. Then make a decision
together about the testing that is best for you.

Data regarding breast MRI screening in high-risk women
are discussed below.

3. Breast Magnetic Resonance Imaging
Screening: Published Results

3.1. Meta-analysis

Breast MRI can detect cancers that are mammographically
and clinically occult13–19 (Table 11.1). Investigators have
studied use of breast MRI to screen women at high risk,
defined by the presence of specific risk factors or by quan-
titative models.

In published series of breast MRI screening through
2003, which included 1305 women, a biopsy was recom-
mended based on MRI findings in 14% (range, 7%–18%).
Cancer was found by MRI (but not mammography) in
34% (range, 24%–89%) of women who had biopsy and in
4% (range, 2%–7%) of high-risk women who had MRI
screening. The 34% positive predictive value of biopsy
based on MRI-detected lesions in high-risk women is
within the 20% to 40% range of positive predictive values
of mammographically detected lesions in the general pop-
ulation.29 Among cancers detected by MRI screening, his-
tology was invasive in 67% (range, 43%–100%) and ductal
carcinoma in situ (DCIS) in 33% (range, 0%–57%). A
biopsy that did not yield cancer was performed in 9%
(range, 1%–15%) of women who had breast MRI screen-
ing (Table 11.1).13–19 Examples of mammographically
occult, nonpalpable cancers detected by breast MRI
screening at our institution are shown in Figures 11.1
through 11.6.

11. The High-Risk Patient and Magnetic Resonance Imaging 185

Table 11.1. High-Risk Screening with Breast MRI: Published Results

Age PPV of No. of No. of
No. of Mean Biopsy Biopsy Cancer DCIS

Investigator Women (Range) (%)a (%)b (%)c (%)

Kuhl et al.13 192 39 (18–65) 14 (7) 9/14 (64) 6/192 (3) 1/6 (17)
Tilanus-Linthorst et al.14 109 43 (20–74) 9 (8) 3/9 (33) 3/109 (3) 0/3 (0)
Lo et al.15 157 43 (26–77) 28 (18) 5/28 (18) 5/157 (3) Not stated
Warner et al.16 196 43 (26–59) 23 (12) 6/23 (26) 4/196 (2) 0/4 (0)
Stoutjesdijk et al.17d 179 Not stated 30 (17) 13/30 (43) 8/179 (4) 2/8 (25)
Podo et al.18 105 46 (25–77) 9 (9) 8/9 (89) 7/105 (7) 3/7 (43)
Morris19 367 50 (23–82) 64 (17) 14/59 (24) 14/367 (4) 8/14 (57)

Total 1305 45 (18–82) 177 (14) 58/172 (34) 47/1305 (4) 14/42 (33)

Source: Adapted from Morris EA et al.19 with permission. Abbreviations: PPV, positive predictive value of biopsy; DCIS, ductal carcinoma in situ.
a Refers to biopsies recommended for MRI-detected lesions that were or were not seen by mammography.
b Refers to MRI-detected cancers that were or were not seen by mammography.
c Refers to mammographically occult, MRI-detected cancers. Percentage refers to prevalence of mammographically occult, MRI-detected cancers in
all women who had breast MRI screening.
d In this study of 179 women, 40 had only mammography, 49 had only MRI, 15 had both mammography and MRI but in different years, and 75 had
both mammography and MRI within 4 months. Some women who had MRI on the basis of abnormal mammograms were included. Eight MRI-
detected malignant lesions include one DCIS in woman who did not have mammography and one lymphoma.
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Figure 11.1. A 42-year-old woman with family history of breast
cancer who had a prior right lumpectomy 1 year previously. Sagit-
tal, T1-weighted, fat-suppressed, contrast-enhanced, subtraction
MRI of the left breast shows irregular, indistinct 0.5-cm mass with
peripheral enhancement in 12:00 axis (arrow), not seen on mam-
mography or ultrasound. Magnetic resonance imaging guided
needle localization and surgical excision revealed invasive ductal
carcinoma, pure tubular type, measuring 0.3cm, and ductal carci-
noma in situ, with negative sentinel nodes. The patient was
treated with breast-conserving surgery.

Figure 11.2. A 69-year-old woman with family history of breast
cancer, in whom prior biopsy showed radial scar. Sagittal, T1-
weighted, fat-suppressed, contrast-enhanced MRI of the left
breast showed irregular, spiculated, heterogeneously enhancing
1.2-cm mass deep in the left lower inner quadrant (arrow), not
seen on mammography or ultrasound. Magnetic resonance
imaging guided needle localization and surgical excision showed
invasive ductal carcinoma, histologic and nuclear grade I, with
negative sentinel lymph nodes.

Figure 11.3. A 54-year-old woman with family history of breast
cancer and history of LCIS. Sagittal, T1-weighted, fat-suppressed,
contrast-enhanced MRI of the left breast shows irregularly shaped,
irregularly marginated, heterogeneously enhancing mass measuring
1.3cm in upper outer quadrant (arrow), not evident on mammogra-
phy or ultrasound. Magnetic resonance imaging guided needle local-
ization revealed invasive lobular cancer measuring 0.2cm and LCIS,
with positive sentinel nodes. The patient was treated with mastec-
tomy, which showed extensive LCIS and a microscopic (0.1cm) focus
of invasive lobular carcinoma in the lower inner quadrant.
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Figure 11.4. A 61-year-old woman with history of prior left 
mastectomy 19 months previously. Sagittal, T1-weighted, fat-
suppressed, contrast-enhanced MRI of the right breast shows
heterogeneous ductal enhancement in the right lower inner quad-
rant spanning 2.2cm (arrow), without mammographic correlate.
Magnetic resonance imaging guided needle localization yielded
DCIS, cribriform and micropapillary types with apocrine cytol-
ogy, low nuclear grade with minimal necrosis, involving complex
sclerosing adenosis. The patient had subsequent mastectomy,
which showed no residual cancer.

Figure 11.5. A 50-year-old woman with history of prior right
lumpectomy 5 years previously. Collimated sagittal, T1-weighted,
fat-suppressed, contrast-enhanced MRI of the right breast
showed heterogeneous ductal enhancement in right 6:00 axis
spanning 2.3 cm (arrows), without mammographic correlate.
Magnetic resonance imaging guided needle localization showed
DCIS, cribriform type with apocrine features, intermediate
nuclear grade. The patient had mastectomy, which showed one
residual microscopic focus of DCIS.

Figure 11.6. A 56-year-old woman who had prior left lumpectomy 9
years previously. Sagittal, T1-weighted, fat-suppressed, contrast-
enhanced MRI of the left breast shows somewhat bilobed, irregularly
shaped, irregularly marginated, heterogeneously enhancing mass left
breast 12:00 axis (arrow), without mammographic or ultrasound cor-
relate. Magnetic resonance imaging guided needle localization and
surgical excision revealed DCIS, solid type, intermediate nuclear
grade with moderate necrosis.
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3.2. Results by Kuhl and Colleagues

In 2000, Kuhl and colleagues13 from Germany published
results of a study comparing MRI with conventional mam-
mography in screening women at high risk of developing
breast cancer. This prospective trial included 192 asympto-
matic and 6 symptomatic women who were suspected or
known to carry a breast cancer susceptibility gene of the 192
asymtomatic women, 35 were proven to have mutations in
BRCA1 or BRAC2. The study protocol included physical
examination, high-frequency breast ultrasound, mammog-
raphy, and breast MRI.

Among the 192 asymptomatic women, 9 breast cancers
were found (6 in the first screening round and 3 in the
second round). The mammogram was interpreted as
normal (n = 2), benign (n = 3), or “probably benign”
(n = 1) in six of these nine cancers, including five T1 node-
negative invasive ductal cancers and one DCIS. Based on
a combination of mammography and ultrasound, four of
the nine breast cancers were detected and correctly classi-
fied; another two were well-circumscribed masses and
thought to be fibroadenomas. Seven of the nine cancers
occurred in women who had BRCA mutations. All nine
cancers were detected and correctly classified by MRI. In
105 asymptomatic women with follow-up data, the sensi-
tivities of the different imaging modalities were 33% for
mammography, 33% for ultrasound, 44% for the combi-
nation of ultrasound and mammography, and 100% for
MRI; the positive predictive values were 30% for mam-
mography, 12% for ultrasound, and 64% for MRI.13

3.3. Results by Tilanus-Linthorst 
and Colleagues

In 2000, Tilanus-Linthorst and colleagues14 from the
Netherlands published the results of first experiences in
screening women at high risk for breast cancer with MRI.
Their population included 109 women with over 25% risk
of breast cancer and more than 50% dense breast tissue
with no suspicious findings at mammography; twelve 
(11%) women were BRCA mutation carriers. Magnetic
resonance imaging detected three T1 invasive nodenega-
tive breast cancers. Magnetic resonance imaging gave false-
positive results in six women, leading to benign biopsies.
During subsequent follow up of patients with a familial 
risk in whom the first breast cancer was detected at MRI,
follow-up MRI revealed two T1 invasive node-negative
recurrent cancers in the ipsilateral breast and one T1 
invasive node-negative cancer in the contralateral breast.14

3.4. Results by Lo and Colleagues

In 2001, Lo and colleagues15 from the Hospital of the 
University of Pennsylvania presented the results of a pilot

study of breast MRI screening in a high-risk cohort. Risk
factors included personal history of breast cancer or
lobular carcinoma in situ (LCIS), family history of breast
cancer, or genetic tendency to breast cancer. During a 6-
year period, 170 patients had contrast-enhanced MRI; 13
patients were excluded due to mammographic or clinical
abnormalities prior to MRI. The remaining 157 patients
constituted the study population.

Abnormalities were found in 43 of 157 (27%) patients.
Of these 43 patients, 13 of 43 (30%) had follow-up MRI
showing resolution or stability of the MRI finding over at
least 2 years. An additional 28 of 43 (65%) patients had
interventional procedures based on MRI findings, yielding
benign results in 21, LCIS in 2, and cancer in 5. Four of the
five patients with cancer had normal mammograms; the
fifth patient had an abnormality that was difficult to see
with mammography. Two of the 43 patients with abnor-
malities did not have a follow-up study.15

3.5. Results by Warner and Colleagues

In 2001, Warner and colleagues16 from Canada published
results of a comparison of breast MRI, mammography, and
ultrasound for surveillance of women at high risk for
hereditary breast cancer. The patient population included
196 women aged 26 to 59 years with proven BRCA1 or
BRCA2 mutations or strong family histories of breast or
ovarian cancer. The protocol included mammography,
ultrasound, MRI, and clinical breast examination on a
single day. Biopsy was performed if any of the four studies
was considered suspicious.

In the 196 high-risk women in the study, 7 cancers were
detected, including 6 invasive cancers and one DCIS. Five
of the invasive cancers were in mutation carriers and the
sixth was in a woman with a personal history of breast
cancer. Among 96 mutation carriers, the prevalence of
breast cancer was 6.2%. All six invasive cancers had neg-
ative lymph nodes, measured 1cm or less, and were
detected by MRI. Of the six invasive cancers detected by
MRI, two were also detected by both mammography and
ultrasound, one by physical examination and ultrasound,
and one by physical examination. The DCIS lesion was
detected only by mammography in a woman who was
BRCA2 positive.16

3.6. Results by Stoutjesdijk and Colleagues

In 2001, Stoutjesdijk and colleagues17 from the Nether-
lands published results of a retrospective study of MRI and
mammography in women with a hereditary risk of breast
cancer. Patients included had a lifetime risk of breast
cancer greater than 15% based on family history of breast
or ovarian cancer or the presence of BRCA1 or BRCA2
mutations. Patients had no personal history of breast



cancer and had to have either biopsy or minimum of 2
years MRI follow up. Although all women received bian-
nual physical examination and annual imaging by MRI,
mammography, or both, the imaging protocol was variable:
among 179 women, 40 received only mammography, 49
had received only MRI, 75 received mammography and
MRI within a 4-month period at least once, and 15 received
mammography and MRI a year or more apart.

Thirteen malignant lesions were detected by MRI in 179
women, including 9 invasive cancers, 3 DCIS lesions, and 
1 lymphoma. Two of the 13 malignant lesions occurred in
women with BRCA1 mutations. Among the nine invasive
cancers, two were T1 node-negative cancers and seven
were T2 lesions, including four with positive nodes. Six
cancers and one lymphoma were not detected by mam-
mography, and one DCIS lesion was found in a woman
who did not undergo mammography. For the entire cohort,
the area under the curve (AUC) for mammography was
0.74 [95% confidence interval (CI), 0.68–0.79] and the
AUC for MRI was 0.99 (95% CI, 0.98–1.0). For women
who had both examinations, the AUC for mammography
was 0.70 (95% CI, 0.60–0.80) and the AUC for MRI was
0.98 (95% CI, 0.95–1.0).

3.7. Results by Sardanelli and Colleagues

In 2002, Sardanelli and colleagues18 from Italy presented
preliminary results of a prospective, nonrandomized, mul-
ticenter trial of MRI screening in women at genetic high
risk of breast cancer. The patient population included
BRCA1/2 mutation carriers or first-degree relative of
BRCA1/2 mutation carriers, including women with per-
sonal history of unilateral breast cancer. Among 105
women enrolled, 91 had the first round of screening and 
14 had first and second rounds; 40 (38%) had a previous
personal history of breast cancer.

Breast cancer was identified in 8 of 105 patients, in the
first round in 7 and in the second round in 1. Five (63%)
of these eight patients had a personal history of breast
cancer. Histologic findings in these eight cancers were
invasive in five (ductal in two, lobular in two, and mixed 
in one) and DCIS in three. Among the eight cancers,
seven were detected only by MRI; one was also detected
by mammography and ultrasound. Magnetic resonance
imaging had one false-positive case; mammography and
ultrasound had no false-positive results.18

3.8. Morris and Colleagues: Results at
Memorial Sloan-Kettering Cancer Center

3.8.1. Patient Population

In 2003, Morris and colleagues19 reported results of the first
round of breast MRI screening in women at high risk of
developing breast cancer at MSKCC. Risk factors included

personal history of breast cancer, lobular carcinoma in situ
or atypia, or family history of breast cancer. The patient
population included 367 asymptomatic high-risk women 
of median age 50 years (range, 23–82 years) with normal
mammogram results, who had their first breast MRI
screening examinations during a 2-year period. Magnetic
resonance imaging technique, interpretation, and biopsy
methods are described elsewhere.30,31

3.8.2. Biopsy Rate and Method

Biopsy was recommended for a nonpalpable, mamograph-
ically occult, MRI-detected lesion in 64 women (17% of
the 367 women who had breast MRI screening) and per-
formed in 59 women. Sonography, which was performed 
in 44 women who had subsequent biopsy, revealed sono-
graphic correlates to the MRI-detected lesions in 11
(25%).

In 59 women who had biopsy, biopsy method was MRI-
guided localization in 50 women and sonographically
guided biopsy in 9 women (core biopsy in 5, needle local-
ization in 3, and fine needle aspiration in 1). Of the five
women who did not have the recommended biopsy, two
declined biopsy, two were scheduled for MRI-guided
needle localization but the enhancing lesions were no
longer seen, and one went elsewhere for her care.

3.8.3. Biopsy Results: Patients

Biopsy showed cancer that was nonpalpable and mam-
mographically occult in 14 women, constituting 24% of
women who had biopsy and 4% of women who had breast
MRI screening (Table 11.2). Biopsy revealed high-risk
lesions in 13 women, constituting 22% of women who had
biopsy and 4% of women who had MRI screening (Table
11.2). Biopsy revealed benign results in 32 women, consti-
tuting 54% of women who had biopsy and 9% of women
who had MRI screening (Table 11.2).19

Among 14 women with cancer detected by MRI, histo-
logic findings DCIS in 8 (57%) and invasive cancer in 6
(43%). The higher prevalence of DCIS in this study as
compared with others (Table 11.1) may reflect an empha-
sis on morphology over kinetic information for interpre-
tation. The median size of invasive cancer was 0.4cm
(range, 0.1–1.2cm); two had axillary metastases. The stage
of cancer detected by breast MRI was known in 13 women,
and was stage 0 in 8 (62%), I in 3 (23%), and II in 2 (15%).
The treatment of cancer detected by MRI was known in
13 women: 7 (54%) had mastectomy and 6 (46%) had
breast conservation.

3.8.4. Biopsy Results: Magnetic Resonance 
Imaging Findings

Seventy-nine MRI-detected lesions in 64 women had
biopsy (average, 1.2 lesions per woman; range, 1–3 lesions
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per woman). The median size of MRI lesion that had
biopsy was 1.0cm (range, 0.4–5.9cm). The median MRI
lesion size was 0.9cm (range, 0.4–4.9cm) for benign lesions
and 1.3cm (range, 0.5–5.9cm) for cancers. Of these 79
lesions, 51 (65%) were masses and 38 (35%) were nonmass
lesions.

Cancer was found in 16 lesions, constituting 20% of 79
lesions that had biopsy. Among these 16 cancers, 10 (63%)
were DCIS and 6 (38%) were invasive. These 16 cancers
occurred in 14 women, including 1 with multifocal cancer
and 1 with synchronous bilateral cancers detected by MRI.
The features with highest positive predictive value were
ductal enhancement for nonmass lesions and spiculated
margins for masses. Cancer was frequent in lesions classi-
fied as highly suggestive of malignancy rather than suspi-
cious (50% vs. 18%, P = 0.09). Visually assessed kinetic
features and signal intensity on T2-weighted images were
not significant predictors of cancer.19

3.8.5. Statistics

The positive predictive value of biopsy was significantly
higher in women with rather than without a family history
of breast cancer (32% vs. 6%, P < 0.05) and in women with
rather than without both a personal and a family history
of breast cancer (50% vs. 12%, P = 0.006). The prevalence
of MRI-detected cancer was significantly higher in women

with rather than without a family history of breast cancer
(6% vs. < 1%, P = 0.02), in women who had prior breast
conservation rather than prior mastectomy (7% vs. 2%, P
< 0.05), and in women with rather than without both a per-
sonal and family history of breast cancer (8% vs. 2%, p <
0.02).19

4. Ductal Carcinoma In Situ

Among breast cancers detected at high-risk screening
breast MRI in the literature, an average of 33% (range,
0%–57%) have been DCIS (see Table 11.1). The propor-
tion of cancers that were DCIS was higher at MSKCC
(57%) as compared with other studies (0%–43%; see Table
11.1). The high proportion of DCIS encountered in our
study may reflect our high-resolution technique and
emphasis on morphology for interpretation. Some investi-
gators have suggested that detection of DCIS may in fact
be disadvantageous, leading to overtreatment of an
innocuous disease;32 however, published data refute this
contention. Long-term follow-up studies of women with
untreated DCIS show that approximately 30% of them
develop invasive cancer in the ipsilateral breast; of those,
half develop distant metastases.33–35 These follow-up
studies demonstrate the potential for DCIS to progressive
to invasive cancer with its associated morbidity and mor-
tality, and reinforce the importance of detecting and treat-
ing DCIS.

5. False-positive Results

Among high-risk women reported in studies of breast MRI
screening, a biopsy was performed that did not yield cancer
in 9% (range, 1%–15%). These biopsies are usually con-
sidered false-positive results, and a disadvantage of MRI
screening due to costs in money, time, anxiety, and scar-
ring.12 In fact, some of these biopsies result in removal of
high-risk lesions such as atypical hyperplasia, lobular car-
cinoma in situ, and radial scar. In our study of screening
breast MRI,19 high-risk lesions were identified in 22% of
women who had biopsy and in 4% of women who had
breast MRI screening (Figures 11.7 through 11.9).

Diagnosing these high-risk lesions, which have high
prevalence in women at hereditary risk for breast cancer
(particularly those over the age of 40 years),36 could be
advantageous for two reasons. First, identification of high-
risk lesions may assist in making management decisions
regarding chemoprevention or prophylactic mastectomy.
Secondly, because some of these lesions (e.g., atypical
ductal hyperplasia) may be premalignant, their removal
could lower a woman’s risk of subsequent cancer.36

It is important for the patient and referring physician 
to be aware of the 14% chance that screening breast MRI
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Table 11.2. Biopsy Histology in 367 High-Risk Women Who
Had Breast MRI Screening

Biopsied Women All Women
Histology (%) (%)

Benigna 32/59 (54) 32/367 (9)
High riskb 13/59 (22) 13/367 (4)
Malignant 14/59 (24) 14/367 (4)

DCISc 8/59 (14) 8/367 (2)
Invasived 6/59 (10) 6/367 (2)

Source: Adapted from Morris EA et al.19 with permission.Abbreviations:
DCIS, ductal carcinoma in situ.
a Dominant findings in these benign biopsies were fibrocystic change (n
= 6), fibrosis (n = 6), duct hyperplasia (n = 5), fibroadenomatoid changes
(n = 4), fibroadenoma (n = 2), benign lymph node (n = 2), benign breast
tissue (n = 2), sclerosing adenosis (n = 1), pseudoangiomatous stromal
hyperplasia (n = 1), papilloma (n = 1), chronic inflammation (n = 1), and
adenomyoepithelioma (n = 1).
b High-risk lesions included atypical ductal hyperplasia (n = 5), lobular
carcinoma in situ (n = 4), atypical lobular hyperplasia (n = 2), and radial
scar (n = 2).
c Among eight women with DCIS, nuclear grade was low in three, low to
intermediate in two, and high in three; histologic subtype was cribriform
(n = 2), cribriform and micropapillary (n = 1), cribriform and 
papillary (n = 1), cribriform and solid (n = 1), clinging (n = 1), clinging
and micropapillary (n = 1), or solid (n = 1).
d Histologic findings in six women with infiltrating carcinoma were infil-
trating ductal carcinoma (n = 4), infiltrating ductal and infiltrating lobular
carcinoma (n = 1), and infiltrating lobular carcinoma (n = 1).
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Figure 11.7. A 58-year-old woman with family history of breast
cancer. Sagittal, T1-weighted, fat-suppressed, contrast-enhanced
MRI of the left breast shows clumped enhancement in a vaguely
ductal distribution spanning 2.7cm in central breast, mid to pos-
terior third (arrows), not identified at mammography or ultra-
sound. Magnetic resonance imaging guided needle localization
for surgical excision revealed atypical ductal hyperplasia, cystic
hypersecretory type.

Figure 11.8. A 53-year-old woman with history of LCIS. Sagit-
tal, T1-weighted, fat-suppressed, contrast-enhanced image of left
breast shows irregularly marginated, lobulated, heterogeneously
enhancing mass measuring 0.8cm in retroareolar region, lower
outer quadrant (arrow), not seen at mammography or ultra-
sound. Magnetic resonance imaging guided needle localization
yielded LCIS involving sclerosing adenosis and intraductal papil-
loma, as well as a 0.8cm focus of apocrine adenosis.

Figure 11.9. A 48-year-old woman with family history of breast
cancer. Sagittal, T1-weighted, fat-suppressed, contrast-enhanced
image of left breast shows spiculated, irregularly shaped, heteroge-
neously enhancing mass measuring 0.8cm in left retroareolar region
(arrow), without mammographic or ultrasound correlate. Magnetic
resonance imaging guided needle localization for surgical excision
revealed radial scar and benign findings including duct hyperplasia,
fibrocystic change, and stromal fibrosis.
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Figure 11.10. A 39-year-old woman with family history of breast
cancer. Sagittal,T1-weighted, fat-suppressed, contrast-enhanced MRI
of the right breast shows clumped ductal enhancement spanning 0.9
cm in upper outer quadrant/retroareolar region (arrow), without
mammographic or ultrasound correlate. Magnetic resonance imaging
guided needle localization yielded fibrocystic change, stromal fibro-
sis, and apocrine cysts. Fibrocystic change is one of the most common
benign findings encountered at MRI-guided needle localization.

Figure 11.11. A 39-year-old women with family history of breast
cancer. Sagittal,T1-weighted, fat-suppressed, contrast-enhanced MRI
of the right breast shows irregularly shaped, irregularly marginated,
heterogeneously enhancing 0.7-cm mass right upper outer quadrant
(arrow), not seen on mammography. Ultrasound-guided core biopsy
yielded fibrosis. Magnetic resonance imaging guided needle localiza-
tion confirmed the diagnosis of benign breast tissue with dense
stromal fibrosis.
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will lead to a biopsy, and of the 66% chance that the biopsy
will be benign (see Table 11.1; Figures 11.10 and 11.11).
Experience and use of the breast MRI lexicon37 should
refine criteria for interpretation, decreasing the number 
of benign biopsies. Further refinement and dissemination
of technology for MRI-guided breast needle biopsy will
enable biopsies, when necessary, to be performed in a min-
imally invasive manner with lower cost, less anxiety, and
no deformity.

Attention to the timing of the breast MRI study with
respect to the menstrual cycle may reduce false-positive
interpretations. Kuhl and coworkers38 have demonstrated
a higher prevalence of contrast-enhancing lesions during
week 1 and week 4 of the menstrual cycle, with diminution
in contrast-enhancing lesions during weeks 2 and 3 (mid-
cycle). For premenopausal women, scheduling the high-
risk screening breast MRI study at midcycle (if feasible)
may decrease the likelihood of encountering enhancing
lesions that may raise concern. In addition, if an enhanc-
ing area is identified on MRI in a premenopausal woman
during week 1 or 4 of her cycle, repeating the study at mid-
cycle (a very short-interval follow up) may distinguish
benign hormonal enhancement from a lesion that warrants
biopsy.

6. False-negative Results

The high reported sensitivities of breast MRI, ranging
from 88% to 100%,10,11 are primarily derived from studies
of diagnostic MRI. Few data address the sensitivity of
breast MRI in the screening setting. Some investigators
have suggested that breast MRI may have higher sensitiv-
ity in depicting invasive cancer rather than DCIS,39 but
more recent data indicate that MRI may have higher sen-
sitivity than mammography in DCIS detection (89% vs.
30%, P < 0.001).40 It has also been suggested that MRI may
be less sensitive in depicting invasive lobular rather than
invasive ductal cancer, although MRI still provides better
assessment of extent of disease for invasive lobular carci-
noma than does mammography.41–44

In one study of breast MRI at 1.0 Tesla (T) performed
for clinical indications, MRI imaging failed to depict 41
(12%) of 354 malignant tumors, including 28 (8%) of 334
invasive cancers and 13 (65%) of 20 DCIS lesions.11 The
low sensitivity, particularly for DCIS, may reflect the low
field strength of the magnet. Reasons for failing to diag-
nose cancers in this study included diffuse growth patterns
or lesions measuring 5 mm or less (n = 33), masking of
tumor by enhancing glandular tissue (n = 3), tumor near
or beyond the boundary of the field of view (n = 3), motion
artifacts (n = 1), or inadequate contrast (n = 1).11 Other
potential reasons for failure to diagnose breast cancer at
MRI include suboptimal fat suppression, delay in acquisi-
tion of the first images after contrast injection, and inter-

pretive error. Further study in the screening setting, includ-
ing long-term follow-up of women with breast MRI studies
interpreted as normal, is necessary to determine the true
false-negative rate of screening breast MRI.

7. Probably Benign Lesions at High-risk
Screening Magnetic Resonance Imaging

Short-term follow up is widely accepted for nonpalpable
mammographic lesions that are probably benign.45–56

Short-term follow up for probably benign lesions has
several advantages over biopsy: It is not invasive, it is less
expensive, and it causes less anxiety for the patient.48 In
prior studies, nonpalpable probably benign lesions were
reported in 3% to 11% of mammograms.49–52,54–56 Subse-
quent cancer was found in 0.5% to 2% of probably benign
mammographic lesions, with most cancers identified due to
interval change at short-term follow-up mammography
when they were small and early stage, with excellent prog-
nosis.49–52,54,55 Few data address the findings and outcome 
of MRI-detected lesions interpreted as probably benign:
Even the lexicon states that regarding probably benign
lesions, “most approaches are intuitive.”37

7.1. Probably Benign Lesions at Memorial
Sloan-Kettering Cancer Center

Among first high-risk screening MRI examinations per-
formed in 367 women at our institution, 24% (89 of 367)
were interpreted as “probably benign.”57 Among these 89
MRI studies, probably benign findings were solitary in 34
(38%), multiple and unilateral in 22 (25%), and multiple
and bilateral in 33 (37%); probably benign lesion type was
nonmass in 58 (65% and mass in 31 (35%). Factors asso-
ciated with a higher likelihood of a probably benign inter-
pretation included no personal history of breast cancer
(39% vs. 21%, P < 0.001), family history of breast cancer
in a first-degree relative (31% vs. 21%, P = 0.05), pre-
menopausal status (29% vs. 20%, P = 0.07), and dense 
or heterogeneously dense mammographic parenchymal
patterns (27% vs. 16%, P = 0.08). Follow-up MRI was 
performed in 70 of 89 (79%) women in whom it was 
recommended, with median follow-up 11 months (range,
1–24 months).

Twenty women had subsequent biopsy at a median of
nine (range, 1–18) months after MRI, due to progression
on follow-up MRI in 14 and other reasons in 6. Cancer was
found in nine women, constituting 45% (9 of 20) women
who had biopsy and 10% (9 of 89) women with probably
benign lesions. In six of nine women who developed
cancer, constituting 7% (6 of 89) of women in the study,
cancer was detected by follow-up MRI in an area previ-
ously interpreted as probably benign. In three remaining



women who developed cancer, MRI showed stable find-
ings (n = 1) or was not performed prior to biopsy (n = 2).
In these nine cancers, histology was DCIS in five and inva-
sive ductal cancer in four. Median histologic size of inva-
sive cancer was 0.6cm (range, 0.2–0.9cm); two women had
sentinel lymph node micrometastases. Our data did not
enable reliable identification of a subgroup of lesions with
a less than 2% chance of being malignant.

In summary, short-term follow up was recommended on
the basis of 24% of first high-risk screening MRI exami-
nations. Subsequent cancer developed in an area interpre-
tated as probably benign in 7% to 10%; among these
cancers, over half were DCIS and half were detected by
MRI only. The frequency of follow up and the proportion
of lesions followed that proved to be cancer in this MRI
study are higher than those reported in studies of proba-
bly benign nonpalpable mammographically detected
lesions.49–52,54,55 This may reflect the difference between
MRI (which detects solid hypervascular lesions) and mam-
mography, as well as our high-risk population and learning
curve. These findings indicate the need to establish evi-
dence-based criteria for probably benign lesions at breast
MRI studies.

8. Ultrasound Versus Magnetic
Resonance Imaging for High-risk
Screening

Breast ultrasound is fast, comfortable, and readily avail-
able; it does not require the use of ionizing radiation, pro-
vides ready access for biopsy procedures, and is relatively
inexpensive. A multicenter trial to evaluate ultrasound 
for screening high-risk women with dense breasts could
provide important information.58 The rationale for this
trial is supported by promising results from investigations
performed at single institutions.59–65

In published studies of screening breast ultrasound,
which have included women at normal and high risk,
biopsy was recommended in 3% to 4% of women;
cancer was found in 9% to 18% of biopsies, or in 0.3% to
0.5% of women who had screening breast ultrasound.62–65

These results should be interpreted in the context of
screening mammography data, which show the prevalence
of cancer in the general population to be 0.5% to 0.7% on
the initial screening mammogram, decreasing to 0.2% to
0.3% in women undergoing regular mammographic
screening.58,66–68

Some studies of screening breast ultrasound specifically
reported results in the subpopulation of women at high
risk of developing breast cancer as compared with women
at normal risk. In these studies, the prevalence of cancer
detected by screening breast ultrasound was 0.5% to 1.0%
in high-risk women versus 0.2% to 0.3% in normal-risk

women.62,64,65 Furthermore, the positive predictive value of
biopsy based on a sonographically detected lesion is higher
in high-risk as compared with normal-risk women. Crystal
and colleagues65 reported that the positive predictive value
of biopsy of sonographically detected lesions was 40% in
high-risk women versus 11% in normal-risk women. In
comparing results of MRI screening to breast ultrasound
screening, it is necessary to compare the results in the rel-
evant population: women at high risk of developing breast
cancer.

Breast MRI has several advantages compared with
ultrasound for screening high-risk women. The prevalence
of cancer in high-risk women who undergo screening MRI
is 2% to 7% (see Table 11.1), higher than the 0.5% to 1.0%
prevalence of cancer in high-risk women who undergo
screening breast ultrasound.62,64,65 Among high-risk women
who had ultrasound and MRI in addition to mammogra-
phy,13,16,18 the 86% to 100% sensitivity of MRI was higher
than the 13% to 43% sensitivity of ultrasound. Magnetic
resonance imaging is more sensitive than ultrasound in
detecting DCIS:69 DCIS, which constituted one-third of
cancers detected in published studies of high-risk screen-
ing MRI, accounted for only 0% to 17% of cancers
detected at screening ultrasound.13,60–65 Breast MRI does
have some disadvantages, however: It is more expensive
and less widely available than ultrasound, and the tech-
nology for MRI-guided biopsy is not yet widely dis-
seminated. Further study of supplementing mammography
with breast MRI, ultrasound, or both for screening high-
risk women is needed.

9. Second Look Ultrasound

Whether or not breast ultrasound will be proven to be ben-
eficial as a screening test, it is useful as an adjunct to breast
MRI. Second look or directed ultrasound may identify an
ultrasound correlate for an MRI-detected lesion, even if
ultrasound examination before MRI showed no abnor-
malities. For MRI-detected lesions warranting biopsy,
identification of an ultrasound correlate enables the biopsy
to be performed under ultrasound guidance (Figure 11.12).
In prior reports, the frequency of identifying an ultrasound
correlate for MRI-detected lesions referred for biopsy has
ranged from 23% to 100%.70–72

In a study by LaTrenta and colleagues72 from our insti-
tution, an ultrasound correlate was found for 23% of MRI-
detected lesions referred for biopsy. An ultrasound
correlate was identified in 25% of masses versus 11% of
nonmass lesions (P = 0.34) and in 58% of invasive cancers
versus 29% of DCIS lesions (P = 0.35). The frequency of
cancer was higher among MRI-detected lesions with
rather than without ultrasound correlates (43% vs. 14%, P
= 0.01), but even among the lesions that lacked ultrasound
correlates, 14% were malignant. These data reinforce the
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Figure 11.12. A 47-year-old woman status post bilateral lumpec-
tomies 1 year ago. (A) Sagittal, T1-weighted, fat-suppressed, con-
trast-enhanced MRI of the right breast shows a 0.6-cm mass with
spiculated margins, irregular shape, and heterogeneous enhance-
ment in right 12:00 axis (upper arrow) and irregularly shaped,
irregularly marginated, heterogeneously enhancing 1.2-cm mass
right 6:00 axis (lower arrow). Mammogram (not shown) revealed
moderately dense breast tissue, without suspicious findings. (B)
Ultrasound of right 12:00 axis shows 0.6-cm hypoechoic mass that
is taller than wide (arrow), corresponding to the superior MRI
lesion. (C) Ultrasound of right 6:00 axis shows 0.6-cm hypoechoic

mass that is taller than wide (arrow), corresponding to the infe-
rior MRI lesion. (D) Ultrasound image obtained during ultra-
sound-guided core biopsy of the 12:00 axis mass demonstrates the
needle (lower arrows) traversing the lesion (upper arrow). Ultra-
sound-guided core biopsy was also performed of the 6:00 axis
lesion (not shown). Histologic analysis of core biopsy material
yielded invasive ductal carcinoma with tubulolobular features at
12:00 and a microscopic focus of invasive ductal carcinoma at
6:00. The patient was treated with mastectomy, which revealed
foci of residual invasive ductal carcinoma measuring 0.1–0.5 cm
and ductal carcinoma in situ.
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fact that MRI screening requires the capability to perform
biopsies for lesions detected solely by MRI.

10. Breast MRI in Women with BRCA
Mutations

Women with genetic predisposition to breast cancer due to
mutations of BRCA1 or BRCA2 account for approxi-
mately 5–10% of women with breast cancer.1a Among
women with BRCA1 mutations, the cumulative risk of
breast cancer is 3% by age 30, 19% by age 40, 51% by age
50, 54% by age 60, and 85% by age 70.Women with BRCA
mutations, whose cumulative lifetime risk of breast cancer
is 50–85%, are also at risk for ovarian cancer. Annual
mammograms detect less than half of the breast cancers in
BRCA mutation carriers, perhaps due to dense breast
tissue in young women, pathologic features of the tumors
(including rapid growth rate) and sometimes benign mam-
mographic features.13 Half of the breast cancers in muta-
tion carriers appear in the interval between mammograms;
among these interval cancers, the median size is 1.7cm and
half have axillary metastases. Previous management strate-
gies for these women have included prophylactic bilateral
mastectomy and/or oophorectomy, chemoprevention, and
close surveillance.1a Recent studies have addressed the use
of breast MRI in addition to mammography to screen
mutation carriers.

Kriege et al.75 reported a prospective, nonrandomized
study of clinical breast exam (CBE), mammography, and
MRI in 1,909 women who had a genetic or familial pre-
disposition to breast cancer (lifetime risk, ≥15%) in the
Netherlands; among these women, 358 (19%) had BRCA
mutations. Kriege et al.75 found that the breast cancer
detection rate was 9.5 per 1,000 women-years of follow-up
overall: 7.8 per 1,000 for women whose lifetime risk was
15–29%, 5.4 per 1,000 for women whose lifetime risk was
30–49%, and 26.5 per 1,000 for BRCA1 or BRCA2 muta-
tion carriers. Method of identification of 45 cancers was
MRI but not mammography in 22 (49%), MRI and mam-
mography in 10 (22%), and mammography but not MRI
in 8 (18%); four were interval cancers and one was
detected only by physical examination. Only 17% of
cancers in mutation carriers were interval cancers. MRI
had higher sensitivity (particularly for invasive breast
cancer) but lower specificity than mammography. Using
BI-RADS Category 3 or higher as the cut-off for an abnor-
mal test, MRI had 71.1% sensitivity and 89.8% specificity;
mammography had 40.0% sensitivity and 95.0% speci-
ficity. Using BI-RADS Category 4 or higher as the cut-off
for an abnormal test, MRI had sensitivity of 46.6% and
specificity of 98.9%; mammography had a sensitivity of
24.4% and specificity of 99.7%. Limitations of the study
include primary analysis based on using BI-RADS Cate-

gory 3 as the cut-off for an abnormal result, and relatively
low sensitivity of both mammography and MRI.

Warner et al.76 reported a prospective, nonrandomized
study of 236 women age 25 to 65 with BRCA1 or BRCA2
mutations in Canada. These women had one to three
annual screening examinations that included MRI, mam-
mography, and ultrasound on the same day. Of the 236
women, all completed at least one round of screening, 136
had at least two rounds, and 85 had all three rounds. Clin-
ical breast examination (CBE) was performed on the day
of imaging and at six-month intervals. Each radiologist
reported the level of suspicion as per the BI-RADS scale,
where lesions interpreted as 4 (suspicious) or 5 (highly sug-
gestive of malignancy) had biopsy.37 An abnormal test was
defined as one for which a biopsy was suggested (ie BI-
RADS 4 or 5). Twenty-two cancers were identified in 21
women; histologies of these 22 cancers were invasive in 16
(73%) and DCIS in six (27%). Among these 22 cancers, 17
(77%) were identified by MRI, eight (36%) were identi-
fied by mammography, seven (33%) were identified by
ultrasound, and two (9%) were identified by CBE. Only
two (9%) cancers had axillary nodal metastases; there was
one interval cancer. MRI was significantly more sensitive
than either mammography (p = 0.014) or ultrasound (p =
0.006). The sensitivities were 45% for mammography and
CBE, 64% for mammography, CBE, and ultrasound, 86%
for mammography, CBE, and MRI, and 95% for mam-
mography, CBE, and MRI combined with ultrasound.

Warner et al.76 calculated that for mammography, the
sensitivities in the first, second, and third screening rounds
were 38%, 43%, and 0%, with specificities of 99.6%, 100%,
and 100%, respectively. For ultrasound, the sensitivities in
the first, second, and third screening rounds were 25%,
57%, and 0%, with specificities of 95%, 96%, and 98%,
respectiviely. For MRI, the sensitivities for the first, second,
and third screening rounds were 85%, 71%, and 50%, with
specificities 93%, 97%, and 99%. Positive predictive values
ranged from 85–100% for mammography, 0–44% for ultra-
sound, and 42–56% for MRI. Negative predictive values
ranged from 97–98% for mammography, 96–98% for ultra-
sound, and 98–99% for MRI. In an accompanying editor-
ial, Robson and Offit77 suggested that an optimal screening
strategy in mutation carriers may include alternating mam-
mography and MRI (with or without ultrasound) at 6
month intervals, to enable detection of rapidly growing
cancers (“kinetic failures of detection”) that would 
otherwise develop in the interval between screening 
examinations.

Published data support the utility of supplementing
mammography with breast MRI to screen BRCA mutation
carriers. Kopans27 has suggested that only a randomized
controlled trial with death as the endpoint can provide
definitive proof of benefit of breast cancer screening. Such
data do not exist for breast MRI. In the absence of a ran-
domized controlled trial, management recommendations



may be appropriately based on other information, such as
data extrapolation, observational studies, and expert
opinion.1a In women with an extremely high likelihood of
developing breast cancer, the benefit of high sensitivity 
of breast MRI screening may outweigh the disadvantage
of suboptimal specificity. In a 2003 report, the Blue Cross
Blue Shield Association’s Technology Evaluation Center78

concluded that breast MRI to screen women at high
genetic risk improved the net health outcome. The 2004
studies of Kriege et al.75 and Warner et al.76 provide further
evidence of benefit in women with inherited BRCA
mutations.

11. Caveats

Although breast MRI screening can detect early breast
cancers in high-risk women, it is important to remember
several caveats. Magnetic resonance imaging is an expen-
sive test that has a high likelihood of leading to other tests:
in our experience, 41% of women were referred either for
biopsy (17%) or short-term follow up (24%) on the basis
of their first MRI screening examinations. Although a
lexicon has been created to standardize reporting,37 there
is variability in technique and interpretation.73 Some
women (e.g., those with pacemakers, aneurysm clips, or
claustrophobia) are not candidates for MRI.74 Breast MRI
screening requires the capability to perform biopsy of
lesions detected only by MRI; biopsy systems are com-
mercially available but not in widespread use.30 False-
positive results can occur with breast MRI, with their 
associated costs.12 The results reported in this chapter refer
to women at high risk; MRI screening in women at lower
risk would have more false-positive results and detect
fewer cancers. Finally, no studies have evaluated the impact
of breast MRI screening on survival.

12. Conclusion

High-risk screening breast MRI is of most benefit to
women at the highest risk. Increasing data support sup-
plementing mammography with MRI to screen women
with BRCA mutations. MRI may be useful as a supplement
to mammography in screening women at high risk due to
other factors such as previous breast cancer, but more
study is needed. The optimal timing of MRI with respect
to mammography and the potential role of adding ultra-
sound in addition to MRI to the screening regimen are
issues that require further investigation. A randomized
controlled trial of breast MRI in women at high risk for
breast cancer could provide mortality data but accrual to
such a study may be difficult. Institutions that perform
breast MRI as a high-risk screening examination should
have the capability to perform biopsy of lesions detected

only by MRI. No data support the use of breast MRI to
screen women at normal risk of developing breast cancer.

Women at high risk for breast cancer should discuss the
use of breast MRI as a supplement to mammography with
their doctors, and institutions that perform breast MRI
should track their results. At our center, for example, the
first high-risk screening breast MRI examination led to a
biopsy recommendation in 17%; cancer was found in 24%
of women who had biopsy and in 4% of women who had
breast MRI screening. Among the cancers found, more
than half were DCIS.19 Awareness of MRI outcomes
should help patients and referring clinicians make an
informed decision about supplementing mammography
with breast MRI for high-risk screening. Additional study
is needed to develop evidence-based recommendations for
screening that are suitable for women with specific risk
factors and quantified levels of breast cancer risk.
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Accurate assessment of extent of disease is essential for
planning appropriate treatment for women with breast
cancer. The presence of cancer in more than one quadrant
(multicentric disease) usually indicates the need for mas-
tectomy rather than breast conservation. The presence of
multiple sites of cancer in one quadrant (multifocal
disease) indicates the need for wider excision and may pre-
clude breast conservation. Involvement of the pectoral
muscle, chest wall, and/or skin may indicate the need for
surgical excision to include the involved areas. Finally,
identification of cancer in the contralateral breast indicates
the need for contralateral surgery. This chapter discusses
the use of magnetic resonance imaging (MRI) in women
with breast cancer to determine tumor size; detect addi-
tional sites of disease in the ipsilateral breast; assess for
involvement of the pectoral muscle, chest wall, and skin;
and evaluate the contralateral breast.

1. Ipsilateral Breast

1.1. Tumor Size

Breast MRI may provide more accurate assessment of
tumor size than mammography or sonography. Gribbestad
and colleagues1 found excellent correlation between MRI
measurement and size determined at histology for 29
patients with known breast tumors. Boetes and coworkers2

correlated mammography, ultrasound, and MRI in 61
breast cancers. The index cancer was identified by ultra-
sound in 85%, by mammography in 90%, and by MRI in
98% of women. On mammogram and ultrasound images,
tumor size was underestimated significantly (P < 0.005) by
14% and 18%, respectively, while MRI showed no signifi-
cant difference in size compared with pathologic exami-
nation. In another study correlating MRI, ultrasound, and
mammographic measurements with histologic measure-
ments in 14 breast cancers, Davis and colleagues3 found
that MRI measurements had the highest correlation coef-

ficient (r = 0.98), compared with lower correlation coeffi-
cients for ultrasound (r = 0.45) and mammography (r =
0.46). Magnetic resonance imaging measurements also had
the smallest standard error (0.34), compared with higher
standard errors for ultrasound (0.78) and mammography
(1.04).

Although in many cases the size assessment by MRI is
more accurate than that of other imaging modalities, MRI
size does not always correlate with histologic size of the
cancer. Merchant and colleagues4 performed preoperative
MRI in 40 patients, including 32 with malignant tumors.
Magnetic resonance imaging estimated the tumor size to
be larger than mammography in 71% of cases and larger
than histologic measurement in 84%. Magnetic resonance
imaging would have upstaged 22% of evaluated cases from
T1 to T2 and 10% of cases from T2 to T3. In spite of the
high accuracy of MRI in assessing tumor size, it is impor-
tant to remember that not all enhancement in the region
of the tumor represents malignancy; enhancement could
represent fibrosis, atypia, or other benign findings.

1.2. Additional Sites of Cancer:
Pathologic Considerations

Women with one area of proven breast cancer may harbor
additional sites of cancer in the ipsilateral breast.5 Patho-
logic analyses of mastectomy specimens have shown sites
of cancer other than the index lesion in 20% to 63%6–13

(Table 12.1). Of these additional sites of cancer, 19% to
67% were invasive. In 20% to 47% of mastectomy speci-
mens, additional sites of cancer were present in quadrants
other than that of the index tumor. Among women who
had mastectomy for ductal carcinoma in situ (DCIS), a
multifocal distribution with gaps larger than 1 cm was
present in 8%14 and DCIS involved more than one quad-
rant in 23% to 47%14,15; the likelihood of cancer outside
the index quadrant was higher in women with DCIS mea-
suring 2.5cm or larger.8
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1.3. Local Recurrences

In previous studies of women with invasive breast cancer
who had breast conservation, local recurrence rates at 15-
year follow up were 36% for women who did not receive
radiation and 12% for women who received radiation.16 In
previous studies of women with DCIS who had breast con-
servation, local recurrence rates at 8-year follow up were
31% for women who did not receive radiation and 13%
for women who received radiation.17 The greater than 30%
local recurrence rates in women who did not receive radi-
ation are within the 20% to 63% range expected on the
basis of the frequency of cancer at additional sites in the
breast in the pathology studies.5 That the local recurrence
rates are lower in women who receive radiation therapy
indicates that radiation destroys or retards growth of some
of these sites of disease.

One could hypothesize that preoperative identification
of additional sites of cancer may allow their removal and
could lower the frequency of local recurrence. It is also
possible that MRI-guided resection of these additional
sites could reduce the need for postoperative radia-
tion therapy. Further work is needed to validate these
hypotheses.

1.4. Additional Sites of Cancer at Magnetic
Resonance Imaging

In published studies, MRI identified additional sites of ipsi-
lateral cancer that were not identified on mammography
or physical examination in 6% to 34% of women with
breast cancer5,18–25 (Table 12.2). Additional sites of cancer
in the same quadrant as the index cancer were found in
1% to 20% of women, and additional sites of cancer in dif-
ferent quadrants from the index cancer were found in 2%
to 24% of women5,18–25 (Table 12.2).

1.5. Magnetic Resonance Imaging of the
Ipsilateral Breast at Memorial Sloan-Kettering
Cancer Center

In a study of 70 women with percutaneously diagnosed
breast cancer who were considering breast conservation at
our hospital, MRI identified additional sites of cancer in
the ipsilateral breast in 19 (27%)5 (Figures 12.1 and 12.2).
Additional sites of cancer in 19 women were infiltrating in
11 (16%) and ductal carcinoma in situ in 8 (11%) women.
These additional sites of cancer were in the same quadrant
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Table 12.1. Pathologic Analysis of the Ipsilateral Breast in Mastectomy Studies

No. with Additional
No. of Mastectomy Sites of Ipsilateral No. Same No. Different

Investigator Specimens Cancer (%)a Quadrant (%)b Quadrant (%)b

Qualheim6c 157 85 (54) 27 (17) 58 (37)
Rosen7d 203 65 (32) NA 65 (32)
Lagios8e 84 17 (20) NA 17 (20)
Schwartz9f 43 16 (37) NA 16 (37)
Egan10g 116 71 (61) NS NS
Holland11h 282 177 (63) 56 (20) 121 (43)
Anastassiades12i 365 169 (46) NA 169 (46)
Vaidya13j 30 19 (63) 5 (17) 14 (47)

Source: Adapted from Liberman et al.5 with permission.
Abbreviations: NA, not applicable: study focused on quadrants other than index cancer; NS, not stated.
Note: Many of these pathology studies included cases of lobular carcinoma in situ (LCIS) among index lesions, additional sites of cancer, or both.
Currently, LCIS is not considered cancer, but rather a risk factor for subsequent development of cancer. Therefore, in calculating proportion of mas-
tectomies in which additional sites of cancer were found for this table, an attempt was made to remove cases in which index cancer was LCIS from
denominator and cases in which additional sites were LCIS from numerator.
a Number of mastectomies in which cancer was found in areas other than index cancer, expressed as percent of all mastectomies.
b Number of mastectomies with additional sites of cancer in quadrant indicated, expressed as percent of all mastectomies.
c Number of cases of LCIS not stated but authors state that “The few examples of lobular carcinoma in situ appearing in this series were 
obviously manifestations of independency of origin.”
d All index cancers were invasive. Number of additional sites that were LCIS was not stated. Additional sites of cancer were found in 26% (26 of
100) mastectomies with index cancers <2cm and in 38% (39/103) mastectomies with index cancers �2cm.
e Excludes one case in which index cancer was LCIS and one case in which additional site was LCIS.
f Excludes one case in which index cancer was LCIS and three cases in which additional sites were LCIS.
g Excludes one case in which index cancer was unicentric LCIS and one case in which index lesion and additional sites were LCIS.
h All index cancers were invasive. Number of additional sites that were LCIS was not stated. Analysis was with respect to distance from index cancer
rather than quadrant: of 177 additional sites of cancer, distance from index cancer was �2cm in 56 and >2cm in 121.
i Excludes one case in which index cancer and additional sites were LCIS and 17 cases in which additional sites were LCIS.
j All index cancers were invasive. Includes one case in which index cancer was infiltrating lobular and additional site was LCIS.
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Table 12.2. MRI of the Ipsilateral Breast in Women with Breast Cancer

No. of Women
with Additional No. of

No. of Ipsilateral MRI- No. of Same Different
Investigator Women Detected Cancer (%)a Quadrant (%)b Quadrant (%)b

Harms18 29c 10 (34) 3 (10) 7 (24)
Orel19 64 13 (20) NSd NSd

Boetes20 61c 9 (15) 8 (13) 1 (2)
Mumtaz21 92c 10 (11) 1 (1) 9 (10)
Fischer22 336 54 (16) 30 (9) 24 (7)
Drew23 178 41 (23) 15 (8) 26 (15)
Esserman24 58c 6 (10) NS NS
Bedrosian25 231 14 (6) 6 (3) 8 (3)
Liberman5 70 19 (27) 14 (20) 5 (7)e

Source: Adapted from Liberman et al.5 with permission. Abbreviation: NS, not stated.
a Number of women with MRI-detected sites of cancer other than index lesion, as percent of all women in study.
b Number of women with MRI-detected sites of cancer in quadrant indicated, as percentage of all women in study.
c Expressed as number of breasts rather than number of women.
d Quadrant of additional sites of MRI-detected cancer, given for 11 of 13 women, was same as index cancer in 7 and different in 4. Among 13 women
with additional sites of cancer detected at MRI, 9 were considered to have multifocal disease (defined in study as distinct at gross examination or
demonstrating separate, dispersed, microscopic foci) and 4 were considered to have diffuse disease (defined in study as several lesions that were ill-
defined at gross examination with large areas of dispersed intraductal and infiltrating carcinoma).
e Includes two women with additional MRI-detected sites of cancer in both same quadrant and different quadrant.

Figure 12.1. A 39-year-old woman 1 month status post excision
of a palpable, uncalcified, spiculated mass in the right breast
retroareolar region, lower inner quadrant. Surgical pathology
yielded invasive ductal carcinoma, measuring 0.1–0.4cm, and
DCIS, with positive margins. (A) Sagittal, T1-weighted, contrast-
enhanced MRI of right breast shows 3-cm seroma right lower
inner quadrant with extensive surrounding clumped enhance-
ment, suspicious for residual disease. (B) Sagittal, T1-weighted,
contrast-enhanced MRI of right breast shows separate spicu-

lated, heterogeneously enhancing, 1.8-cm mass right lower outer
quadrant, not seen on mammography or ultrasound. Magnetic
resonance imaging guided needle localization of this mass yielded
invasive ductal carcinoma, 1.7cm, and DCIS (i.e., multicentric
disease). Mastectomy, performed during the same procedure,
revealed residual invasive ductal carcinoma and DCIS at and
extending away from the lumpectomy site. Sentinel nodes were
free of tumor.
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Figure 12.2. A 47-year-old woman who had stereotactic biopsy
of a subcentimeter cluster of calcifications in the left breast 1
month previously, yielding DCIS. (A) Sagittal, contrast-enhanced,
T1-weighted MRI of left breast shows stereotactic clip in the left
lower inner quadrant evident as 3mm focus of low signal inten-
sity (arrow), with subtle surrounding clumped enhancement. (B)
Sagittal, contrast-enhanced, T1-weighted MRI of left breast
shows additional irregular, heterogeneously enhancing mass left
breast 6:00 axis (arrow). (C) Sagittal, contrast-enhanced, T1-
weighted MRI of left breast shows ductal, heterogeneous

enhancement left lower outer quadrant (arrow).All three of these
areas underwent MRI-guided needle localization, yielding DCIS.
(D) Sagittal, contrast-enhanced, T1-weighted MRI of right (con-
tralateral) breast shows irregularly shaped, irregularly mar-
ginated, heterogeneously enhancing mass posteriorly (straight
arrow) and clumped enhancement anteriorly (curved arrow).
Magnetic resonance imaging guided needle localization with
bracketing wires yielded ductal carcinoma in situ, with a small
focus of microinvasion at the site of the posterior lesion. The
patient had bilateral mastectomies. Sentinel nodes were negative.
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as the index cancer in 14 (20%) women, in a different
quadrant in 3 (4%) women, and in the same and different
quadrants in 2 (3%) women. In 17 (24%) women, MRI
detected ipsilateral lesions that were benign. Changes
caused by prior percutaneous biopsy were infrequent on
MRI examination and included a clip in 12 (17%) women
and small hematoma in two (3%) women. No skin thick-
ening or skin enhancement were observed, and no needle
tract could be identified. Postbiopsy change did not inter-
fere with MRI interpretation.

The 27% frequency of finding additional sites of cancer
by MRI is within the 20% to 63% range of frequencies of
additional sites of cancer reported in previous pathologic
analyses of mastectomy specimens (Table 12.1), as well as
within the 6% to 34% range of ipsilateral MRI-detected
cancers in previously published literature5 (Table 12.2).
The proportion of women in whom MRI depicted addi-
tional sites of ipsilateral cancer was higher in women with
a family history of breast cancer than in women without
this history (14/33 = 42% vs. 5/37 = 14%, P < 0.02), and in
women in whom the index tumor was infiltrating lobular
carcinoma rather than other histologies (6/11 = 55% vs.
13/70 = 19%, P < 0.06).

Among women with additional ipsilateral sites of cancer
detected by MRI in the study from our hospital, approxi-
mately three fourths (74%) had additional sites only in the
quadrant of the index cancer and one fourth (26%) had
additional sites of cancer in other quadrants.5 This distrib-
ution mirrors the distribution of local recurrences at 15-
year follow up of women with invasive breast cancer who
had breast conservation, in which 75% were found within
the same quadrant as the index lesion and 25% in differ-
ent quadrants.16 In other studies of MRI, the distribution
of MRI-detected additional sites of cancer has been vari-
able, with 10% to 89% in the same quadrant as the index
tumor.5

In our study of women with percutaneously proven
cancer, biopsy was recommended for MRI-detected ipsi-
lateral lesions in 51% of women; the positive predictive
value of biopsy for these lesions was high (52%).5 This 52%
positive predictive value is within the 18% to 88% range
of positive predictive values for biopsy based on MRI find-
ings in high-risk women26–32 and higher than the 20% to
40% range of PPVs for mammographically guided needle
localization and surgical excision in the general popula-
tion.33 The positive predictive value was higher in lesions
in the same quadrant as the index cancer as compared with
lesions in different quadrants (18/28 = 64% vs. 5/16 = 31%,
P = 0.07.)

1.6. Detection of Ductal Carcinoma In Situ in
the Ipsilateral Breast

In published studies, the sensitivity of MRI in DCIS detec-
tion has ranged from 40% to 100%.34 Recent data,

however, suggest that MRI may be more sensitive than
mammography in detection of DCIS. In a retrospective
study of 37 breasts in 35 women with pure DCIS who had
preoperative breast MRI, Menell and colleagues35 found
that the sensitivity for DCIS detection was higher for MRI
than for mammography (89% vs. 30%, P < 0.001). Mag-
netic resonance imaging was the only study to find DCIS
in 24 (65%) breasts; in 2 (5%) breasts, DCIS was found
only with mammography. Magnetic resonance imaging
detection of additional sites of DCIS, if confirmed by
biopsy, may assist in treatment planning (Figure 12.2).

1.7. Ultrasound Versus Magnetic Resonance
Imaging to Detect Additional Disease in the
Ipsilateral Breast

Breast ultrasound can detect additional ipsilateral disease
in women with breast cancer,2,36–39 but breast MRI may be
more sensitive in this regard. Boetes and colleagues2 com-
pared accuracy of MRI, mammography, and ultrasound in
61 cancers in 60 women undergoing mastectomy for
cancer. They found that mammography depicted 31% of
additional invasive cancers, while ultrasound showed
showed 38% and MRI showed 100%.

Berg and colleagues38 compared mammography, ultra-
sound, and MRI in 77 women with recently diagnosed
breast cancer. Pathologic examination yielded 110 foci of
cancer, of which 89 were invasive and 21 were DCIS. Of
89 foci of invasive cancer, mammography depicted 56
(63%), ultrasound 85 (96%), and MRI 84 (94%). Of 21 foci
of DCIS, mammography depicted 14 (67%), ultrasound 13
(62%), and MRI 15 (71%). Either MRI or ultrasound
depicted additional mammographically occult malignant
foci in approximately one third of women with breast
cancer. Size and extent of tumor was more accurately
depicted with MRI than ultrasound, with 12% of patients
undergoing more extensive surgery on the basis of MRI
even after combined ultrasound, mammography, and clin-
ical breast examination.

Hlawatsch and colleagues39 compared whole breast
ultrasound and MRI as adjuncts to mammography in 101
women with breast cancer. Twenty-seven tumors showed
multifocal or multicentric invasive cancer at pathology. Of
these 27, 48% were correctly diagnosed by mammography
alone, 63% by a combination of mammography and ultra-
sound, and 81% by MRI. Nine of the index cancers were
not seen at mammography but were visible at ultrasound.
Use of ultrasound benefited 13 women and yielded false-
positive studies in 2. Use of MRI benefited seven women
and produced false-positive studies in eight.

Data regarding extent of disease assessment in the ipsi-
lateral breast should be interpreted in conjunction with
other published data comparing breast ultrasound and
MRI. Studies of high-risk women who were screened with
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mammography, ultrasound, and MRI reported sensitivities
of 86% to 100% for MRI versus 33% to 43% for ultra-
sound.26,29 Magnetic resonance imaging is more sensitive
than ultrasound in the detection of DCIS.36 The 18% to
88% positive predictive value (PPV) of biopsy in studies
of MRI screening26–32 is significantly higher than the 7% 
to 14% PPV of biopsy in studies of screening breast 
ultrasound.26,40–42

Both ultrasound and MRI may detect additional sites of
ipsilateral cancer, potentially impacting on treatment.
Magnetic resonance imaging has the advantage of higher
sensitivity, particularly for detecting DCIS. Breast ultra-
sound has the advantages of speed, lower cost, wider avail-
ability, and ready access for biopsy procedures. Both
examinations have the disadvantage of false-positive
results, with the proportion of false-positives depending on
operator experience and technique. Further study com-
paring MRI and ultrasound in assessment of extent of
disease would be helpful. At our institution if the decision
is made to supplement mammography with another
imaging test to assess extent of disease, we generally start
with MRI; if suspicious lesions are identified on MRI, we
often perform directed ultrasound examination to deter-
mine if there is an ultrasound correlate that would be
amenable to ultrasound-guided biopsy.

1.8. Involvement of Pectoral Muscle, Chest
Wall, and Skin

Masses that are posterior in location can be difficult to
evaluate with mammograms and physical examination.43

Involvement of the pectoral muscle may require specific
surgical treatment, such as excision of a portion of the
muscle if the tumor superficially invades it, radical mas-
tectomy if the tumor involves the full thickness of the
muscle, or chest wall resection for a tumor that extends to
involve chest wall (ribs, intercostal muscles, serratus ante-
rior muscle).44 Preoperative knowledge of involvement of
pectoral muscle and/or chest wall therefore impacts on
treatment planning.

Breast MRI may be useful in assessing involvement of
the pectoral muscle and chest wall. Morris and colleagues43

reported 19 patients with posterior breast masses who had
preoperative breast MRI. Enhancing masses were identi-
fied at breast MRI in all 19 patients. Five (26%) had masses
that abutted the muscles, with obliteration of the fat plane
and muscle enhancement. All five had muscle involvement
at surgery. In the remaining 14 (74%) patients, no enhance-
ment of muscle was seen; none of these had invasion of the
muscle at surgery. The authors concluded that extension of
tumor into underlying muscle or chest wall was indicated
by abnormal enhancement within these deep structures
(Figure 12.3); violation of the fat plane without other find-
ings did not indicate muscle or chest wall involvement.43

Skin involvement can also be assessed with breast MRI
(Figure 12.4). The identification of skin enhancement may
help to identify a site for biopsy, may guide the surgeon
toward excision to include the suspect area, and may serve
as a baseline for follow up after treatment for locally
advanced breast cancer.44 Inflammatory carcinoma is char-
acterized by tumor involvement of the dermal lymphatics
and produces skin induration. In inflammatory carcinoma,
MRI may show focal or diffuse enhancement of the thick-
ened skin, a pattern similar to that of mastitis44 (Figure
12.5). Rieber and colleagues45 reported skin thickening
that was bright on T2-weighted images and medium inten-
sity on T1-weighted images in 90% of patients with inflam-
matory carcinoma versus 55% of patients with mastitis.
Further study is needed to define the sensitivity and 
specificity of breast MRI in the assessment of skin 
involvement.
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Figure 12.3. A 39-year-old woman with palpable, mammo-
graphically evident mass left lower inner quadrant, for which core
biopsy yielded invasive ductal carcinoma and ductal carcinoma
in situ. Sagittal, contrast-enhanced, T1-weighted MRI of the 
left breast shows an irregularly shaped, irregularly marginated,
heterogeneously enhancing mass in the left lower inner quad-
rant corresponding to the palpable cancer. Enhancement extends
into the chest wall, consistent with chest wall invasion.
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Figure 12.4. A 65-year-old woman with palpable lump breast mass
lower inner quadrant, for which core biopsy yielded invasive ductal
carcinoma. Sagittal, contrast-enhanced, T1-weighted MRI of the left
breast shows minimally spiculated, irregular, heterogeneously enhanc-
ing mass left lower inner quadrant, corresponding to biopsy proven
cancer. Contiguous with the lesion is thickening and irregular, het-
erogeneous, mass enhancement involving the overlying skin.The mass
abuts the pectoral muscle, but there is no enhancement in the muscle;
therefore, no evidence of pectoral invasion. Mastectomy, performed
after chemotherapy, revealed invasive ductal carcinoma and DCIS.
Invasive cancer involved the skin dermis by direct extension. No pec-
toral muscle involvement was found at surgery.

Figure 12.5. A 59-year-old woman who presented with inflam-
matory right breast cancer. (A) Sagittal, post-contrast, T1-
weighted MRI of the medial right breast shows multiple
conglomerate heterogeneously enhancing masses, as well as
nodular enhancement in the skin. (B) Sagittal, post-contrast, T1-
weighted MRI of the right breast at the plane of the nipple shows

extensive heterogeneous mass enhancement within the breast,
with heterogeneous nodular enhancement involving the nipple.
Mastectomy, performed after chemotherapy, yielded invasive
ductal carcinoma, histologic and nuclear grade III, measuring 0.1
to 3.5cm, and DCIS. Skin and dermal lymphatics were involved
with invasive cancer. No tumor was found in the axillary nodes.
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2. Contralateral Breast

2.1. Synchronous Bilateral Breast Cancer

For women with breast cancer, the contralateral breast is
at high risk. A synchronous contralateral cancer, variably
defined as occurring within 3 months, 6 months, or 1 year
after diagnosis of the index cancer, is found by mammo-
graphy, physical examination, or both in approximately 2%
of women with breast cancer. Women with synchronous
bilateral breast cancer are more likely to have a genetic
predisposition to breast cancer, multicentric disease in the
index cancer, and a trend toward decreased local control
and overall survival.46

2.2. Metachronous Contralateral Cancer

For women with unilateral breast cancer, a subsequent
(metachronous) contralateral cancer develops in 0.5% to
1.0% per year, with a cumulative risk of 15%. Sixteen
percent of metachronous contralateral cancers metastasize
and 7% are fatal. Management options for the asympto-
matic contralateral breast have included close observation,
blind contralateral biopsy, chemoprevention, and prophy-
lactic mastectomy.46

2.3. Magnetic Resonance Imaging Detection of
Contralateral Cancer

In published reports of women with breast cancer, MRI
detected an otherwise occult cancer in the contralateral
breast in 3% to 24%22,46–50 (Table 12.3; Figures 12.6 and
12.7). These results should be interpreted in the context of
high-risk screening MRI investigations, in which MRI
identified a cancer occult to mammography and physical
examination in 2% to 7%.26–32

2.4. Magnetic Resonance Imaging of 
the Contralateral Breast at Memorial 
Sloan-Kettering Cancer Center

Among 223 women with breast cancer who had contralat-
eral breast MRI at our institution, contralateral breast
biopsy was recommended in 72 (32%) women and per-
formed in 61 women.46 Cancer occult to mammography
and physical examination was detected by MRI in 12
women, constituting 20% (12 of 61) women who had con-
tralateral biopsy and 5% (12 of 223) women who had con-
tralateral breast MRI. Among these 12 cancers, 6 (50%)
were DCIS and 6 (50%) were invasive cancer (median size,
0.5cm; range, 0.1–1.0cm). Contralateral biopsy revealed
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Table 12.3. MRI of the Contralateral Breast in Women with
Breast Cancer

No. of PPV of No. MRI-
No. of Biopsies Biopsy only Cancer

Investigator Women (%)a (%)b (%)c

Rieber47 34 NS NS 3/34 (9)
Fischer22 336 NS NS 15/363 (4)
Kuhl48 710d 91 (13) 45/91 (49) 45/710 (6)
Slanetz49 17 5 (29)e 4/5 (80)e 4/17 (24)
Liberman46 223 72 (32) 12/61 (20) 12/223 (5)
Lee50 182 15 (8) 7/15 (47) 6/182 (3)f

Source: Adapted from Liberman et al.46 with permission. Abbreviations:
PPV, positive predictive value; NS, not stated.
a Refers to number of women in whom contralateral biopsy was 
recommended.
b Refers to number of women in whom contralateral biopsy showed
cancer divided by number of women who had contralateral biopsy.
c Refers to number of women with mammographically occult, nonpalpa-
ble cancers detected by MRI divided by number of women in study.
d Includes women with synchronous and prior cancer in contralateral
breast.
e Ten contralateral lesions were identified in five women; nine lesions in
four women were malignant.
f One additional cancer (invasive ductal carcinoma and DCIS) was iden-
tified on mammography performed after MRI.

benign (n = 31) or high-risk (n = 18) lesions in 49 women,
constituting 80% (49 of 61) women who had contralateral
biopsy and in 22% (49 of 223) women who had contralat-
eral MRI.

Magnetic resonance imaging depicted an otherwise
unsuspected contralateral cancer in 5% of women with
breast cancer in our study.A contralateral cancer was more
often found in women with rather than without a family
history of breast cancer in a first-degree relative (13% vs.
3%, P = 0.02) and in women whose index tumor was inva-
sive lobular cancer rather than other histologies (13% vs.
4%, P < 0.07). The frequency of identifying a contralateral
cancer was higher in postmenopausal as compared with
premenopausal women, but this difference did not achieve
statistical significance (9% vs. 3%, P = 0.13). No significant
difference was observed in the frequency of finding 
contralateral cancer as a function of mammographic
parenchymal density, but most (87%) women had either
heterogeneously dense or dense breasts.

The 5% frequency of detecting contralateral breast
cancer by MRI in our study does not differ significantly 
(P = 0.12) from the 3% (26 of 871) prevalence of cancer at
blind contralateral upper outer quadrant surgical biopsy
reported by Cody.51 However, all of the patients in Cody’s
study had contralateral breast biopsy51; in our study, MRI
enabled diagnosis of these contralateral cancers while only
requiring biopsy in one third (32%) of women.
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Figure 12.6. A 74-year-old woman with mammographic and
sonographically evident right breast mass, for which ultrasound-
guided core biopsy yielded invasive lobular carcinoma. (A) 
Sagittal, T1-weighted, contrast-enhanced MRI of the right 
breast shows irregular, spiculated, heterogeneously enhancing 
1-cm mass in the right lower outer quadrant, corresponding to 

the biopsy-proven cancer. (B) Sagittal, T1-weighted, contrast-
enhanced MRI of the left breast shows lobulated, minimally
irregular, mildly heterogeneously enhancing mass left upper
outer quadrant, without mammographic or sonographic corre-
late. Magnetic resonance imaging guided needle localization
yielded invasive ductal carcinoma, 0.6cm.

Figure 12.7. A 61-year-old woman 5 years status post excision
of DCIS from the right breast, with abnormal right mammogram
showing dilated duct. Ultrasound-guided core biopsy yielded
invasive ductal carcinoma and DCIS. (A) Collimated photograph
of sagittal, contrast-enhanced, T1-weighted MRI of the right
breast shows heterogeneous ductal enhancement spanning 4.6cm

in right upper outer quadrant (arrows), corresponding to biopsy-
proven cancer. (B) Collimated photograph of sagittal, contrast-
enhanced, T1-weighted MRI of the left (contralateral) breast
shows clumped ductal enhancement spanning 2.8cm (arrows).
Magnetic resonance imaging guided needle localization yielded
invasive ductal carcinoma measuring 0.3cm and DCIS.

In our study, cancer was found in 20% of women who
had contralateral breast biopsy based on MRI findings.46

This positive predictive value is lower than the 47% to
80% range of positive predictive values previously
reported for biopsy based on MRI findings in the con-

tralateral breast in women with known breast cancer48–50

and on the low end of the 18% to 64% range of positive
predictive values reported for biopsy based on MRI find-
ings in women at high risk for developing breast cancer.26–30

The 20% positive predictive value is also at the low end of
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the 20% to 40% range of positive predictive values for
mammographically guided needle localization and surgical
excision in the general population.33

Our data suggest a potentially disturbing consequence
of MRI of the contralateral breast. Prophylactic contralat-
eral mastectomy was performed in 5% of our women. The
frequency of prophylactic mastectomy was higher in
women in whom a biopsy was recommended based on
MRI findings than among women who were not referred
for biopsy, although this difference did not achieve statis-
tical significance (9% vs. 3%, P = 0.11). Identification of an
abnormality on MRI may have contributed to the decision
to perform prophylactic contralateral mastectomy. Pro-
phylactic mastectomy can be a rational choice, but women
and their physicians should be aware of the limited speci-
ficity of MRI to make an informed decision52: In our prac-
tice, 80% of breast biopsies for MRI-detected contralateral
lesions were benign.

3. Invasive Lobular Cancer

Invasive lobular cancer accounts for approximately 10%
to 14% of invasive breast carcinomas.53 The mammogram
is more often falsely negative in invasive lobular than in
invasive ductal cancer, due to the tendency of the cells to
grow in a single file arrangement, usually without calcifi-
cation.54 Invasive lobular cancer also may have a higher
frequency of multicentricity and bilaterality than invasive
ductal cancer.53 Breast MRI may be particularly helpful in
assessing extent of disease in women with invasive lobular
cancer (Figure 12.8).

Rodenko and colleagues55 correlated MRI and mam-
mography with pathology in the ipsilateral breast in 20
women with invasive lobular cancer. Correlation between
imaging and pathologic extent of disease was 85% for
breast MRI versus 32% for mammography (P < 0.0001).
Interobserver agreement regarding lesion morphology and
extent of disease was higher for MRI (91% and 100%,
respectively) than for mammography (64% and 91%,
respectively). Magnetic resonance imaging correctly clas-
sified all nine pathologically confirmed multicentric cases
(100%) and overestimated 2 of 11 unicentric cases (18%).
In comparison, mammography incorrectly classified all
seven pathologically confirmed multicentric cases as 
unicentric disease; one woman classified as having multi-
centric disease by mammography had unicentric disease 
at pathology.55

Weinstein and colleagues56 reviewed MRI and pathol-
ogy findings in the ipsilateral breast in 32 women with inva-
sive lobular cancer. Overall, MRI showed more extensive
tumor than conventional imaging and impacted on clinical
management in half (16 of 32) of the women. Among 18
women who did not have excisional biopsy before MRI,
MRI was equal to mammography and sonography in pre-

dicting extent of disease in 10 (56%) and superior to mam-
mography and sonography in 8 (44%). Patterns of invasive
lobular cancer on MRI in these 18 women were spiculated
or irregular mass (n = 10), regional or multifocal contrast
enhancement (n = 7), or regional enhancement and archi-
tectural distortion (n = 1).

Qayyum and colleagues57 reviewed MRI findings in 13
women with invasive lobular cancer. They reported three
patterns: a solitary mass with irregular margins (n = 4), cor-
relating with the same pattern at pathologic analysis; mul-
tiple lesions, either connected by enhancing strands (n = 6)
or separated by nonenhancing intervening tissue (n = 2),
that correlated with the pathologic appearance of non-
contiguous tumor foci, with malignant cells in single-file
arrangement; and enhancing septa (n = 1), correlated at
pathology with tumor cells streaming in breast stroma.
Comparison of MRI findings with mammography and
sonography was not provided in this study.

Yeh and colleagues58 reviewed the preoperative MRI
findings of 19 women with invasive lobular cancer and
found focal heterogeneously enhancing mass in 8 (42%)
cases, regional enhancement in 5 (26%), and other patterns
in 6 (32%), including segmental enhancement (n = 1), seg-
mental enhancement with multiple small nodules (n = 1),
a mixture of focal mass and regional enhancement (n = 1),
diffuse enhancement (n = 1), multiple small nodules (n =
1), and bilateral disease (n = 1). Among eight focal masses,
shape was irregular in seven and round in one; margins
were ill-defined in six and spiculated in two.The extraction
flow (EF) product, a quantitative measure of gadolinium
uptake over time, was assessed in 15 cases. In these 15 inva-
sive lobular cancers, peak EFs ranged from 25 to 120 (with
normal tissue threshold EF level 25 or less); most tumors
had EFs in the 30s. Four cases had multifocal disease and
one had unsuspected contralateral disease detected by
MRI.

Quan and colleagues59 evaluated the impact of breast
MRI on surgical management in 62 women with invasive
lobular carcinoma at our institution. Among 51 women
who had ipsilateral breast MRI, biopsy was recommended
in 19 (37%) and yielded a cancer separate from the index
lesion in 11 women, constituting 58% (11 of 19) women
who had ipsilateral biopsy and 22% (11 of 51) women who
had ipsilateral breast MRI. Histology of these 11 ipsilat-
eral cancers was invasive lobular in 10 and DCIS in 1.
Among 53 women who had contralateral breast MRI,
biopsy was recommended in 20 (38%) and led to detection
of cancer in 5 women, constituting 25% (5 of 20) women
who had contralateral biopsy and 9% (5 of 53) women who
had contralateral breast MRI. Of the five contralateral
cancers, three were invasive (ductal in two and lobular in
one) and two were DCIS.

These studies show the variable MRI patterns of inva-
sive lobular cancer and indicate that breast MRI has a high
likelihood of detecting more than one site of cancer in
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Figure 12.8. A 60-year-old woman with palpable right breast
mass, for which core biopsy yielded invasive lobular carcinoma.
(A) Sagittal, contrast-enhanced,T1-weighted MRI of right breast
shows irregular, spiculated, heterogeneously enhancing 2.4-cm
mass in the 12:00 axis corresponding to biopsy-proven invasive
lobular cancer. (B) Sagittal, contrast-enhanced,T1-weighted MRI
of the right (ipsilateral) breast more laterally shows lobulated,
minimally irregular, heterogeneously enhancing 0.8-cm mass
right breast upper outer quadrant, just anterior to a vessel. Mag-
netic resonance imaging guided needle localization of this mass

showed infiltrating lobular carcinoma, metastatic to an intra-
mammary lymph node. (C) Sagittal, contrast-enhanced, T1-
weighted MRI of the left (contralateral) breast shows irregularly
shaped, irregularly marginated, heterogeneously enhancing mass
in the 12:00 axis abutting the pectoral muscle, not seen on mam-
mography or ultrasound. Magnetic resonance imaging guided
needle localization yielded multifocal invasive mammary carci-
noma with mixed ductal and lobular features, 1.0cm at maximal
diameter, and lobular carcinoma in situ.
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women with invasive lobular cancer. The frequency of rec-
ommending biopsy and the likelihood of detecting cancer
are higher in the ipsilateral breast than in the contralateral
breast. Even in women with invasive lobular cancer, a sub-
stantial proportion of biopsies based on MRI findings
prove to be benign. Therefore, we do not recommend mas-
tectomy based on MRI findings; if a woman with cancer
desires breast conservation, and MRI depicts additional
suspicious areas, biopsy is necessary.

4. Conclusion

Accurate assessment of extent of disease is necessary to
plan optimal surgical treatment for women with breast
cancer. Magnetic resonance imaging can detect breast
cancer that is not palpable and not evident at mammogra-
phy or ultrasound and may provide more accurate assess-
ment of tumor size than these other modalities. In studies
of women with breast cancer who had breast MRI for
assessment of extent of disease, MRI detected an other-
wise unsuspected cancer in the ipsilateral breast in 6% to
34% of women and in the contralateral breast in 3% to
24%. Magnetic resonance imaging can also assess for
involvement of the pectoral muscle, chest wall, and skin,
information that affects surgical planning. The American
College of Radiology states that indications for breast
MRI include (but are not limited to) assessment for extent
of disease in women with infiltrating cancer, evaluation of
the contralateral breast in women with breast cancer, and
defining the relationship of a breast cancer to the pectoral
muscle or chest wall.60 Magnetic resonance imaging for
extent of disease assessment may be most valuable for
women with a strong family history of breast cancer and
invasive lobular histology in the index cancer.

Although MRI can detect additional sites of cancer in
women with proven breast cancer, a few caveats should be
remembered. No data address the impact of MRI detec-
tion of additional sites of breast cancer on survival. Fur-
thermore, the benefit of detecting these additional sites of
cancer must be weighed against the added time, expense,
and consequences of MRI and downstream examinations.
Breast MRI may benefit from new sequences that allow
rapid, high-resolution, simultaneous imaging of both
breasts. Further work, including refinement of criteria and
methods for performing of biopsy for MRI-detected
lesions, analysis of cost effectiveness, and long-term follow
up, is necessary to optimize the use of MRI for assessment
of extent of disease in women with breast cancer.
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Breast-conserving therapy followed by radiation therapy
and chemotherapy is the treatment of choice for early
stage breast carcinoma. Negative margin status has
become a prerequisite for breast conservation therapy, rec-
ognizing that positive margins impact negatively on local
recurrence rates. Residual disease following initial attempt
at breast conservation is estimated to be between up to
70%.1 Even with accurate preoperative needle localiza-
tion, the negative margin rate is high because there is often
incomplete knowledge of the true extent of the tumor
before the operation, despite our best attempts with phys-
ical examination, magnification mammography, and ultra-
sound. Gwin and colleagues2 demonstrated that 45% of
women undergoing re-excision had residual tumor and
that the majority (62%) had residual invasive carcinoma.
This is the basis for re-excision in the patient with ques-
tionable or inadequate margin status.

Re-excision or mastectomy is performed when initial
margins of resection are positive or close for tumor. The
extent of margin positivity correlates with risk of residual
tumor and recurrent disease. Schnitt and colleagues3 noted
the relationship between microscopic margins of resection
and the risk of local recurrence in patients with breast
cancer treated with breast-conserving surgery and radia-
tion therapy. No recurrences were found at a minimum of
5-year follow up in patients with negative margins, 4%
recurrence rate with close margins (<1mm), 6% recur-
rence with focally positive margins (�3 high power fields),
and 21% with more than focally positive margins. Addi-
tional factors such as young patient age and extensive
intraductal component (EIC) have been associated with a
higher risk of recurrence.4 Further, when initial margins
are positive, younger women have been shown in one
series to be more likely to have residual tumor at re-
excision despite radiation therapy.5,6

It is known in the pathology literature that unifocal car-
cinoma diagnosed on mammography and clinical exami-
nation can have residual disease following surgery not only
at the lumpectomy site but also in a separate quadrant.

Holland and colleagues7 have examined mastectomy spec-
imens for clinically and mammographically suspected uni-
focal disease and found that 37% of women have no
additional disease, 20% have disease within 2cm of the
lumpectomy site, 43% had disease greater than 2cm away
from the lumpectomy site, and 7% had disease greater
than 4cm away from the lumpectomy site. Difficult 
histologies, such as invasive lobular carcinoma and EIC
tumors, are notoriously difficult to predict tumor extent
and are more likely to have associated positive margins
(Figure 13.1). But unsuspected residual disease can occur
with all breast cancer histologies (Figure 13.2).

1. The Preoperative Work-Up

The traditional work-up of suspect lesions involves mam-
mography and ultrasound, even though there is compelling
data in some specific cases that MRI may add significant
information (Figure 13.3). The preoperative extent of
disease is better assessed with magnetic resonance imaging
(MRI) than with conventional imaging such as mammog-
raphy and ultrasound in multiple studies.8 This is particu-
larly true with specific tumor histology of invasive lobular
carcinoma9 but also applies to invasive ductal carcinoma,
which is much more prevalent. In addition to invasive car-
cinomas, there is emerging data that MRI may also better
stage patients who are diagnosed preoperatively with pre-
invasive ductal carcinoma in situ (DCIS)10 (Figure 13.4).

2. Relationship Between Residual and
Recurrent Disease

Residual disease following lumpectomy is not the same 
as recurrence. However, there is a distinct relationship
between these two entities. Residual carcinoma is sus-
pected when the initial attempt at surgical resection is
incomplete (Figure 13.5). Pathologic analysis of the
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Figure 13.1. Residual invasive lobular carcinoma (thin arrow)
posterior to the lumpectomy site (thick arrow). This and all fol-
lowing examinations are performed several weeks following initial
lumpectomy. Images are performed on a 1.5 Tesla (T) system using
a fat-suppressed three-dimensional (3D) fast spoiled gradient 
echo (FSPGR) sequence in the sagittal plane unless otherwise
indicated.

Figure 13.2. Two patients with positive margins. (A) Residual invasive ductal carcinoma posterior to the seroma cavity. (B) 
Residual DCIS anterior to the seroma cavity.
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Figure 13.3. (A) Biopsy proven invasive ductal carcinoma (arrow) was identified on mammography but is much larger on MRI
(arrow). (B) What was not appreciated on mammography was the extensive intraductal component (EIC) seen on this image.

Figure 13.4. (A) Magnification mammography demonstrates a small 4-mm cluster of calcifications that were biopsied yielding DCIS.
(B) Preoperative staging MRI demonstrates more extensive DCIS involving an entire segment.
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lumpectomy specimen and the inked surgical margins may
indicate that the carcinoma is at or close to the margins of
resection. Specimen radiography is useful to determine
lesion retrieval.11 If the initial carcinoma contained calcifi-
cation, then magnification mammography can be per-
formed to assess whether residual suspicious calcifications
are remaining.12 If present, these can be localized under
mammographic guidance, which, it is to be hoped, can
direct the surgeon to area of residual disease. Problems
arise if the original tumor did not contain calcifications.
Radiographically, the ability to detect residual masses at
the lumpectomy site is limited as postoperative distortion
obscures evaluation for residual masses.13 (Figure 13.6).
Additionally, if the in situ component is not associated with
calcifications, then assessment of residual disease is very
limited (Figure 13.7). In these cases the surgeon usually
returns to the operating room and blindly excises the edge
of the lumpectomy cavity.

There is strong emerging evidence that breast MRI can
offer important information regarding the presence of
residual carcinoma14 (Figure 13.8), particularly in difficult
histologies such as invasive lobular carcinoma and carci-
nomas associated with an extensive intraductal component
(Figure 13.9). Additionally, in patients with difficult-
to-evaluate dense breasts there may be a role for MRI 
following resection with positive or close margins (Figure
13.10). Carcinomas without associated calcifications may
also benefit from the use of MRI if margins are close or
positive (Figure 13.11).
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Figure 13.6. (A) Postoperative mammogram limited due to
breast density and distortion; no suspicious findings are identi-
fied. (B) MRI demonstrated seroma cavity (thin arrow) and large

Figure 13.5. Residual invasive lobular carcinoma adjacent to
seroma cavity (not shown).

residual mass posterior to the seroma cavity (thick arrow) that
represented residual invasive ductal carcinoma.
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Figure 13.7. (A) Postoperative mammography performed for
positive margins in a patient with invasive ductal carcinoma and
associated DCIS. The original tumor had no associated calcifica-

tions. Posterior biopsy cavity identified associated with clips. (B)
Postoperative MRI demonstrated residual foci of uncalcified
DCIS surrounding the biopsy cavity.

Figure 13.8. (A) Residual invasive ductal carcinoma (thin
arrow) in same quadrant as lumpectomy site (thick arrow).
Patient was treated with needle localization and re-excision with

ultimately negative margins. (B) Residual DCIS in multiple
quadrants from the lumpectomy site (not shown) necessitating
mastectomy.
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Figure 13.8. (Continued) (C) Invasive lobular carcinoma with
positive margins. Nodular enhancement along the anterior
seroma cavity represented residual invasive disease. Contrast this
to thin enhancement along the posterior cavity where no resid-
ual disease found at surgery. Note that MRI cannot diagnose
residual microscopic disease as the granulation tissue at the

margin will enhance. (D) Residual invasive ductal carcinoma
(arrow) in the same quadrant (multifocal) as the initial lumpec-
tomy. Although the patient had positive margins, no residual
disease was found at the lumpectomy site (seen with thin rim
enhancement). Patient received breast conservation.

Figure 13.9. (A) Residual invasive lobular carcinoma (arrows) posterior to seroma cavity. (B) Residual DCIS in a patient with EIC
(lumpectomy site not imaged on this section).
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Figure 13.10. (A) Clumped enhancement anterior to the
lumpectomy site in the upper outer quadrant in a patient with
extremely dense breasts represents residual DCIS. (B) Post-

operative seroma (arrow) in a heterogeneously dense breast does
not disclose any suspicious abnormalities. At re-excision no 
residual disease was found.

Figure 13.11. (A) Residual mass in same quadrant as lumpec-
tomy (arrow) performed for DCIS with positive margins.
Directed ultrasound demonstrated a hypoechoic mass that was
biopsied percutaneously yielding invasive ductal carcinoma. The
patient elected to undergo mastectomy. (B) Residual linear

clumped enhancement represented residual DCIS anterior to the
lumpectomy site (arrow). No calcifications were noted on post-
operative magnification mammography. Note enhancing scar
extending from skin to site of surgery.
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The role of MRI in the case of close or positive margins
is to evaluate for the presence of bulky residual disease
(Figure 13.12). Residual microscopic disease at the surgi-
cal margin will not be well evaluated with MRI; however,
this is likely not the role of MRI in the immediate post-
operative patient (Figure 13.13). Uniformly, if the patient
has close or positive margins the surgeon will re-excise the
seroma cavity margin. Microscopic residual disease will
usually be successfully excised with the re-excision, regard-
less of the imaging results. The role of MRI, therefore, is
in the assessment of bulky residual disease at the margin
of resection that can direct the surgeon to a particular
margin and the assessment of residual disease distant from
the lumpectomy site that would indicate the patient be best
served by mastectomy (Figure 13.14).

Recurrence occurs in a treated breast following lumpec-
tomy (with negative margins) and usually chemotherapy
and radiation therapy (Figure 13.15). It occurs after treat-
ment has been initiated or terminated and is thought to be
either due to undetected tumor that was not adequately
treated at the time of detection of the index tumor or due
to de novo development of cancer. Recurrence may
develop despite the presence of negative margins at the
time of surgery and despite the administration of whole

breast radiation. The undetected carcinoma that causes
recurrence likely is residual multifocal or multicentric
tumor that is not detected by means of conventional
imaging at the time of diagnosis. Rates of recurrence vary
and are increased in patients with positive margins, in
young patients, and in tumors with an extensive intraduc-
tal component.

The clinical experience with recurrence occurred in the
days before the use of breast MRI for preoperative staging.
There is some hope that by using preoperative breast MRI
the incidence of recurrence can be decreased. Breast MRI
has been shown to detect 13% to 33% more disease pre-
operatively than mammography.15–17 Therefore, it would be
assumed that breast MRI in the preoperative setting is
detecting some of the undetected yet present tumor at the
time of surgery that is unsuspected by the treating physi-
cians. However, a discrepancy arises, as the recurrence rate
(1%–2% per year) is not identical to the undetected
disease rate shown with MRI (13%–33%). This is likely
due to the fact that the chemotherapy and/or radiation
therapy directed to the breast are extremely efficacious
and that some, if not the majority, of this residual disease
is successfully treated. At this writing, disease that is 
susceptible to treatment by additional therapy such as
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Figure 13.12. (A) Bulky residual disease anterior to the lumpec-
tomy site. (B) Postoperative seroma without evidence of bulky
disease. Margins enhance irregularly though uniformly. On the

basis of the MRI findings, small microscopic disease cannot be
excluded.
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Figure 13.13. (A) Postoperative seroma demonstrates clip arti-
fact and thin enhancement around the cavity due to granulation
tissue. No nodules or masses or asymmetric areas of enhance-
ment are identified to suggest residual disease. Pathologically, no

residual was found on re-excision. (B) False-negative MRI. Post-
operative seroma with tiny focus (2mm) of DCIS at re-excision.
Small foci of residual disease may not be seen with MRI. A neg-
ative MRI does not preclude re-excision.

Figure 13.14. (A) Additional clumped enhancement represent-
ing DCIS in a separate quadrant from the lumpectomy site
(arrow). Patient received mastectomy. (B) Several months fol-
lowing lumpectomy patient presents for radiation. Surgery per-
formed for mammographic calcifications elsewhere yielded DCIS
with close margins. Magnetic resonance imaging performed to

evaluate adequate excision. Lumpectomy site is demonstrated by
clips (arrow). Note the postoperative seroma has resolved. An
irregular heterogeneously enhancing mass is seen posteriorly in
the breast and was biopsied yielding invasive ductal carcinoma.
The patient subsequently received mastectomy.
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Figure 13.15. One year following breast-conserving therapy for
invasive ductal carcinoma followed by chemotherapy and radia-
tion, a patient presents with fullness at her lumpectomy site.
Mammography was unrevealing and on ultrasound there was a
suggestion of a mass. Magnetic resonance imaging performed to
evaluate for possible recurrence. (A) On MRI the lumpectomy
site is marked by clips causing artifact (arrow). In the breast there
are two irregular heterogeneously enhancing masses that repre-

sent recurrence. (B) MRI perfomed in a patient as a baseline 
following treatment with chemotherapy and radiation therapy.
Margins were negative. Lumpectomy site demonstrates clip arti-
fact (arrow) and associated clumped enhancement as well as 
(C) additional small masses in a separate quadrant, all of which
represented DCIS with invasion. The patient underwent 
mastectomy.
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chemotherapy and radiation therapy is unable to be dif-
ferentiated from disease that is resistant to treatment. It
may be useful in the future to use MRI to identify those
patients in whom adjuvant radiation may not be helpful as
the course of radiation is not without associated morbid-
ity, not to mention cost and time savings.

3. Pathology Issues

Breast cancer growth is not always predictable and not
always in the same pattern. Certain histologies have classic
growth patterns, but in general all breast histologies can
demonstrate overlapping appearances, particularly on
MRI. Similarly, overlapping kinetic parameters are also
seen. However, preoperative MRI may give an indication
whether the tumor is truly unifocal, multifocal, or multi-
centric. In general, invasive ductal carcinomas generally
present as a mass and can be entirely removed at surgery.
However, if the tumor is associated with satellite lesions
representing multifocal disease or if it is associated with an
extensive intraductal component, then the likelihood of
positive margins increases significantly. Invasive lobular
carcinomas are notoriously difficult to detect and have a
specific characteristic growth pattern of single file growth,
allowing the tumor to attain a large overall size without
amassing great cellular density so that even large tumors
in fatty or mildly dense breasts are difficult to perceive.
Ductal carcinoma in situ is perhaps the easier of all to
detect because it can manifest as calcifications and can be
detected on mammography.The problem arises that not all
DCIS is calcified and even significant grades of DCIS may
not produce necrosis and, therefore, calcifications may be
absent and the tumor may evade detection on the mam-
mogram. Use of preoperative MRI in these patients may
also significantly impact the presence of residual DCIS.

When localizing nonpalpable lesions for surgical
removal, it is known that despite efforts to bracket lesions
and add additional wires under mammographic or ultra-
sound guidance, the chance for complete surgical removal
is not altered and the chance of obtaining negative margins
is not increased.18 Therefore, despite our best attempts at
defining tumor extent with conventional imaging, we are
not always successful. It remains to be seen whether local-
ization under MRI can achieve an improved negative
margin rate.

4. Postoperative Work–Up

Mammographic assessment is currently the gold standard
for preoperative assessment of disease extent and for the
postoperative assessment of residual disease and has been
discussed previously. Coned magnification views are
helpful in detecting additional suspicious calcifications

before surgery to plan for adequate excision and are useful
for detecting residual calcifications after surgery. The pres-
ence of residual calcifications regardless of morphology is
highly predictive of residual disease.12 Residual masses,
suspicious for residual invasive carcinoma, however, are
much less well assessed on mammography, as there has
been a surgical procedure in the area with a postoperative
hematoma/seroma that can easily obscure a residual mass.

Ultrasound assessment after surgery is not helpful for
calcifications and therefore residual DCIS is not reliably
detected. However, assessment by ultrasound may be valu-
able if there is a high suspicion for a residual mass and may
be a follow-up test if the mammogram result is negative.
Additionally, there is some evidence that postoperative
ultrasound may be extremely helpful in assessing residual
masses away from the lumpectomy site.19

Out of the modalities discussed so far, MRI has the clear
advantage in the detection of residual disease following
initial attempt at lumpectomy when close or positive
margins are found. By virtue of the fact that MRI uses
intravenous contrast and assesses areas of vascularity, sig-
nificant residual disease can be reliably assessed.

One of the areas where MRI is not particularly helpful
is directly at the margin of resection where there is normal
granulation tissue that enhances due to the increased
angiogenesis. Therefore, the strength of MRI is not at the
margin of lumpectomy site for small microscopic disease.
Magnetic resonance imaging is good at suggesting asym-
metric residual bulky disease directly at the lumpectomy
site. Magnetic resonance imaging is best used in the detec-
tion of residual disease at a distance from the lumpectomy
site that was not suspected preoperatively.

5. Magnetic Resonance 
Imaging Experience

Orel and colleagues20 evaluated postoperative patients
with MRI to assess for residual disease and found a posi-
tive predictive value (PPV) of 82% and negative predic-
tive value (NPV) of 61%. False-positive enhancement at
the biopsy site was seen. In a study conducted by Hwang
and colleagues10 with 51 patients diagnosed with DCIS, it
was found that MRI had an accuracy of 88% in predicting
residual disease, 82% in predicting invasive disease, and
90% at predicting multicentricity. From this study the
detection of additional disease that impacts on the
patient’s management (multicentricity) was the strength of
MRI. A prior study from the same institution investigated
the optimal timing between surgery and the performance
of MRI.14 Based on the analysis of 68 patients at varying
days following surgery, it was found that the best time to
image was approximately 1 month following surgery.
Although it is very likely that the false-negative areas of
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enhancement are less the longer one waits after initial
surgery, the trade-off is prolonging definitive surgical treat-
ment for the patient. It is doubtful that most patients will
elect to wait for the MRI for a modest benefit in PPV and
NPV.

In a study at Memorial Sloan-Kettering Cancer Center
(MSKCC), we evaluated 100 patients with positive or close
margins following initial attempt at breast conservation.
All patients were potential candidates for breast conser-
vation before MRI. Lesions on MRI were classified as 
multicentric (different quadrant than operative site),
multifocal (same quadrant, >2cm away from operative
site), and unifocal (within 2cm of operative site). All
patients underwent definitive surgery. Fifty-eight patients
had residual disease at surgery: 20 multicentric, 15 multi-
focal, and 23 unifocal. Magnetic resonance imaging identi-
fied 18 of 20 (90%) cases of multicentric, 14 of 15 (93%)
cases of multifocal, and 18 of 23 (78%) cases of unifocal
residual disease. There were 13 false-positive findings,
including 5 cases of high-risk lesions [lobular carcinoma in
situ (LCIS), atypia], 6 suspicious lesions at the lumpectomy
site, and 2 lesions elsewhere in the breast. Eight false-neg-
ative findings included two cases of multicentric DCIS
occult to MRI and six cases of residual disease (four inva-
sive and two microscopic DCIS) immediately at or near
the lumpectomy site. Overall PPV was 82% and NPV was
84%. Magnetic resonance imaging was most successful at
identifying unsuspected multicentric and multifocal
disease.

6. Goals of Breast Cancer Treatment

Clearly, the goal in breast cancer treatment is the surgical
removal of all foci of carcinoma. In addition to surgical
removal, traditional treatment involves the administration
of whole breast radiation and boost radiation to the
lumpectomy site in the thought that there are undetected
residual islands of tumor that have not been removed sur-
gically and can benefit from treatment by external beam
radiation. With improvements in the ability to detect these
previously unknown sites of additional carcinoma, modifi-
cations in the algorithm of treatment following successful
lumpectomy may be feasible.

7. Treatment Issues

Residual disease and recurrence are related. Residual
disease that is untreated may eventually manifest itself as
a recurrence, either early (within the first 2 years) or late
(following 2 years). One of the issues is that some residual
disease is treated by radiation therapy that is currently rou-
tinely given and/or adjunctive chemotherapy. Radiation
therapy treats a significant portion of residual disease, but

not all. The disease that is not treated presents as recur-
rence. It is currently not known which disease can be safely
left behind in the breast following surgery as it will be
treated adequately by radiation and which disease will not.
Therefore, at this time it is surgically necessary to remove
all detected tumor.

As MRI detects more tumor than what we have been
able to detect with conventional imaging, there has been
much more extensive surgery in the efforts to remove all
tumor. Some critics have suggested that the extra surgery
may be unnecessary. The question can be turned around
and posed whether radiation therapy is necessary in all
cases. It may be that there is a role for careful MRI mon-
itoring in the patient with complete MRI excision of a
tumor and no appreciable undetected disease. These
patients may be able to forego radiation therapy. Addi-
tionally, careful MRI evaluation may be able to better
identify those patients who may benefit from radiation and
those who may need more extensive surgery based on size
of residual tumor. Faverly and colleagues21 have estimated
that approximately 50% of invasive ductal carcinomas are
of limited extent and may be treated well with limited
resection and may not need additional radiation therapy.
Magnetic resonance imaging may be helpful in identifying
those patients.

8. Conclusion

For the sometime perplexing problem of positive margins,
MRI can be a suitable alternative to blind re-excision. The
results can direct appropriate surgery so that the entire
carcinoma extent can be excised. Alternatively, the results
may indicate which patients would be better served with
mastectomy rather than breast conservation. As MRI may
identify benign disease, patients should not be recom-
mended for mastectomy without histologic proof of addi-
tional disease. The real benefit of MRI in patients with
close or positive margins is not to evaluate the immediate
postoperative margin for microscopic residual disease, as
the surgeon is planning on re-excision regardless of the
MRI result. Rather, the benefit lies in the detection of
bulky additional disease or disease entirely separate from
the lumpectomy site. As MRI is used more and more pre-
operatively to stage patients, the issue of residual disease
following initial attempt at lumpectomy may be less of a
problem in the future than is currently found in clinical
practice.
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In addition to its usefulness in evaluating the breast for the
diagnosis and staging of breast cancer, magnetic resonance
imaging (MRI) can be useful in examining the breast after
treatment. Specifically, MRI can be used to monitor the
effects of preoperative (neoadjuvant) chemotherapy. It is
also useful in assessing breasts after conservation therapy,
including lumpectomy and radiation. Information that is
important for treatment planning can be obtained about
the activity and extent of breast carcinoma using MRI.
Therefore, it can be a useful addition to mammography,
physical examination, and sonography for these clinical 
situations.

1. Neoadjuvant Therapy

Physicians are increasingly using multimodality treatments
for locally advanced breast cancer, including inflamma-
tory carcinoma. These regimens include preoperative
chemotherapy, followed by surgery, postoperative
chemotherapy, and possibly radiation therapy. Neoadju-
vant therapy is used to shrink or eliminate the tumor, and
tumor regression from that therapy correlates with suc-
cessful cancer treatment.

Monitoring the effects of neoadjuvant therapy is impor-
tant to assess effectiveness of chemotherapy after initial
doses, thereby determining if a specific treatment should
be continued, and to evaluate the extent of disease within
the breast after chemotherapy to decide on the extent 
of surgery required for successful tumor excision. While
clinical examination, mammography, and ultrasound are of
some utility, studies have found that each of them can lead
to incorrect conclusions. Data suggest that MRI is a more
effective means to monitor the results of neoadjuvant
therapy than these traditional techniques.

Patients with extensive tumor within the breast typically
do poorly. It has been difficult to achieve locoregional
control using either radiation therapy or surgery alone; 5-
year survival rates are less than 10% with single therapies,

while patients with combined surgery and radiation
therapy have a 20% 5-year survival rate. In contrast, mul-
timodality therapy, including preoperative chemotherapy,
followed by surgery, postoperative chemotherapy, and pos-
sibly radiation therapy, improves both the disease-free
interval and overall survival, with 5-year survival rates
reported at 35% to 50%.1

In multimodality treatment, neoadjuvant therapy is used
to reduce the size of the tumor or involved lymph nodes,
and any residual disease is then treated by surgery and
other therapies. The extent or absence of residual tumor in
the breast or lymph nodes after neoadjuvant therapy is 
an excellent predictor of patient outcome.2–6 Complete
response is defined as total disappearance of the lesion,
and partial response is defined as the reduction of a lesion
by 50% or more of its volume.7 Limited microscopic 
residual cancer does not play a significant role and is found
on pathology in 95% of cases thought to have complete
response.7 In a study by Feldman and colleagues,1 patients
without gross residual tumor after chemotherapy had 
6-year survival increase from 34% to 93%. That study 
identified a 17% complete pathologic response after
neoadjuvant therapy.

1.1. Monitoring Neoadjuvant Therapy

The clinical implications of accurate monitoring of neo-
adjuvant therapeutic response are substantial and include
the following points:

1. Identification of complete response or reduction of
tumor volume to less than 1cm, as well as nodal response
to therapy, indicates an improvement in the patient’s long-
term prognosis.3

2. Determination of failure of tumor to respond to
therapy makes it possible to alter management, reducing
suffering from unsuccessful therapy and saving costs.

3. With partial or complete response to therapy, surgery
is warranted, and the extent or required breast resection
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can be accurately gauged. In some cases, conservation is
possible. In one study, 59% of patients were eligible for
breast conservation after neoadjuvant treatment of large,
primary tumors.8

Conventional modalities for monitoring response to
neoadjuvant therapy include clinical examination, mam-
mography, and ultrasound. Many studies have correlated
therapy response based on these modalities with patho-
logic findings and have demonstrated that all three can
underestimate or overestimate residual tumor size, leading
to incorrect decisions as to surgery and other subsequent
treatment. The studies differ as to which method is more
accurate. Balu-Maestro and colleagues7 found that physi-
cal examination, mammography, and ultrasound correlated
with histopathology in 52%, 38%, and 43% of cases,
respectively. In a study by Dershaw and colleagues9

mammography was more reliable than physical examina-
tion. Although mammography and physical examination
often had concordant results in that study, the mammo-
gram sometimes showed disease that was not detected
clinically.

The determination of posttreatment residual tumor by
physical examintion can be extremely difficult and can
result in both over- and underestimation of residual tumor
size. On palpation, chemotherapy-induced fibrotic and
necrotic mass can mimic residual tumor and cause over-
estimation.7 In contrast, apparent clinical regression is
sometimes identified by the physician as a result of the 
resolution of adjacent inflammatory changes, even when
there is little change in the underlying tumor mass. Clini-
cal palpation is also dependent on the clinician’s expertise,
the breast size, and the lesion type.10 Feldman and co-
workers1 showed that 45% of patients who had a complete
response in clinical examination had macroscopic tumor
on histology and that 60% of patients who had no gross
residual tumor on histology had incomplete clinical
response. Mumtaz and colleagues11 showed that patients
who had a complete clinical response had residual tumor
measuring up to 6.5cm on histology. In a study by Partridge
and coworkers,10 five of eight complete clinical responders
were found to have residual disease on pathology, with a
mean size of 4.7cm.

Although mammography and ultrasound have been
used conventionally for monitoring response to neoadju-
vant therapy, each is seriously limited in this setting and
can yield incorrect data.

1.1.1. Mammography

Chemotherapy leads to necrosis and fibrosis, which 
appear as persistent density on a mammogram. Similarly,
calcifications associated with a carcinoma can persist even
when viable tumor cells are no longer present. Both 
persistent density and calcification can be incorrectly 
identified as a site of carcinoma on a mammogram,

resulting in falsepositive results.12 False-negative cases or
underestimation can occur when chemotherapy decreases
calcifications although residual disease persists, or when
focal tumor mass is obscured by posttreatment density 
or by dense, adjacent parenchyma. Vinnicombe and
coworkers13 found that of eight patients with complete
response on mammography, five had residual disease on
pathology, and of eight patients with complete response on
pathology, only three had complete response on mam-
mography. Gilles and colleagues14 studied 14 women with
residual disease on pathology who had preoperative mam-
mograms; only 9 demonstrated residual disease on 
mammography.

1.1.2. Ultrasound

Ultrasound has been shown to be the most accurate of the
conventional modalities for evaluating lymph node
response and is useful for assessing edematous infiltra-
tion.15 However, it is less reliable for large lesions, partic-
ularly if the lesions are poorly defined, fragmented, or
multifocal, all of which are difficult to identify by ultra-
sound and result in false-negative results.7 Although his-
tology confirmed complete response in 5% of cases, a
complete response was predicted by ultrasound in 13% 
of cases in a study by Minckwitz and coworkers.8

False-negative results were seen in breasts with as much 
as 0.8cm of residual tumor. Because ultrasound is also
user-dependent, an exact comparison may be difficult on
follow-up examinations.16 Color Doppler ultrasound, like
MRI, may have an additional role because it can better
evaluate tumor size and can also monitor vascularity, but
this requires further study.7

1.2. Role of Magnetic Resonance Imaging in
Monitoring Response

In the untreated breast, MRI has a high sensitivity for
detection of breast cancer as small as 1cm (95%–97%)
with variable specificity of 30% to 97%. Magnetic reso-
nance imaging detects lesions not only based on morpho-
logical pattern, but also based on characteristics of contrast
enhancement. Early contrast enhancement in MRI gener-
ally identifies untreated breast cancer due to hypervascu-
larity and increased vascular permeability. Fibrotic tissue
is responsible for some of the false-positive results in 
conventional imaging. Because fibrosis generally does not
demonstrate early enhancement, fibrosis should not result
in frequent false-positive MRI studies.7

Magnetic resonance imaging also has other advantages.
Abraham and colleagues17 demonstrated 100% agreement
among three independent readers using MRI, whereas two
independent clinical examiners only agreed in 75% of
cases. In determining size of residual tumor after treat-
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ment, Partridge and coworkers10 showed variation on MRI
measurement of tumor size between two radiologists in
only 11% of the cases.

Magnetic resonance imaging is also useful in evaluating
multifocal and multicentric disease. Of the 32 patients who
had mastectomy in one study, MRI correctly identified
multifocal tumor in 9 of 12 and all 3 cases of multicentric
disease.7 In this same study, mammography and ultrasound
identified multifocal lesions in only 6 of 12. These results
are supported by a study by Abraham and colleagues17 in
which MRI detected 23 of 24 cases of multicentric disease.
Magnetic resonance imaging may also play a role in 
evaluating lymph nodes, chest wall, nipple, and skin
involvement and their response to neoadjuvant therapy.

Magnetic resonance imaging is also useful in evaluation
of the contralateral breast, which is especially helpful in
these preoperative patients. Studies have shown that MRI
detects contralateral cancer in 4% to 24% of patients with
recently diagnosed breast cancer.18–21

While MRI should work better than conventional
modalities, it does have limits, as described in the follow-
ing discussion. In addition, cytotoxic agents used in neo-
adjuvant therapy reduce vascularization, requiring the
reader to adjust parameters for reading magnetic 
resonance (MR) in the postneoadjuvant therapy breast.

Studies agree that MRI can accurately determine a
response to neoadjuvant therapy, but there have been
mixed results in the determination of whether MRI can
accurately evaluate the extent of residual disease. Early
studies were promising and demonstrated that MRI accu-
rately identified response to therapy and extent of resid-
ual disease. In a study of 18 cases of residual tumor, Gilles
and colleagues14 showed dynamic MRI to correctly assess
17, and MRI correlated well with histologic size in 15 of 18
cases (83%). Only one false-negative case was found in
which a 2-mm cluster of invasive tumor cells was not
detected. Different techniques, including thinner slices,
may have identified this cluster. Thirty-nine women were
reported by Abraham and colleagues17; tumors studied
were stages 2 to 4. It was found that MRI findings corre-
lated with the extent of residual tumor seen on histology
in 97% of cases (30 of 31cases), and MRI more accurately
defined response than conventional methods.Among these
patients, MRI and mammography accurately agreed in
their evaluation of the complete and partial response
groups; however, in 12 patients thought to have no
response by mammography, MRI accurately showed a
response in 8 cases, and in 4 cases viewed by mammogra-
phy as indeterminate, MRI showed them to have either a
partial or complete response. In the study by Partridge and
colleagues,10 MRI accurately identified all 44 cases of 
residual disease, and accurately identified 3 of 8 complete
responses seen on histology. Balu-Maestro and coworkers7

correctly identified the extent of residual disease in 63%
of patients evaluated with MRI. MRI identified all 5

tumors with complete response and 45 of 55 with partial
or no response. The series included 10 false-negative MRI
assessments of response: MRI indicated no residual tumor
but cancer was found at pathology (invasive ductal carci-
noma in 8 and ductal carcinoma in situ in 2). In another
study of 58 women, MRI was qualitatively accurate for
identifying response to therapy with a specificity of 96.3%
and negative predictive value of 89.7%.22

More recent studies have been less encouraging about
the ability of MRI to evaluate extent of residual disease.
Rieber and colleagues22 evaluated whether MRI could
accurately determine the quantitative response to neoad-
juvant therapy. Patients were assigned to the no response,
partial response, or complete response group. Magnetic
resonance imaging was relatively reliable in determining
those with any response, with a positive predictive value of
83.3%. Only two patients with pathologic partial response
were assigned to the nonresponder group based on MRI
findings. The accuracy of MRI in this study suggests that it
is a useful tool to determine those who would benefit from
change in therapy. The usefulness of MRI in determining
a complete response was less encouraging: 66.7% of cases
were false-negatives including studies of breasts contain-
ing invasive tumor nodules up to 1cm as well as dissemi-
nated disease. Residual tumor was underestimated in
seven of nine cases of invasive lobular carcinoma. This 
may be due to differences in contrast medium uptake in
lobular cancers that more often leads to false-negative
results.22 The reliability of MRI in those with a partial
response seemed to depend on the degree of response to
chemotherapy. Magnetic resonance imaging size determi-
nation was more reliable in tumors with a modest response
than with tumors with a more significant response. Mag-
netic resonance imaging overestimated residual tumor in
more than half (56%) of the partial response group by an
average of 1.1cm. Two patients with no response on histo-
logic analysis were incorrectly placed in the partial
response group based on MRI findings. This may be due
to compromise in vascularity occurring in response to
chemotherapy that appears as size reduction on MRI.22 In
still another series it was demonstrated that the size of
residual disease after chemotherapy was often over- or
underestimated on MRI. However, MRI was of value in
predicting tumor size when there was no response or a
complete response. In those with no response to treatment,
MRI was highly accurate, correlating with pathology
within a few millimeters, except in those three cases that
were infiltrating lobular carcinoma.16

1.2.1. Explanation for Magnetic Resonance Imaging
False-Positive and False-Negative Results

The inaccuracy of MRI determination of tumor volume
after neoadjuvant therapy can be due to a variety of
factors. These include (1) therapy-induced changes caus-
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ing decrease in tumor enhancement that is independent 
of response to treatment resulting in overestimation of
chemotherapy effect; (2) increased contrast enhancement
that occurs due to therapy-induced noncancerous alter-
ations within the tumor, including reactive changes in
tumor such as fibrosis, necrosis, and inflammation—these
can simulate tumor enhancement and lead to overestima-
tion; and (3) loss of tumor contiguity in a previously con-
tinuous tumor can lead to underestimation of residual
tumor size.16 Additionally, there is controversy about the
ability of MRI to accurately detect and stage the extent of
ductal carcinoma in situ (DCIS). Unlike mammography,
MRI is unable to detect microcalcifications and therefore,
may fail to identify foci of DCIS that are readily appreci-
ated on a mammogram. False-negative MRI can also be
due to variation in technique and the speed image acqui-
sition. With technological advances, sequences and speed
of scanning have improved. Improved spatial resolution
and smaller slice thickness have also decreased the false-
negative rate. However, further studies are needed to

determine if sequences that maximize spatial or temporal
resolution are of the greatest value when evaluating the
postneoadjuvant therapy breast.

1.3. Magnetic Resonance Imaging Procedures
for Monitoring Neoadjuvant Therapy

1.3.1. Determining Residual Disease on 
Magnetic Resonance Imaging

To evaluate residual disease using MRI, physicians should
determine the number and size of tumors as well as the
dynamics of contrast enhancement (Figures 14.1 through
14.3). Cytotoxic agents affect tumor vascularization and
vascular wall permeability, which causes a decrease or
delayed enhancement observed in tumors after neoadju-
vant therapy. One should still be able to differentiate resid-
ual tumor enhancement from fibrotic tissue, which
generally does not demonstrate early enhancement.
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Figure 14.1. This 57-year-old woman with a palpable mass
underwent core biopsy yielding invasive ductal carcinoma.
Magnetic resonance imaging was performed during the patient’s
course of preoperative neoadjuvant chemotherapy. (A) Sagittal
fat-suppressed T1-weighted image postcontrast revealed an 
irregular heterogeneously enhancing mass with associated spicu-
lations spanning approximately 5.5cm in the lower outer quad-

rant. An abnormal enlarged axillary lymph node is also seen. (B)
Approximately 5 weeks after initiation of chemotherapy, repeat
MRI demonstrated decrease in enhancement consistent with
response to chemotherapy of the tumor and axillary nodes.
Pathologic analysis showed invasive carcinoma in the form of
multiple tumor emboli in lymphatic vessels and scattered micro-
scopic foci of DCIS, with tumor in 2 of 13 lymph nodes.
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Figure 14.2. This 39-year-old woman with a palpable mass
underwent core biopsy yielding invasive ductal carcinoma.
Magnetic resonance imaging was performed before and after
preoperative neoadjuvant therapy. (A) Sagittal subtraction 
image obtained before chemotherapy revealed an irregular rim-

enhancing mass in the upper outer quadrant measuring 4.0cm.
(B) Postchemotherapy, preoperative MRI subtraction image
demonstrated interval decrease in enhancement that was con-
cordant with the physical examination. Mastectomy was per-
formed and showed no residual carcinoma.

Figure 14.3. This 53-year-old woman with a palpable mass
underwent core biopsy yielding invasive ductal carcinoma and
DCIS. Magnetic resonance imaging was obtained before and
after chemotherapy. (A) Sagittal fat-suppressed contrast-
enhanced T1-weighted image before chemotherapy revealed an
irregular heterogeneously enhancing mass spanning 6cm in the
upper outer quadrant with enhancement extending to the chest

wall. (B) MRI taken approximately 7 weeks after the initiation
of chemotherapy demonstrated an increase in the abnormal
enhancement of the tumor, with progressive involvement of the
chest wall and skin, consistent with progression of disease.
Surgery was not performed due to disease progression, but
medical therapy was subsequently altered to a different
chemotherapeutic regimen.
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Residual disease was determined differently in the various
studies. Residual disease was identified as any early con-
trast enhancement (less than 1min, 34s) in the study by
Gilles and colleagues14 Partridge and colleagues10 identi-
fied any notable enhancement in the tumor bed in the 
posttreatment MRI as suspicious, attempting to compen-
sate for the decreased contrast uptake of tumor after
chemotherapy. Magnetic resonance imaging evaluation
was performed before and after neoadjuvant therapy, and
changes in contrast enhancement uptake and washout
were studied by looking at decreases in peak percentage
of enhancement and peak signal enhancement ratio.
Partridge and colleagues10 also used maximum intensity
projections to visualize the extent of the lesion in three
dimensions. Esserman and coworkers3 measured changes
in the longest diameter of the tumor to determine 
treatment response. Further study is needed to determine
if volumetric changes in tumor are a better way to 
evaluate the response to therapy than unidimensional
changes.

The appropriate timing of MRI to optimize accuracy of
assessment of tumor response is as yet unestablished.
Rieber22 suggested that MRI should be performed no
sooner than 6 weeks after initiation of neoadjuvant
therapy if it is to reliably monitor the response to therapy.
However, preliminary studies by Partridge and col-
leagues10 suggested that MRI accurately assesses change in
tumor volume after only one cycle of chemotherapy.

1.4. Areas of Future Study

A multiinstitutional study has been set up (American
College of Radiology Imaging Network [ACRIN] Study
6657) to further evaluate breast MRI usage for patients
undergoing neoadjuvant therapy, to quantify early
responses to therapy using MRI measurements of tumor
volume and contrast kinetics, and to assess the various
MRI patterns of disease and their response to therapy and
impact on survival.

Positron emission tomography (PET) may have a role in
monitoring response to neoadjuvant therapy by evaluating
changes in glucose metabolism. Further studies are needed
to compare the accuracy of PET with MRI and other
modalities in this clinical setting.23

With the increasing use of neoadjuvant therapy, accu-
racy of monitoring response to this therapy is needed.
Conventional methods have been studied and shown to be
inaccurate. Magnetic resonance imaging will increasingly
play a role due to its capability to evaluate changes in
enhancement before and after therapy. Although studies
have demonstrated mixed results as to the accuracy of
MRI in evaluating extent of residual disease, clear evi-
dence suggests that MRI can be used to predict tumor
response within 6 weeks of therapy, perhaps as soon as the
completion of the first cycle of chemotherapy.

2. Magnetic Resonance Imaging and
Breast Conservation Therapy

Breast conservation, including wide local excision with
radiation, is increasingly being used for early breast carci-
noma, as overall survival and recurrence rates are not 
significantly different than total mastectomy.24 When the
breast is completely removed, the issue of recurrence of
tumor in residual breast tissue does not arise. However,
with increasing breast conservation, detection of tumor
recurrence in the treated breast is an increasingly common
clinical issue. As with the postneoadjuvant therapy breast,
conventional monitoring methods have limitations, and
MRI offers some advantages when monitoring for 
recurrence.

Local recurrence after breast conservation occurs at a
rate of 1% to 2% a year, with the majority occurring within
the first 5 years. However, recurrence is rare within the first
18 months after treatment.25–28 Recurrences in the first
decade after treatment are usually due to failure to cure
the originally diagnosed cancer. Therefore, these usually
occur at or near the lumpectomy site. Cancers developing
in the treated breast 7 or more years after treatment are
usually due to growth of new carcinoma in the breast and
are often at a distance from the lumpectomy site.25 As with
the original tumor, earlier detection and treatment of the
local recurrence can improve the long-term survival.25,29

According to Kurtz and colleagues,25 a significant correla-
tion exists between survival after local recurrence and
extent of recurrence. Local recurrence that is <2cm and
confined to the breast had a 74% overall 5-year survival.
Additionally, compared with the average-risk woman,
these patients have a six-fold risk of a second primary in
the contralateral breast.30

2.1. Local Recurrence: Detection with
Conventional Methods

Conventional methods for detection of local tumor recur-
rence include physical examination and mammography;
less frequently ultrasound can be used. On mammography,
local recurrence is usually detected as a focal mass, distor-
tion, increased density at the scar, or calcifications. On
physical examination, a mass may be palpated.31

Detection of local tumor recurrence, as well as evalua-
tion of the remainder of the breast, by conventional
methods can be difficult due to posttreatment alteration,
especially within dense breasts. On physical examination,
it is often difficult to differentiate recurrence from the
postsurgical scar and postradiation changes. On mam-
mography posttreatment changes such as edema, stromal
coarsening, architectural distortion, increased density, focal
mass, skin thickening, and fat necrosis calcifications can
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mimic or obscure recurrent disease. Mammography can
also be technically problematic due to difficulty in posi-
tioning the entire lumpectomy bed on the mammogram
and decreased compressibility of the breast.32 Diagnostic
problems can be compounded in women receiving
chemotherapy as well as radiation. In these women, skin
thickening and parenchymal changes such as stromal
coarsening and increased breast density are more severe.33

Ultrasound is also limited for the detection of recurrence,
as it is operator dependent. Also, hypoechogenicity and
shadowing at the site of scarring can limit evaluation due
to their similarity to patterns seen with recurrent tumor.
There is also the problem of diminished reliability of
sonography for detection of small and noninvasive cancers,
even in the untreated breast.32,34

In addition to the problem of detecting recurrent
tumors, diagnosis with mammography and physical exam-
ination is hampered by the inability to differentiate recur-
rent tumor from scarring and fat necrosis.32 Repeated
biopsy to make this differentiation can compromise the
cosmetic result of breast conservation. Therefore, it is
desirable to differentiate scar from tumor by noninvasive
techniques, if possible.

2.2. Posttreatment Findings on 
Magnetic Resonance Imaging

Because MRIs show areas of increased blood flow rather
than tissue density and because clinical issues with recur-
rence versus scar arise 18 months or more after therapy,
MRI offers some advantages over conventional methods
in assessing some clinical issues in this patient population.
This is illustrated in results from a study by Heywang-
Kobrunner and coworkers32 of 62 patients who had breast
conservation who presented with suspicious findings on
conventional methods or had dense breasts in which it was
difficult to evaluate changes in the breast tissue after radi-
ation and surgery. During the first 9 months, irradiated
normal tissue demonstrated patchy or diffuse enhance-
ment. Enhancement appeared early in a least one third of
these cases. Between 10 and 18 months, the amount and
rate of enhancement decreased on a variable basis. At 18
months after therapy, enhancement was insignificant in
93% of cases. The enhancement pattern of the scar after
radiation showed a similar pattern as the radiated normal
breast tissue, with early strong enhancement postradiation
that decreased with time. Even without radiation, the post-
surgical scar tended to enhance within the first 6 months.

This study by Heywang-Kobrunner and colleagues32

demonstrated that within the first 18 months, contrast-
enhanced MRI was limited but could exclude a recurrence
if no suspicious enhancement was identified. The utility of
MRI was limited by the discovery of many false-positive
results. After 18 months, MRI was able to exclude malig-

nancy, confirm suspected local recurrence, and detect
unsuspected malignancy as small as 3mm with 100% pos-
itive and negative predictive values. Benign results for
women who did not undergo biopsy were confirmed by at
least 24 months of clinical, mammographic follow up or
pathologic correlation.32

Although scar generally does not enhance more than 18
months after treatment, enhancement has been reported
several years after excision. Solomon and coworkers35

described a case of delayed development of enhancement
in fat necrosis that developed 32 months after breast-
conserving surgery and noted that this is a potential pitfall
of breast MRI. Late enhancement of scar tissue is a rela-
tively infrequent occurrence, but the possibility of a benign
etiology for enhancement at the lumpectomy site years
after surgery reinforces the importance of biopsy to deter-
mine histology for suspicious areas of enhancement
detected at breast MRI.

Other studies have proven MRI to be highly sensitive as
well as specific in detecting local tumor recurrence com-
pared with mammography and clinical examination.
Lewis-Jones and cowokers36 reported that MRI detected
all 11 recurrent tumors (100% sensitivity) with only 2 false-
positive cases (94% specificity). One case of false-positive
enhancement on histology revealed atypical lobular hyper-
plasia, and the other was fat necrosis and fibrous tissue.
Of nine cases suspected on mammography, only two
demonstrated tumor recurrence on histology. On clinical
examination, only five of the proven recurrences were 
considered highly suspicious, and seven lesions considered
highly suspicious on clinical examination were benign.
Kerslake and coworkers37 reported a series in which MRI
detected all four recurrences, whereas mammography
detected two. Of the 16 benign scars detected on MRI,
mammography demonstrated suspicious lesions in 8. In
another series, this one by Gilles and coworkers,31 MRI
detected all 14 cases of local recurrence. The one false-
positive case of strong early enhancement on histology was
fat necrosis. Of the other 11 suspected lesions, MRI showed
no early enhancement; benignity was demonstrated either
with biopsy or follow up. Supporting these data is the expe-
rience of Dao and coworkers,38 who reported that all 10
reported recurrences were detected on MRI, while mam-
mography detected only 6 of these. In a series by Murray
and coworkers30 of 37 patient examinations suspected for
carcinoma, 5 patients showed six lesions that demonstrated
rapid enhancement, all of which were biopsy proven car-
cinomas. Six patients with lesser degrees of enhancement
had benign biopsy or follow up, and the other 25 patients
had no enhancement.

Still others have reported a high sensitivity and speci-
ficity for MRI in the diagnosis of recurrence after breast
conservation. In one study of 105 patients with 9 local
recurrences who had clinical examination, mammography,
and MRI, the sensitivities for clinical examination alone,
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mammography alone, clinical examination and mammog-
raphy together, and MRI alone were 89%, 67%, 100%, and
100%, respectively. However, the specificities were 76%,
85%, 67%, and 93%, respectively.27 In a study by Hickman
and colleagues,39 MRI detected all 4 recurrences in 24
women. There was one false-positive result that on histol-
ogy was a myxoid fibroadenoma, which can enhance in a
similar pattern as carcinoma.39

Magnetic resonance imaging also is advantageous due to
its ability to detect multifocal and contralateral lesions
within treated and dense breasts. In the study of Gilles and
coworkers,31 MRI detected all cases of multifocal disease
except one case in which the lesion was not imaged and
two other foci measuring 1mm each. In the study by Dao
and coworkers,38 the one case of multifocal disease that
was evident on MRI could not be seen on mammography,
even in retrospect. In the study of Murray and coworkers,30

one of five patients had unexpected contralateral carci-
noma discovered on MRI.

2.3. Imaging Findings on Magnetic 
Resonance Imaging to Detect or 
Exclude Local Recurrence

Magnetic resonance imaging findings in recurrences are
identical to those seen in cancers developing in the
untreated breast. Recurrences demonstrate early strong
enhancement (Figures 14.4 and 14.5). It has been sug-
gested that quantitative evaluation of signal intensity may
be helpful in this situation with strong enhancement
reported at 1.5 to 3.0min after injection.30–32,37 Fibrous post-
operative scar is often identified as a mass with less marked
and slower enhancement; cysts or seroma/hematoma can
confidently be identified by signal characteristics on MRI.36

Early studies suggested that the T2-weighted sequences
are useful to differentiate tumor from scar, with tumor
being of higher signal on T2-weighted images; however,
this is not consistently demonstrated in the literature.36,38

Secondary signs of malignancy such as skin thickening,
retraction, and nipple inversion are less useful in the
treated breast because these findings could be due to the
initial therapy as well as due to recurrence.36,37 Addition-
ally, early skin enhancement can be caused by recurrence
and by radiation. Therefore, this sign may not enable dis-
tinction of recurrence from postradiation change in the
treated breast.

There are some situations in which other imaging
modalities may have advantages over MRI in detection of
recurrence. It should be remembered that microcalcifica-
tions associated with carcinoma can be readily appreciated
on mammography in a tumor that is not identified on MRI.
The evolution of fibrosis into an avascular, nonenhancing
lesion may take up to 18 months. Earlier than this, it can
be difficult to differentiate posttreatment inflammation
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from carcinoma in enhancing lesions. This is particularly
true in the first 9 months after treatment. It should also be
noted that the size of tumor recurrence detectable with
magnetic resonance (MR) depends on scanning parame-
ters. The lower limit of recurrence size detectable with
MRI is yet to be determined.

There is little doubt that MRI in the treated breast is
very sensitive as well as specific, unlike in the untreated
breast where MRI has higher sensitivity than specificity.
Although radiation changes may decrease MRI detection
of benign entities, MR is useful in differentiating tumor
recurrence from scar, particularly 18 months after radia-
tion therapy when treatment-induced alterations are 
generally no longer enhancing and the clinical need to 
differentiate these two entities is most important.

Figure 14.4. This 77-year-old woman presented with new full-
ness at the lumpectomy site. She was 6 years postlumpectomy and
axillary dissection for node positive invasive carcinoma. Mam-
mography failed to demonstrate suspicious findings. Sagittal fat-
suppressed contrast-enhanced T1-weighted image of the treated
breast demonstrated a 2.5-cm irregular heterogeneously enhanc-
ing mass (straight arrow) in the 12:00 axis with ductal extension
into the nipple (arrowhead) just inferior to the prior lumpectomy
site, identified by susceptibility artifact from the surgical clips
(curved arrow). Cytology confirmed adenocarcinoma. At mas-
tectomy, a 2.5-cm invasive carcinoma with associated DCIS was
found.
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Figure 14.5. This 52-year-old woman had a history of right breast
DCIS 6 years ago. (A) Collimated mediolateral oblique mam-
mographic view of the right breast demonstrated possible
increased distortion in the superior right breast at the lumpec-
tomy site. (B) On sagittal subtraction MRI of the right breast, dis-
tortion and irregular nodular enhancement extended from the

lumpectomy site laterally with a greater extent than seen on
mammography. Histologic analysis yielded multiple foci of 
invasive and in situ ductal and lobular carcinoma, treated with
mastectomy. (C) Sagittal subtraction image of the contralateral
(left) breast demonstrates an irregular retroareolar mass. Surgery
revealed a 1.1-cm invasive cancer, treated with mastectomy.
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Approximately 1 to 2 million women in the United States
have breast implants, placed for cosmetic augmentation in
approximately 80% of these women and for reconstruction
after breast cancer surgery in approximately 20%.1 There
are two primary purposes for performing magnetic reso-
nance imaging (MRI) after implant placement: evalua-
tion for silicone implant rupture and detection of breast
cancer. Magnetic resonance imaging to evaluate for sili-
cone implant rupture is a noncontrast examination, using
specific sequences optimized for evaluation of the internal
structure of the implant and for identification of free sili-
cone. Magnetic resonance imaging for detection of breast
cancer involves both precontrast and postcontrast images,
ideally with fat suppression and subtraction. This chapter
discusses the use of breast MRI in women with implants,
both for identification of silicone implant rupture and
breast cancer detection.

1. Implants: Types and Terms

Implants are defined in terms of their location and their
composition.2–4 Breast implants may be placed behind the
glandular tissue but in front of the pectoral muscle, in a
position that has been called subglandular, retroglandular,
or retromammary. This position maximizes the augmenta-
tion effect of the implant, but obscures more tissue on the
mammogram. The second possible position of breast
implants is behind the pectoral muscle, in a position that
has been termed subpectoral or retropectoral. Placing the
implant behind the muscle is a more involved surgery and
has less of a cosmetic augmentation effect, but may
decrease the risk of capsular contracture and enables
better visualization of the tissue for subsequent mammog-
raphy. For women who have implants placed after mastec-
tomy, the implant is always placed behind the muscle.

Implants may be composed of saline, silicone, or a com-
bination of these materials. The silicone gel within silicone
implants is a lightly crosslinked polymer of polydimethyl-

siloxane (PDMS).5 Some implants contain a single lumen;
others may contain two or three lumens. Implants with
multiple lumens may have one lumen within another (e.g.,
silicone within saline), or the implants may be stacked,
one behind the other. A standard double lumen (silicone
within saline implant) can be recognized at mammography
because the outer saline lumen is more lucent than the
inner silicone lumen; identification of the concentric lucent
outer saline lumen at mammography demonstrates that
the implant is intact.6 Expander type implants can be 
gradually filled through a subcutaneous port and tubing.
Expanders can be entirely saline or have an inner saline
and outer silicone lumen.

Implants also differ in the composition of the outer
envelope, with one example being a silicone elastomer
shell.5 Textured surfaces and a layer of polyurethane
coating the surface were developed to decrease the likeli-
hood of contracture and can sometimes be identified on
mammography as a fuzzy border to the implant. The
polyurethane-textured implant is no longer available due
to concern about release of a by-product [2,4-diamino-
toluene (TDA)] that may be carcinogenic in laboratory
animals.7 Knowledge of the specific type of implant used is
helpful in interpretation of the MRI, because the MRI
pattern will vary depending on the type of implant.8 Cor-
relation with the mammogram and specific clinical history
regarding the type of implant are useful in this regard.

In 1992, the Food and Drug Administration (FDA)
reviewed existing data regarding silicone gel implants and
concluded that there was insufficient evidence of safety 
to support their widespread use.9 On the basis of that 
decision, the FDA restricted the placement of new 
silicone implants to women with temporary breast-tissue
expanders who were awaiting permanent reconstructive
surgery, patients who had reconstruction at the time of
mastectomy; patients who required the device for urgent
medical reasons, such as rupture of a device already in
place; and patients who participated in extended availabil-
ity protocols or carefully controlled clinical trials.9
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In January 2004, three months after an advisory com-
mittee from the FDA voted 9 to 6 to recommend approval
of silicone gel implants for cosmetic use, the FDA decided
to defer its decision on this issue.10 The FDA notified the
Inamed Corporation, a California company that sells
implants for breast reconstruction, that more studies were
necessary. The FDA indicated the need for more informa-
tion regarding implant safety and failure rate, reasons for
and sequelae of leakage or ruture, how women can recog-
nize implant failure, and long-term consequences of breast
implants.10 At the time of this writing, the 1992 ban on
placing silicone implants for cosmetic breast augmentation
persists.

When an implant is placed, a fibrous capsule forms
around it, essentially representing the layer of scar tissue
that forms around any device implanted in the body.11 The
capsule may become firm to palpation, a process known as
capsular contracture.12 Calcifications may develop within
this fibrous capsule that can be detected by mammogra-
phy.13 In addition to capsular contracture and calcification,
potential complications of implants include breast pain,
hematoma, and infection.12 A possible link between sili-
cone implants and connective tissue diseases has been sug-
gested; studies have excluded a significant increased risk of
these disorders, but do not exclude a small association or
connection with atypical syndromes.1,7,12,14 Another possi-
ble complication of any implant is implant failure.1,7,12

2. Implant Failure

When saline implants develop a tear in the silicone
polymer shell, there is rapid loss of the saline. Failure of
saline implants is a clinical diagnosis and imaging is not
necessary. Saline implants nearly always have a textured
surface. A small amount of fluid can be seen around saline
implants as a normal finding. Similarly, Ahn and col-
leagues15 reported intracapsular fluid with 15% of silicone
implants and noted a trend that fluid was more common
when implant shells were textured or covered in
polyurethane. Positive microbial cultures were identified in
39% of implants with fluid and 43% of those without
fluid.15

Many terms have been used to describe implant
failure.6,11 Gel bleed is the normal transudation of 
microscopic amounts of low-molecular-weight silicone gel
through an intact shell. Gel leak or uncollapsed rupture has
been variably defined. Dowden11 considered a leak to be
an abnormal condition in which a small amount of silicone
gel passes through a detectable small hole in the shell,
resulting in a thin coating of gel, usually less than 0.5mm
thick, on the external surface of the shell; Berg and col-
leagues6 defined an implant to be leaking at surgery if it
appeared sticky but grossly intact. There are two types of
rupture: intracapsular rupture, in which a tear or disruption

of the shell occurs such that a significant portion of the 
silicone gel lies outside the shell, but within the capsule,
and the shell collapses into the gel to varying degrees;
and extracapsular rupture, when there is displacement of
silicone gel from a ruptured implant through the fibrous
scar or capsule into the adjacent tissues, often caused by 
a strong external force.

Berg and colleagues6 suggested that implant rupture be
thought of as a spectrum of loss of integrity of the implant
shell, from microscopic gel bleed to gross extracapsular
rupture. The FDA advisory panel’s review suggested that
in 4% to 6% of asymptomatic women with implants, the
implants have ruptured.9

Implants can rupture from a variety of traumatic
stresses, including manual compression to break up a
painful capsule (closed capsulotomy), motor vehicle 
accidents, insertion of pleural tubes, or gunshot wounds.1

Cases have been reported in which implant rupture was
attributed to breast compression during mammogra-
phy,16,17 although the relationship between mammographic
compression and implant rupture remains unproven.1

Most implant ruptures have no specific identifiable cause.
The most important factor predisposing to rupture is age

of the implant. Berg and colleagues3 found that the mean
duration of implantation of ruptured implants was 13.4
years (range, 1–22y), as compared with mean duration 
of 7.7 years (range, 6mo to 24y) for intact implants.
Robinson and colleagues18 found that 64% of implants that
had been placed for 1 to 25 years were ruptured or leaking.
The number of women who had two intact implants
decreased with age, from 89% after 8 years to 51% after
12 years to 5% after 20 years.18 The clinical observation
that older implants are more likely to rupture is consistent
with results of mechanical studies, which suggest a weak-
ening of the implant shell with increasing time after
implantation.19–21

Among implant ruptures, 77% to 89% are intracapsular
and 11% to 23% are extracapsular.1 When the rupture is
extracapsular, silicone can migrate within the breast
parenchyma, rarely even in an intraductal fashion, through
the ducts and out through the nipple, and even transcuta-
neously through the skin. Silicone may also migrate to axil-
lary lymph nodes as well as to more distant sites, including
pleura, chest, ribs, extremities, abdominal wall, inguinal
region, and liver. Silicone granulomas occur in response to
silicone migration. This may be particularly problematic in
the region of the brachial plexus. Silicone migration and
resulting scarring may yield sequelae such as lumps, pain,
swelling, and skin tightening.

The diagnosis of implant rupture can be challenging.
History and physical findings may be helpful but are often
nonspecific. A history of trauma may or may not be
present:Among 18 patients with ruptured implants treated
by Anderson and colleagues,16 3 (17%) gave a history of
recent trauma, 7 (39%) gave a history of trauma more than
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1 year before any sign or symptom, and 8 (44%) gave no
history of trauma. Symptoms can include pain; palpable
masses in the axilla, breast, or chest wall; or change in size,
shape, or texture of the breast. The presence of symptoms
is not a reliable predictor of rupture: Robinson and col-
leagues18 found the frequency of rupture was 72% among
women with symptoms versus 71% among women without
symptoms.

Treatment of implant rupture is somewhat variable. The
FDA has recommended removal of breast implants known
to be ruptured.9 Although most would agree that extra-
capsular rupture warrants explantation, there is difference
of opinion regarding the need for explantation in women
with intracapsular rupture. Some surgeons have suggested
that routine prophylactic explantation be performed at 8
years, to prevent potential future rupture.18 Whether the
benefit of removing an intact implant outweighs the poten-
tial risks associated with the surgery remains to be 
determined.

3. Imaging Implant Rupture

Imaging studies can be useful in diagnosing implant
rupture. The FDA has not advocated the use of imaging
studies specifically to screen asymptomatic women for
implant rupture.9 However, for women who are of an
appropriate age to undergo screening mammography, the
mammographic findings may demonstrate or suggest the

possibility of implant rupture and may prompt further
evaluation.3 In addition, women with signs or symptoms 
of implant rupture may come to imaging. This section
describes the use of mammography, sonography, and MRI
in women with breast implants, concentrating specifically
on findings associated with silicone implant rupture.

3.1. Mammography

The primary indication for performing mammography in
women with implants is the same as that for women
without implants—to detect breast cancer. Mammographic
evaluation of the augmented breast should include, when
possible, standard craniocaudal and mediolateral oblique
views as well as two additional views of each breast, which
have been called “implant displaced,” “push-back,” or
“Eklund” views.22,23 In these implant displaced craniocau-
dal and mediolateral oblique views, the implant is pushed
back and the breast tissue is pulled forward. The conven-
tional views encompass as much of the breast tissue as 
possible; the implant displaced views exclude the most 
posterior tissues, but provide better separation of
parenchymal densities in the more anterior portion of the
breast.24

In one study of mammography in 350 asymptomatic
women with implants, mammography identified dense 
silicone globules in the breast parenchyma in 16 (5%)
women, consistent with extracapsular rupture (Figure
15.1); 2 of these women had bilateral ruptures.13 Fibrous
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Figure 15.1. Extracapsular silicone imaged by
mammography in a 60-year-old asymptomatic
women who had silicone implants that ruptured
and were replaced 3 years previously. (A) Medio-
lateral oblique view from digital left mammogram
shows a mildly dense breast with a subpectoral 
silicone augmentation prosthesis. Dense collections
anterior and smaller dense foci superior to the
implant represent extracapsular silicone from prior
implant rupture. (B) Craniocaudal view from the
same left digital mammogram confirms the pres-
ence of extracapsular silicone.A B



encapsulation of breast implants was seen in 257 (73%) of
350 women. Periprosthetic calcification was seen in 90
(26%) women, and 60 (17%) women had implant hernia-
tions, a focal bulge or contour deformity that may be due
to focal weakening of a still-intact capsule. In a study by
Berg and colleagues,3 a contour bulge at mammography
was associated with a higher likelihood of implant rupture.
For women known to have a double lumen implant (sili-
cone within saline), nonvisualization of the outer lucent
saline lumen at mammography is suggestive of outer
lumen rupture.6

These studies indicate that some extracapsular ruptures
can be detected on mammograms. However, because the
dense silicone can obscure much of the breast tissue at
mammography and because mammography does not 
show the internal structure of the silicone implant, film-
screen mammography cannot detect intracapsular silicone
implant rupture. Postprocessing of digital mammograms
can demonstrate additional detail within the implant,
though its accuracy in depicting rupture has not been
reported. Ruptured saline implants can be seen as an 
incidental finding at mammography (Figure 15.2).

3.2. Sonography

Unlike mammography, sonography is capable of delineat-
ing some of the internal structure of the implant, particu-
larly in its anterior aspect, and therefore can depict both

extracapsular and intracapsular ruptures. Extracapsular
silicone can result in a mass characterized by a highly
echogenic pattern of scattered and reverberating echoes
with loss of detail posterior to the echogenic area, which
has been variably described as snowstorm, echodense
noise, echodense shadowing, or echogenic confusion25

(Figure 15.3).26 This finding is sensitive in diagnosing 
extracapsular rupture: Harris and colleagues25 found that
the snowstorm sonographic appearance was present in 19
(95%) of 20 surgically confirmed sites of extracapsular
rupture, as compared with mammography, which only
depicted 14 (70%).

Free (extracapsular) silicone may also have a hypo-
echoic appearance in the breast parenchyma. In a study of
19 ruptured implants evaluated with sonography, Rosculet
and colleagues26 found the snowstorm pattern and hypo-
echoic masses of silicone in 10 (53%), the snowstorm
pattern alone in 7 (37%), and hypoechoic masses of sili-
cone only in 2 (11%). These authors suggested that the
snowstorm pattern is caused by phase aberration related
to the speed of sound being slower in silicone than in soft
tissue. The hypoechoic pattern of silicone may occur when
the beam encounters a mass of silicone that is large com-
pared with the wavelength.26

The implant shell is visible sonographically as a set of
parallel echogenic lines. When intracapsular rupture has
occurred with substantial collapse of the elastomer shell,
sonography may demonstrate the collapsed shell as a
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Figure 15.2. Ruptured saline implants imaged by
mammography. A 62-year-old woman with bilateral
retroglandular saline implants placed 25 years ago,
who felt that her left implant deflated during chiro-
practic manipulation 2 weeks prior to mammogra-
phy. (A) Mediolateral oblique view of the left breast
from digital mammogram shows the deflated left ret-
roglandular saline implant. (B) Mediolateral oblique
view of the right breast from digital mammogram
shows that the right retroglandular saline implant
remains intact.
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series of sets of discontinuous parallel echogenic lines,
termed the stepladder sign (Figure 15.4), seen in 32% to
70% of ruptured implants.27,28 The collapsed shell can only
be well seen sonographically when it collects anteriorly.
The deeper aspect of the implant is not well evaluated due
to the slower speed of sound within the gel. Normal infold-
ings of the implant shell, called radial folds, may cause con-
fusion in assessment of the stepladder sign, particularly in
double lumen implants and those with textured coatings.
Central internal echoes in the implant have been reported
in 41% to 55% of ruptured implants, but may also be seen
in normal implants related to reverberation artifact or
mixing of gel with fluid injected into the implant at the time
of insertion.1,28

Venta and colleagues29 evaluated 236 implants with
sonography; surgical confirmation was available in 78, of
which 22 (28%) were ruptured.Whether the ruptures were
intracapsular or extracapsular was not stated. These inves-
tigators found the snowstorm pattern, multiple discon-
tinuous parallel linear echoes, and echodense aggregates 
in the implant lumen to be statistically associated with
rupture. They found that sonography had a sensitivity of
50% and a specificity of 55%.

Although intracapsular rupture may be seen on sonog-
raphy, the sonographic diagnosis of intracapsular rupture
is not reliable. Among ruptured implants examined sono-
graphically, 41% to 55% appear normal.1,28 Uncollapsed

rupture with minimal separation of the elastomer shell
from the fibrous capsule may not be detected by sonogra-
phy. Furthermore, the interpretation of breast sonography
for the purpose of detecting implant rupture has a learn-
ing curve.29

3.3. Magnetic Resonance Imaging

3.3.1. Magnetic Resonance Imaging Technique

Magnetic resonance imaging has high sensitivity in the
diagnosis of intracapsular and extracapsular silicone
implant rupture.3,6,30–34 Magnetic resonance imaging in
women with silicone implants is best performed using a
dedicated breast coil, with high-resolution techniques.35

Respiratory motion artifact is minimized by imaging in the
prone position, and by phase-encoding in the superoinfe-
rior rather than anteroposterior direction.

A variety of sequences have been used in MRI to eval-
uate silicone gel implant integrity (Table 15.1). High-
resolution fast spin echo (FSE) T2-weighted imaging
[retention time (TR) 5,700; echo time (TE) 120; slice thick-
ness 3–4mm; field of view (FOV) 18cm; 2 number of exci-
tations (NEX)] has been described as fast and accurate in
detecting implant rupture, with sensitivities of 95% to
98%.6,34 Uncollapsed rupture can be subtle even on MRI,
with only 50% of leaking implants identified prospectively

Figure 15.3. Extracapsular silicone imaged by mammography
and sonography in a patient who had rupture of her original 
silicone implants, which had been in place for 13 years, with 
extracapsular spread of silicone gel that could not be completely
removed at surgery. New silicone implants were placed and are
presumed intact. (A) Collimated mediolateral oblique views

from film-screen mammogram of left and right breast shows
dense foci of extracapsular silicone superior to the left breast
implant, consistent with extracapsular silicone. (B) Ultrasound
demonstrates the snowstorm pattern of echodense noise consis-
tent with extracapsular silicone.
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on MRI in one series.34 Some special sequences designed
to make the silicone look bright (such as three-point Dixon
method or silicone-selective techniques) have diminished
spatial resolution, but have also been used in the evalua-
tion of breast implants.31,36,37

We suggest that MRI to evaluate for implant rupture
should include a localizing sequence and at least three
additional sequences (Table 15.2). The high-resolution T2-
weighted axial and sagittal sequences, in which the silicone
looks bright (isointense to fat) and water looks brighter,
provide excellent evaluation of the internal structure of
the implant; each of these sequences can be performed in
approximately 3 to 4 minutes per breast. The axial inver-
sion recovery (IR) sequence with water saturation is a 

“silicone only” sequence in which silicone is bright but fat
and water are dark. The IR images provide excellent eval-
uation for extracapsular silicone, and can be performed in
approximately 5 minutes per breast. Hence with this tech-
nique, both breasts can be imaged in a total of 25 to 30
minutes at 1.5 Tesla (T).

3.3.2. Magnetic Resonance Imaging of the 
Normal Implant

On T2-weighted fast-spin echo images, the normal single
lumen silicone implant shows high signal internally and is
surrounded by a hypointense line that represents the elas-
tomer shell and surrounding fibrous capsule.8 Radial folds,

Figure 15.4. Intracapsular rupture on ultrasound and MRI. This
polyurethane-covered silicone implant had been placed 5 years earlier.
(A) Ultrasound demonstrates multiple layers of collapsed shell anteriorly
(the stepladder sign). (B) Axial fast spin echo (FSE) T2-weighted MRI
(TR 5700, TE 126, 5mm slice thickness, 18cm FOV, 2 NEX, 256 ¥ 256
matrix) demonstrates collapsed shell anteriorly (linguine sign). (C) Axial
inversion recovery MRI (TR 5700, TE 43, TI 160, 5mm slice thickness,
18cm FOV, 2 NEX, 256 ¥ 128 matrix) also shows the linguine sign of intra-
capsular rupture. Compared to the FSE T2-weighted image shown in B,
this inversion recovery image has lower resolution for the implant’s inter-
nal structure.
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or invaginations of the implant shell, are evident as curvi-
linear hypointense lines within the implant; paging through
sequential slices should demonstrate that these folds are
contiguous with the hypointense line surrounding the
implant, indicating the connection of these folds to the
outer shell (Figure 15.5). Fluid droplets may be seen within
the silicone of a single lumen implant, due to injection of
saline, betadine, antibiotics, or steroids.8 A single lumen sil-
icone implant with surrounding reactive fluid can resem-
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Table 15.1. MRI Sequences and Resulting Signal Intensities of
Silicone, Fat, and Water

Signal Intensity

Pulse Sequence Silicone Fat Water

Sagittal T2-weighted FSE Medium Medium High
(TR 4,000/TE 170)

Axial T2-weighted FSE with water Higha Medium Low
suppression (TR 5,000/TE 300)

Axial T1-weighted SE with silicone Very low Low Medium
suppression (TR 600/TE 15)b

Axial IR with water suppression High Low Low
(TR 5700/TE 30/TI 160)

Source: Adapted from Gorczyca et al.30 with permission.
Abbreviations: FSE, fast spin echo; IR, inversion recovery; SE, spin echo;
TE, echo time (msec); TI, inversion time (msec); TR, repetition time
(msec). TR, TE, and TI at 1.5 T.
a Longer echo times, up to 300msec, will result in higher signal of silicone
relative to fat, as in Figure 15.8(A).
b In manual prescan mode, the silicone peak can be observed 96Hz
upfield from fat (at 1.5 T). To achieve silicone suppression, the 100Hz
“fat” saturation pulse is applied 150Hz upfield of the fat peak to avoid
overlap with the fat peak and inadvertent suppression of the fat signal.

Table 15.2. Sample Protocol to Evaluate Silicone Implants for Possible Rupture

Axial
Sequence 3-Plane Sagittal Axial IR with Water
Name Localizer T2 T2 Suppression

Sequence 2D FSPGR 2D FSE 2D FSE IR
TE (msec) 1.4 120 120 34
TR (msec) 113 5000 5000 5000
TI (msec) — — — 160
Flip angle (degrees) 30 90 90 90
Bandwidth (kHz) 32 16 16 15
Field of view (cm) 48 16–22 16–22 16–22
Slice thickness (mm) 10 4 4 4
Gap (mm) 2.5 1 1 1
Phase encoding steps 128 256 256 192
Frequency steps 256 256 256 256
NEX 1 2 2 2
Frequency direction Variable Anterior/post Right/left Right/left

erior

Abbreviations: FSE, fast spin echo; FSPRG, fast spoiled gradient echo; IR, inversion recovery;
NEX, number of excitations; TE, echo time; TI, inversion time; TR, repetition time.

Figure 15.5. Magnetic resonance imaging of radial folds. Sagit-
tal T2-weighted image (TR 4000, TE 102.64, slice thickness 3mm,
FOV 24cm) from MRI in this 61-year-old woman with subpec-
toral silicone implants demonstrates radial folds, evident as
hypointense lines contiguous with the hypointense line sur-
rounding the implant, indicating their connection to the outer
shell.

ble an intact double lumen implant in which the inner
lumen is silicone and the outer lumen is saline.8 Intracap-
sular fluid tends to be seen more often with textured
surface implants, including saline implants.15
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Figure 15.6. Leakage/minimally collapsed rupture imaged by MRI in a woman
with silicone implants placed 10 years previously. (A) Sagittal fast spin echo T2-
weighted MRI (TR 5700, TE 199, 4mm slice thickness) shows the noose sign
(arrows). (B) Axial FSE T2-weighted MRI (TR 5700, TE 119, 4mm slice thick-
ness) shows the subcapsular line (curved arrows) and noose (straight arrow) signs.
(C) Intraoperative photograph demonstrates the sticky contour of the leaking
implant. No gross violation of the implant shell was found at surgery. (From Brown
et al.,1 with permission.)

3.3.3. Magnetic Resonance Imaging Signs of
Implant Rupture

Several signs may suggest implant rupture on MRI. In the
earliest stages of gel leakage, tiny amounts of gel may be
seen outside the implant, trapped within folds of the shell.
This can create the inverted teardrop, keyhole, or noose sign
of uncollapsed rupture38 (Figure 15.6).8 With further
leakage, a thin layer of gel may be interposed between the
shell and the fibrous capsule, evident as the subcapsular

line sign of minimally collapsed rupture39 (Figure 15.6).
With increasing violation of implant integrity but with the
capsule intact, the shell collapses and folds on itself, gen-
erating the appearance of stacked hypointense lines within
the bright silicone, which has been termed the linguine sign
of intracapsular rupture30 (Figure 15.7).

Gross extracapsular rupture is evident as free silicone,
separate from the implant, which has extended beyond 
the implant capsule into the breast or axilla, and may be
best seen with silicone-only sequences [such as water-
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Figure 15.7. Magnetic resonance imaging of intracapsular rupture. Axial
T2-weighted image with water saturation (TR 4000,TE 117, slice thickness
4mm, FOV 20cm) from MRI in a 60-year-old woman with a history of
right mastectomy and reconstruction shows a subpectoral double lumen
implant with multiple curvilinear hypointense lines, the linguine sign of
intracapsular rupture.

Figure 15.8. Magnetic resonance imaging of intracapsular and
extracapsular rupture. (A) Axial water-suppressed fast spin echo
T2-weighted MRI (TR 5200, TE 304, 4mm slice thickness, FOV
20cm) demonstrates collapsed shell and extensive extracapsular
silicone. (B) Axial, silicone suppressed T1-weighted MRI (TR
950, TE 11, 4mm slice thickness, FOV 20cm) also demonstrates

the extracapsular silicone. Silicone appears dark on silicone-
suppressed images, as does fibrosis. Note that the internal struc-
ture of the implant, with its collapsed shell, is better evaluated on
the water-suppressed fast spin echo T2-weighted image (A) than
on this silicone-suppressed image.

suppressed inversion recovery images with inversion time
(TI) = 150–180]40 (Figures 15.8 through 15.10). In a study
of implants imaged by MRI and sonography before
removal, Berg and colleagues6 quantified the performance
of specific MRI and sonographic criteria for implant
rupture (Table 15.3).

Although the MRI signs of implant failure have been
defined and illustrated in the literature, their differential
diagnosis can be challenging. Normal radial folds, infold-

ings of the elastomer shell, may be mistaken for the 
linguine sign of intracapsular rupture. The distinction
between radial folds and collapsed implant shell can be
facilitated by imaging multiple planes and following the
course of the hypointense lines in question. Radial folds
always connect to the periphery of the implant, while 
linguine does not. Complex radial folds may present 
diagnostic dilemmas (Figure 15.11) and are a source of 
disagreement in MRI interpretation.39,41
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Figure 15.9. Magnetic resonance imaging of intracapsular and
extracapsular rupture: comparing different sequences. (A) Sagit-
tal, fast spin echo T2-weighted MRI with water saturation (TR
4500, TE 224) shows a subpectoral silicone implant with a radial
fold posteriorly. Subtle discontinuities of the capsule are present
anteriorly and superiorly (arrows), with silicone extending
beyond the capsule at these sites, consistent with extracapsular
rupture. (B) Axial, fast spin echo T2-weighted MRI with water
saturation (TR 4250, TE 224) shows multiple hypointense lines
within the implant, consistent with the “linguine” sign of intra-
capsular rupture. Subtle hyperintensity is seen anteriorly, repre-
senting extracapsular spread of silicone. (C) Axial, fast spin echo

inversion recovery MRI with water saturation (TR 5650, TE 156,
TI 180) gives an image in which only the silicone is bright. Com-
pared to the FSE T2-weighted image in B, this lower resolution
inversion recovery image provides somewhat less optimal depic-
tion of the internal structure of the implant (with the collapsed
shell), but better delineation of the extracapsular silicone ante-
rior to the implant. (D) Axial, T2-weighted MRI with silicone 
saturation (TR 5216, TE 156) shows the hypointense silicone
implant and extracapsular silicone. Compared to the sequences
illustrated in A through C, this sequence is probably the least
helpful in assessing for either intracapsular or extracapsular
rupture.
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Figure 15.10. Magnetic resonance imaging of intracapsular and
extracapsular rupture: comparing fast spin echo T2-weighted 
and inversion recovery images. (A) Sagittal, fast spin echo T2-
weighted image (TR 4000, TE 105, FOV 18cm) shows a retro-
glandular silicone implant, which is approximately isointense to
surrounding fat. Note the “noose” sign of intracapsular leakage
at the anteroinferior aspect of the implant. (B) Sagittal inversion
recovery image (TR 6048, TE 10.5, TI 150) from the same patient

shown in A. The noose sign of intracapsular leakage is again -
identified. In addition, subtle hyperintensity is noted outside the
capsule superiorly and posteriorly, consistent with extracapsular
rupture. The extracapsular rupture is better depicted on this
sequence (in which the fat is dark) than on the fast spin echo T2
sequence (in which the fat is bright). Extracapsular rupture was
found at surgery.

Table 15.3. MRI and Ultrasound Criteria for Rupture Versus
Surgical Findings

Rupturea Leakagea Intacta

(n = 40) (n = 28) (n = 54)
Criteria [No. (%)] [No. (%)] [No. (%)]

MRI
Linguine 29 (72) 4 (14) 2 (4)
Noose 10 (25) 10 (36) 3 (6)
Intact 1 (2) 14 (50) 49 (91)
Extracapsular spread 2 (5) 1 (4) 0 (0)
Fluid in the gel 15 (38) 4 (14) 9 (17)

Ultrasound
Stepladder 17 (42) 4 (14) 1 (2)
Moderate low-level 9 (22) 3 (11) 9 (17)

echoes
Stepladder + moderate 12 (30) 1 (4) 1 (2)

low-level echoes
Minimal low-level 9 (22) 8 (28) 11 (20)

echoes
Intact 4 (10) 9 (32) 30 (56)
Snowstorm 4 (10) 3 (11) 2 (4)

Source: Adapted from Berg et al.6 with permission.
a At surgery, implants were considered ruptured if there was obvious
disruption of the implant shell; leaking if the implant appeared sticky
but grossly intact; and intact if there was no evidence of rupture or leak.

Figure 15.11. Magnetic resonance imaging of complex radial
fold.Axial,T2-weighted MRI (TR 5700,TE 102, 4mm slice thick-
ness) shows a complex hypointense curvilinear line that was
falsely interpreted as the noose sign of leakage. The implant was
intact at explantation.

A B



When there is failure of both lumens of double lumen
or expander implants, the shell will be visualized in varying
degrees of collapse (Figure 15.12). Provided the saline
lumen was intact at the time of rupture, there will be fluid
mixing with the gel. Isolated failure of the shell separating
lumens will result in fluid mixing with the gel in what has
been termed the salad oil sign (Figure 15.13), which mimics
a single lumen implant that has been injected with saline,
betadine, steroids, or antibiotics; there is no known clinical
significance to this finding. For standard double lumen
implants, isolated outer saline lumen failure mimics an
intact silicone implant; this too has no known clinical 
significance.

3.3.4. Magnetic Resonace Imaging: Results of 
Prior Studies

In pioneering work, Gorczyca and colleagues30 evaluated
pulse sequences and patient positioning for MRI of 
silicone breast implants. They evaluated 143 patients with
281 silicone implants using a combination of T2-weighted
fast spin echo method, T2-weighted fast spin echo with
water suppression, and T1-weighted spin echo with silicone
suppression (see Table 15.1). Seventy patients had 140
implants removed; among these 140 implants, surgery
showed intracapsular rupture in 19 (14%), extracapsular
rupture in 2 (1%), and no rupture in 119 (85%). These
authors found that MRI had a sensitivity of 76% and a
specificity of 97% in detecting silicone implant rupture and

found that prone positioning improved image quality.30

The relatively low sensitivity in this early study probably
reflects the learning curve.

In a later study, Gorczyca and colleagues31 compared
two different techniques for MRI of breast implants: three-
point Dixon and fast spin echo imaging. Eighty-two symp-
tomatic women with silicone implants were examined with
both techniques, and 41 had subsequent surgery to remove
their implants. Four radiologists reviewed MRI studies
from the patients who had surgery and graded the likeli-
hood of rupture on a scale of 1 to 5. Of 81 implants
removed, 18 (22%) were ruptured, intracapsular in 16
(20%) and extracapsular in 2 (2%). Ruptures were better
identified on the fast spin echo sequence as compared with
the three-point Dixon sequence, with areas under the
receiver-operator-characteristic (ROC) curve of 0.95 and
0.84, respectively. The sensitivity for detecting silicone
implant rupture was 89% for fast spin echo versus 61% for
three-point Dixon, although this difference did not achieve
statistical significance.

Monticciolo and colleagues37 evaluated the use of a 
silicone-selective pulse sequence in detecting implant
rupture on MRI, using a 24-cm diameter circular surface
coil used for lumbar, shoulder, and cardiac imaging.
Twenty-eight patients with 38 implants had silicone selec-
tive MRI and surgical removal of the studied implant. All
but four also had mammography. Silicone selective MRI,
interpreted by two radiologists (individually and then by
consensus), showed an intact implant in 21 cases, of which
20 (95%) were intact at surgery. Silicone selective MRI
showed leakage in 17 implants, all of which showed
leakage at surgery. The sensitivity for detection of leakage
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Figure 15.12. Magnetic resonance imaging of double lumen
implant, minimally collapsed rupture. This axial T2-weighted
MRI (TR 5700, TE 126, 4mm slice thickness) demonstrates the
noose sign and fluid within the gel.

Figure 15.13. Salad oil sign of failed inner lumen only of double
lumen implant. This axial MRI (fast spin echo T2-weighted
sequence, TR 5900, TE 196, 4mm slice thickness, FOV 18cm)
shows hyperintense fluid admixed with the silicone gel.



was 94% and the specificity was 100%. In 30 of 34 (88%)
cases in which both mammography and MRI were per-
formed, the findings of both studies were in agreement. In
the four cases of disagreement, surgical findings agreed
with MRI in three and with mammography in one. These
authors concluded that the silicone selective sequence was
useful for detecting leakage from silicone breast implants.

Brown and colleagues42 evaluated the prevalence of
rupture of silicone gel implants at MRI in a population 
of unreferred women in Birmingham, Alabama, without
regard to the presence or absence of symptoms. A total of
344 women with 687 silicone gel breast implants had MRI.
Surgical correlation of implant status is not provided in this
study. Rupture was reported by at least two of the three
radiologists for 387 (55%) of the 687 implants. Another 50
(7%) implants were rated as indeterminate or suspicious
for rupture. Of 344 women in the study, 265 (77%) women
had at least one implant considered indeterminate or sus-
picious for rupture. Radiologists found silicone gel outside
the fibrous capsule in 85 of 687 (12%) implants, or in 73 of
344 (21%) women. Rupture was reported more frequently
in older implants: The median age of implants reported to
be ruptured was 10.8 years [95% confidence interval (CI),
8.4–13.9y]. Rupture was more common with subpectoral
placement, reported in 270 of 408 (66%) subpectoral
implants versus 108 of 279 (39%) subglandular implants.

There is interobserver variability in the MRI diagnosis
of extracapsular rupture. In a study by Berg and col-
leagues,40 three experienced observers reviewed MRI
studies from the same population of unreferred women 
in Birmingham, Alabama,42 a group of 359 women with
current (n = 320), prior (n = 15), or both current and prior
(n = 24) silicone gel implants. Axial fast spin echo T2-
weighted images with water suppression, axial inversion-
recovery T2-weighted images with water suppression, and
axial T2-weighted images with silicone suppression were
obtained on a 1.5T magnet with a dedicated phased array
breast coil. Surgical correlation of implant status was not
available.

In that study, as stated previously, rupture was identified
in 265 (77%) women with current silicone implants and in
378 (55%) of 687 implants. Observers agreed in describing
extracapsular silicone in 85 (12%) of 687 breasts with
current silicone gel implants, of which 81 (95%) showed
definite MRI evidence of rupture. One observer reported
extracapsular silicone in another 79 breasts. Sources of dis-
agreement included distinction of fibrous capsule bulge
from herniation through the capsule (42% of disagree-
ments); poor conspicuity of extracapsular silicone on fast
spin echo T2-weighted images with some observer failure
to review inversion recovery images (25% of disagree-
ments); subtle findings (22% of disagreements); and 
technical issues such as ghosting artifacts and failed 
water suppression of pleural effusion or cysts (11% of 
disagreements).40

A different approach to the evaluation of women with
breast implants involves the use of spectroscopy. Pfleiderer
and colleagues43 described spectroscopic evaluation of the
liver in 55 women, including 39 with silicone gel implants,
7 women whose implants had been removed, and 9 control
subjects without silicone implants. Twenty of 39 (51%)
women with implants had ruptured prostheses, as deter-
mined by MRI. These investigators found resonances 
associated with the presence of silicone and partially
hydrolyzed silicone in the liver in 27 (69%) women with
ruptured implants.The relative signal intensities of silicone
species in the liver varied and did not correlate with the
status of the implants (P > 0.7). Silicone resonances were
not detected in the livers of nine control subjects. These
data suggest the proton MRI spectra in the liver of women
with silicone implants does not correlate with implant
status as determined by MRI, but may help measure sys-
temic silicone exposure.

3.4. Implant Rupture: Comparing 
Imaging Methods

In an animal study, Gorczyca and colleagues32 at UCLA
placed 40 single-lumen silicone implants into 20 rabbits.
Each rabbit received one intact and one ruptured implant
and was examined with mammography, MRI, ultrasound,
and computed tomography (CT). Magnetic resonance
imaging was performed with a 1.5T magnet (Signa, GE
Medical Systems, Milwaukee, WI) with a knee coil to
image both implants simultaneously. Protocol included
axial T1-weighted scout view with Fourier-acquired
steady-state technique and gradient recalled acquisition 
in the steady state (FAST GRASS, GE Medical Systems)
(repetition time msec/echo time msec = 9/3) and a flip
angle of 30 degrees. A coronal T2-weighted fast spin echo
(FSE) sequence (4,000/170; matrix, 256 ¥ 256; two signals
averaged; section thickness, 5mm) and axial T2-weighted
FSE (4,000/170) sequence with water suppression (matrix,
256 ¥ 256; two signals averaged; section thickness, 5mm)
were used. Five radiologists reviewed all images, and
receiver operating characteristic (ROC) analysis was per-
formed. Magnetic resonance imaging and CT were the
most accurate modalities in detecting implant ruptures,
with areas under the ROC curves of .95 and .91. Mam-
mography and ultrasound were significantly (P < 0.05)
inferior, with areas under the ROC curves of .77 for each.

Several studies have compared different imaging modal-
ities in the detection of silicone implant rupture in women
(Table 15.4).1,6,33,34,44,45 In these studies of imaging evalua-
tion for implant rupture, mammography had a sensitivity
of 11% to 69% and specificity of 82% to 98%; sonography
had a sensitivity of 47% to 70% for single lumen implants
(as low as 20% for double lumen implants) and specificity
of 20% to 92% (with lowest values for double lumen
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Table 15.4. Studies Comparing Imaging Methods in Detecting Implant Rupture

Mammography Sonography MRI

Sens Spec Sens Spec Sens Spec
Study/Year N (%) (%) N (%) (%) N (%) (%)

Ahn/199433a 51 11 89 57 70 92 55 81 92
Everson/199434b 63 23 98 61 59 79 59 95 93
Reynolds/199444c 24 69 82 24 54 64 24 69 55
Weizer/199545d NA NA NA 143 47 83 160 46 88
Berg/19956e

Single lumen NA NA NA 122 65 57 122 98 91
Double lumen NA NA NA 22 20 20 22 80 90

Source: Adapted from Brown et al.1 with permission.
Abbreviations: N, number of implants; NA, not applicable. Sens, sensitivity; Spec, specificity.
a MRI technique: body coil, T1- and T2-weighted imaging with fat suppression.
b MRI technique: breast coil, T1- and T2-weighted imaging with fat suppression.
c MRI technique: shoulder and breast coils, T1-weighted imaging.
d MRI technique: body coil compared to breast coil.
e MRI technique: breast coil/general purpose coils, some T1 weighting with silicone suppression.

Table 15.5. Cancers in Augmented Breasts: Published Experience

No.
HistologyNo. No. Seen by Palpable Node+

Study/Year Cancers Mammography (%) Invasive (%) DCIS (%) LCIS (%) (%)

Leibman/ 11 9 (82)a 6 (55) 8 (73) 2 (18) 1 (9) 4 (36)
199055

Grace/199056 6 5 (83)b 5 (83) 5 (83) 1 (17) 0 (0) 3 (50)
Silverstein/ 42 27 (64)c 40 (95) 38 (90) 3 (7) 1 (2) 19 (45)

199249

Carlson/199357 37 17/31 (55)d 35 (95) 34 (92) 3 (8) 0 (0) 16 (43)
Birdsell/199353 41 NSb 34/36 (94)e 34 (83) 7 (17) 0 (0) 16 (39)
Clark/199358 33 23 (70)f 23 (70) 29 (88) 4 (12) 0 (0) 6 (18)
Fajardo/199559 18 6 (33)g 16 (89) 16 (89) 2 (2) 0 (0) 7 (39)
Cahan/199560 23 NSh 19 (83) 19 (83) 4 (17) 0 (0) 7 (30)

Abbreviations: DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in situ; NS, not stated.
a Implant displaced views were performed in 2/11 (18%) cases.
b The number of cases in which implant displaced views were performed was not stated.
c Implant displaced views were performed in 7/42 (17%) cases. Among these seven cases, the cancer was identified by both implant displaced and
standard views in five, by neither in five, and only by standard views in one.
d Mammography was performed in 31 cases using standard views only (xeromammography in 27 and film-screen mammography in four).
e Among 41 cases, the cancer was identified by routine mammography in 2, by physical examination by the physician in 4, and by the patient in 30.
In five cases, there was no information available regarding the method of detection.
f Patients were accrued from 1982 to 1991; implant displaced views were used after 1988.
g Implant displaced views were used in 12/18 (67%) cases. Among these 12 cases, the cancer was identified on implant displaced views only in 3 and
on both standard and implant displaced views in 1; in 2 patients, the cancer was identified only on tangential views to the palpable findings. Among
the six patients who had standard views only, none of the cancers were seen by mammography.
h Four (17%) of 23 cancers presented as nonpalpable calcifications detected only by mammography.

implants); MRI had a sensitivity of 46% to 98% and speci-
ficity of 55% to 92% (Table 15.5). The reported time to
perform MRI examination to rule out implant rupture
ranged from 45 minutes34 to 2 hours.44

Although the studies show varying outcomes, several
conclusions can be drawn. First, interpretation of breast

MRI studies for the evaluation of implant rupture can be
complex and has a learning curve. Second, better results
may be obtained with a dedicated breast coil rather than
a body coil. Third, because most ruptures are intracapsu-
lar, attention should be paid to the specific criteria for
intracapsular rupture including the linguine sign, as well as



the signs of uncollapsed rupture such as the subcapsular
line sign and noose/keyhole/inverted teardrop appearance
of gel outside the shell. Identification of these subtle signs
of rupture requires evaluation of multiple images obtained
in sagittal and axial planes. Fourth, the use of silicone-only
sequences improves the visibility of extracapsular silicone.
Finally, the comparative studies taken together suggest
that MRI, although more expensive than the other imaging
modalities, has higher sensitivity than mammography or
sonography in depicting implant rupture (see Table 15.4).

4. Breast Cancer Detection in 
Women with Implants

Mammography is the primary imaging technique for
detecting breast cancer in all women, including women
with breast implants. For women with breast implants, as
stated, the mammographic examination generally consists
of four views of each breast: conventional craniocaudal
and mediolateral oblique views, as well as additional
Eklund (implant displaced or push-back) craniocaudal and
mediolateral oblique views.22,23 This doubles the radiation
dose, and Monsees and Destouet46 showed that average
compression achieved in women with implants was only
7cm compared with 4.5cm in women without implants.
Reduced compression increases scatter and radiation dose
and decreases fine detail.

Data from phantom studies suggest that implants may
impede lesion detection at mammography. Gumucio and
colleagues47 used “artifacts” of specks, fibers, and densities
placed in the American College of Radiology (ACR)
mammography phantom to simulate calcifications and
masses. These authors found that placing the implant shell
alone over the phantom minimally altered resolution.
However, silicone shells filled with silicone gel, silicone gel
and saline, saline alone, polyurethane-covered silicone gel,
and gelatin completely obscured all artifacts.47

In vivo studies have shown that even with Eklund 
views, implants obscure some breast tissue. Investigators
have found a decrease in the amount of measurable
parenchyma on mammograms obtained after as compared
with before augmentation, particularly for implants that
are placed in front of the muscle. For subglandular
implants, studies have shown a decrease in measurable
parenchyma of 43% to 49% on standard views and 37%
to 39% on Eklund views; for submuscular implants, studies
have shown a decrease in measurable parenchyma of 
26% to 28% on standard views and 9% to 15% on Eklund
views.48,49 When moderate-to-severe capsular contracture
was present, the average decrease in measurable
parenchyma was 50%, as compared with 30% in women
without contracture.50

Breast implants have not been shown to increase the risk
of developing breast cancer. Berkel and colleagues51

studied a cohort of 11,676 women with breast implants.
This cohort was compared with the cohort of all 13,557
women in Alberta in whom a first primary breast cancer
was diagnosed. These authors found that 41 patients with
implants subsequently had breast cancer, as compared with
an expected number of 86.2. The standardized incidence
ratio was 47.6%, significantly lower than expected (P <
0.01). A re-analysis of data from that study found that
breast implants did not significantly increase or decrease
the risk of breast cancer, regardless of whether an in-
duction period of 0, 5, or 10 years was used for analysis.52

Birdsell and colleagues53 found no significant difference in
the likelihood of positive lymph nodes, distant metastases,
or survival in 41 women with breast cancer who had
implants as compared with all other patients with breast
cancer. In a retrospective cohort study of 3112 women with
breast implants in Los Angeles, Deapen and Brody54 found
that the observed number of cases of breast cancer and of
all other cancers combined did not differ significantly from
expected numbers based on Los Angeles County Cancer
Registry incidence data. These studies have limitations,
including lack of subgroup analysis on the basis of risk
factors such as family history.12

Several studies have specifically examined features of
breast cancers detected in women with implants (Table
15.5).49,53,55–60 In eight studies that included a total of 211
cancers in augmented breasts, the cancer was identified on
the mammogram in 62% (range, 33%–83%) and was pal-
pable at diagnosis in 86% (range, 55%–95%). Cancer his-
tology was invasive in 89% (range, 73%–92%), and axillary
metastases were present in 37% (range, 18%–50%; Table
15.5). Published studies suggest that there may be a higher
false-negative rate for mammography in detecting breast
cancer in women with implants as compared with women
without implants, and indicate that most cancers in 
women with augmented breasts were palpable at 
diagnosis. Implant displaced views were not routinely per-
formed in the studies to date, and these results likely
underestimate the sensitivity of mammography in women
with implants. Importantly, the stage distribution of
cancers in women with implants is similar to screened pop-
ulations. In limited series evaluating breast cancer survival,
no significant difference has been shown between women
with and without implants.52

Contrast-enhanced MRI may be helpful in depicting
breast cancer in women with breast implants61 (Figure
15.14). The use of intravenous gadolinium may enable
MRI visualization of a cancer that is obscured by the
implant on the mammogram. Furthermore, the ability to
image the posterior tissues of MRI is also helpful. In situ-
ations in which abnormality is suspected but not confirmed
by mammography, MRI may be useful in problem solving.
Furthermore, in women with implants who have proven
breast cancer, MRI may be helpful in preoperative assess-
ment of extent of disease.
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Figure 15.14. Magnetic resonance imaging of cancer in 59-year-
old woman with breast implants who had a history of left lumpec-
tomy and axillary dissection 5 years previously for invasive
lobular carcinoma. (A) Mediolateral oblique view from digital
mammogram shows that the left breast is moderately dense with
a retroglandular saline implant. No suspicious findings are seen.
(B) Sagittal, contrast-enhanced, fat-suppressed T1-weighted
image from MRI of the left breast (TR 17, TE 2.276, slice thick-

ness 3mm, FOV 20cm) shows extensive suspicious enhancement
in the left breast upper outer quadrant, superolateral to the
implant. (C) Correlative ultrasound performed after MRI shows
an irregular, indistinct mass in the left breast upper outer quad-
rant. (D) Image from ultrasound-guided core biopsy shows the
needle traversing the lesion. Histologic analysis yielded poorly
differentiated invasive cancer. Multifocal invasive lobular carci-
noma was found at mastectomy.

When planning the protocol for MRI in a woman with
breast implants, knowledge of the clinical question is
essential. If the MRI is being performed to assess silicone
implant integrity, the appropriate examination is a non-

contrast study, with use of axial and sagittal images and
specific sequences described previously to evaluate the
internal structure of the implant and to assess for
extravasated silicone. If the MRI is being performed for
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cancer detection, the appropriate examination is a study
optimized for parenchymal breast MRI as discussed in
previous chapters, with precontrast and postcontrast
images, ideally using fat suppression and subtraction. If the
clinician desires both assessment of implant integrity and
evaluation for possible cancer (e.g., a vague palpable
finding that may or may not be related to the implant), and
mammography and sonography are not definitive, it may
be necessary to perform MRI sequences designed for
implant evaluation as well as those for parenchymal 
assessment.

If an abnormality occult to mammography is identi-
fied at contrast-enhanced MRI in a woman with breast
implants, further evaluation can be performed with sonog-
raphy to determine if the lesion is amenable to sono-
graphically guided localization or sonographically guided
biopsy. For MRI-detected lesions that are not identified at
sonography, MRI-guided localization or biopsy can be per-
formed for histologic diagnosis. During localization, place-
ment of the needle parallel to the chest wall minimizes the
likelihood of puncturing the implant. In MRI-guided
vacuum-assisted biopsy, the probe can be placed just pos-
terior to the lesion, and suction applied in the anterior
direction (away from the implant). Displacing the implant
posteriorly during MRI-guided interventions may also be
helpful.

5. Summary and Conclusions

Existing data support the utility of MRI in evaluating
women with breast implants. Noncontrast MRI, using mul-
tiple planes and employing sequences designed to evalu-
ate the internal structure of the implant and to assess 
for extracapsular silicone, is the most sensitive imaging
modality available to assess for silicone implant rupture.
Although mammography remains the standard of care for
breast cancer detection, contrast-enhanced MRI may assist
in depicting cancer in augmented breasts: the use of intra-
venous contrast and ability to image posterior tissues are
particularly valuable in women in whom mammography is
compromised by the presence of implants. Additional
analysis of the cost-effectiveness of breast MRI in assess-
ing implant integrity is necessary. Furthermore, the role of
MRI in screening asymptomatic women with breast
implants either for implant rupture or for breast cancer
remains to be determined.
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The use of breast magnetic resonance imaging (MRI) in
clinical practice is evolving. With increasing clinical expe-
rience and equipment availability, clinical applications for
breast MRI have increased. The usefulness of this tech-
nology in any individual practice depends on the comfort
of breast imagers in interpreting these studies, the avail-
ability of magnet time and MRI-compatible biopsy equip-
ment, clinical issues in the patient population, as well as
the desire of referring physicians for MRI assessment of
possible breast disease. The uses of MRI in a variety of
clinical situations listed in this chapter are suggestions 
of the possible applications of MRI. The appropriateness
of these suggested uses will vary with different practices
and as clinical experience increases.

In many practices the use of MRI to address breast
problems is limited by the lack of available technology.
Without MRI-compatible equipment for localization
and/or biopsy, more clinical issues can be raised by search-
ing for nonpalpable disease than might be answered. Just
as with mammographic and sonographic findings in breast
imaging, the radiologist should always remember that MRI
findings require histologic (or cytologic) diagnosis before
they can be clinically applied. The detection of these
lesions requires biopsy confirmation before they can be
diagnosed as malignant. Therefore, the search for non-
palpable disease that cannot be localized should be
approached with caution.

As with mammographic imaging, the comparison of pat-
terns in the two breasts is often important in differentiat-
ing normal from abnormal patterns. Most importantly,
diffuse enhancement can be due to normal parenchyma or
extensive carcinoma. Comparison with the normal breast
makes this differentiation easy; without the opposite
breast for comparison, the diagnosis cannot be made.
Because of this, facilities performing breast MRI need to
be able to image both breasts. Because this is most con-
veniently done for the patient in a single examination,
facilities should attempt to image both breasts during the
same study. The need to return a second day for imaging

the second breast should be eliminated from the scanning
protocol, if possible.

With these considerations in mind, it should be easiest
for breast imaging facilities to include MRI in situations in
which there is a known site of disease in the breast. These
situations include palpable lesions, residual disease at the
lumpectomy site, further evaluation of abnormalities seen
on other imaging studies, and response to treatment of
known breast carcinoma. Magnetic resonance imaging can
also be useful in the work up of women with a suspicious
discharge from a single duct and those with Paget’s disease
of the nipple. Other potential uses of MRI include search
for unknown primary in women with axillary nodal metas-
tases, search for multicentric disease in women contem-
plating breast conservation, and breast cancer screening.
Magnetic resonance imaging is also useful in the evalua-
tion of silicone gel implants. This chapter provides an
overview of clinical uses of breast MRI, with many of 
the specific scenarios discussed in more detail in other
chapters.

1. The Augmented Breast

Evaluation of possible ruptured silicone implant is best
done with MRI.1–4 The implant is studied without the 
injection of contrast material, and sequences are used to
image silicone separately from fat and water. Because of
the higher sensitivity and specificity of MRI versus sonog-
raphy or mammography in evaluating silicone implant
complications, questionable cases of rupture should be
confirmed with MRI before patients are sent for implant
removal. In many facilities, MRI is used as the initial
imaging technique for the work up of women with possi-
ble implant complication. The radiologist should be aware
that false-positive and false-negative results with MRI of
silicone implants do occur.4 Also, although it can be diag-
nosed with MRI, the clinical importance of intracapsular
rupture is controversial, as is the significance of silicone gel
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bleed. However, MRI is the best technology for diagnos-
ing intracapsular rupture. Additionally, MRI has the
advantage of routinely imaging behind the implant, an area
that is blind to mammography and often not seen with
sonography. In cases in which silicone is extravasated deep
to the implant, this finding may only be seen with MRI.

The evaluation of silicone implant complication can be
compromised by multilumen implants that can mimic
rupture of single-lumen implants.3 Before evaluation with
MRI, it is often useful to determine the implant type and
configuration using mammography, if this information is
unknown.

Magnetic resonance imaging can be useful in the evalu-
ation of parenchymal breast disease in augmented breasts
when the mammogram is compromised by the implant.
These studies require intravenous contrast and are per-
formed in a fashion identical to MRI of nonaugmented
breasts. The same principles apply in the interpretation of
these studies as to those in nonaugmented breasts.
Whether there is an advantage to MRI over sonography 
in the work up of possible breast carcinoma, especially
invasive carcinoma, in women with augmented breasts 
is unknown. Certainly, palpable lesions in these women are
more easily addressed with sonography.

Saline-filled implants do not require special study with
MRI. Saline is physiologic, and when saline implants
rupture, extravasated saline is absorbed by the body.

Women who have been augmented with the injection of
free silicone into the breast may have parenchymal disease
that is better imaged by MRI than mammography.
However, there is limited experience for MRI in these
women, and its role as an adjunct to mammography in this
population has not been determined.

As with other breast interventions, MRI interventional
procedures can be performed on women with breast aug-
mentation. Displacement of the implant away from the site
to be localized or biopsied may be helpful. In obtaining
consent for these procedures, the patient should be advised
of the possibility of implant rupture.

2. Lesion Characterization

Multiple authors have addressed the difficulties of lesion
characterization using MRI findings.6–15 Data suggest that
MRI is more reliable in excluding carcinoma than in
making a definitive diagnosis of malignancy. Because
breast cancers and other malignant breast tumors usually
stimulate the growth of tumor neovascularity that
enhances with MRI contrast, absence of an enhancing
lesion is highly reliable in excluding most cancers.
However, the presence of enhancement is a nonspecific
finding. It is also associated with normal breast tissue,
fibrocystic disease, hormonal stimulation, hyperplasia,
dysplasia, atypia, and inflammatory processes. Spatial and

temporal patterns of enhancement have been suggested as
being useful in differentiating enhancement due to differ-
ent etiologies. The reliability of these patterns in diagnosis
is somewhat controversial. As with other breast imaging
techniques, definitive diagnosis usually requires tissue
sampling.

The use of MRI for lesion characterization can be basi-
cally divided into two situations: lesions found with other
techniques for which MRI is used to refine diagnostic con-
siderations, and lesions initially found on MRI for which
the MRI pattern is used to limit diagnostic considerations.

2.1. Magnetic Resonance Imaging
Characterization of Mammographic and
Sonographic Lesions

In some select situations, the addition of MRI to mam-
mographic (or sonographic) imaging can add important
information. Magnetic resonance imaging is generally not
useful in differentiating benign from malignant disease at
a solitary, suspicious site found on mammography. Not only
is a definite diagnosis often not obtained, but the cost of
MRI is comparable with that of core needle biopsy, which
is often capable of making a definitive diagnosis.5

Using enhancement as a positive finding, Lee and col-
leagues6 looked at 86 mammographic lesions with MRI.
All enhancing lesions were biopsied, and 35% were malig-
nant. All nonenhancing sites were benign on biopsy or
follow up. Magnetic resonance imaging was found to be
useful in localizing lesions that were seen only on a single
mammographic view or were difficult to target during
attempted biopsy. It was also useful in assessing whether
ambiguous mammographic lesions were real and in differ-
entiating scar from recurrent tumor after breast conserva-
tion. Sonographic assessment of 47 of these lesions showed
a solid, hypoechoic mass in six. Among these six, MRI
showed enhancement in one; all six were benign on biopsy.

In using MRI time-intensity curves to try to further 
characterize mammographically discovered lesions,
Stomper and colleagues7 reported that a two-fold or
greater increase in signal intensity above the preenhanced
signal intensity of the lesion was found in all 22 invasive
cancers studied, but this had a specificity of only 65% in
this patient population.They also found that time-intensity
curves were not useful in differentiating benign from
malignant lesions. Among these women, one had a 4-cm
comedo ductal carcinoma in situ (DCIS) with microinva-
sion and another had a 6cm pure comedo DCIS, both of
which did not enhance on MRI; both of these presented
mammographically as microcalcifications. The geometric
pattern of enhancement had some correlation with his-
tology among these patients. All with well-defined lesions
on mammography and MRI that showed uniform
enhancement were benign. Poorly defined, nonuniform, or
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peripheral enhancement was usually associated with carci-
nomas. However, in this study only one third of studied
lesions were benign, limiting the experience in this study
with benign patterns.

The characterization of benign lesions has been difficult
with MRI.This may be particularly true for fibroadenomas.
In one study 20% of 19 fibroadenomas had features that
overlapped with those of invasive cancers on MRI.8 In
another study, there was no difference in the time-
intensity enhancement patterns of fibroadenomas versus
carcinomas.9 Rim enhancement, a pattern considered
highly suspicious for carcinoma, has been reported in 
fibrocystic disease, intraductal papilloma, ductal adenoma,
and benign and malignant phyllodes tumors.10 Confusing
MRI patterns that could not be differentiated from 
malignancy have also been reported with lymph nodes and
normal breast tissue, resulting in a specificity for breast
MRI comparable with that for mammography.11 Similar
experience has been reported by others.12,13

As suggested previously, the use of MRI for the deter-
mination of the significance of mammographically evident
microcalcifications is not of great value. As previously
noted, some areas of DCIS with or without microinvasion
that are clearly evident on mammography as microcalcifi-
cations may not enhance on MRI.7 In a study of MRI find-
ings in 62 women with microcalcifications, of which 38 were
associated with malignancy and 24 with benign processes,
MRI had an overall accuracy of 56%.14 Other groups of
women have also been reported to present problems in 
differentiating benign from malignant tissue at MRI.
Fibrocystic alteration, for example, may have suspicious
patterns on MRI, requiring biopsy to make the distinction
from carcinoma.14,15

In adding MRI to the work up of a woman with an
abnormal mammogram, sonogram, or physical examina-
tion, the following should be kept in mind. Magnetic reso-
nance imaging is not reliable in differentiating benign from
malignant suspicious calcifications seen on mammography.
Lack of enhancement of an area of microcalcifications that
is mammographically suspicious does not exclude carci-
noma. Magnetic resonance imaging is not accurate in dif-
ferentiating benign from malignant enhancing lesions.
Therefore, biopsy is necessary if this differentiation needs
to be made. When lesions are questionable or only evident
on one mammographic view, MRI can be useful to 
localize the lesion or determine if it is due to a possible
carcinoma. Solid, sonographic masses that do not enhance
on MRI are rarely malignant. However, there are not 
adequate data to permit these lesions to be ignored; short-
term follow up may be an alternative to biopsy for these
lesions, but further study addressing this issue is needed.
Finally, MRI is not cost effective in replacing core biopsy
for definitive analysis of mammographic or sonographic
lesions. If a definitive diagnosis of a lesion is required, MRI
should not be used to replace core biopsy.

2.2. Management of Lesions Initially
Discovered on Magnetic Resonance Imaging

Lesions are commonly found on MRI that are not evident
on other imaging studies or on physical examination.
Those who perform MRI must be prepared to determine
the clinical significance of these findings. The frequency of
the discovery of these lesions is demonstrated in data from
one study in which 12 incidental enhancing lesions were
found during the MRI assessment of 26 mammographic
lesions.6 In another study, 100 lesions found on MRI that
required biopsy were discovered on scans done for evalu-
ation of high-risk patients in 41 cases, extent of disease in
patients with synchronous cancer in 38 cases, and inciden-
tal findings on women being assessed for other breast
problems in 21 cases.16 Still another study reported the dis-
covery of suspicious lesions in the contralateral breast in
29% of 17 women being scanned to assess a known breast
carcinoma.17 Yet another study also reported incidental
enhancing lesion in 29% of 103 women.18 Based on the
experience of multiple investigators, it is reasonable to
assume that the discovery of these lesions will not be
unusual when performing breast MRI. Approaches to
MRI-detected lesions include mammographic review,
short-term follow up MRI, sonography, and biopsy.

Because of limited experience, data comparable with
that available for mammographic lesions are not available
to support algorithms including short-term follow up for
MRI-detected lesions. One can hypothesize that lesions
that are well defined, round or oval, multiple, and bilateral
may be dismissed as innocent or followed with a 6-month
follow-up MRI, but further study is needed to validate this
approach. Lesions having classic patterns of fibroadeno-
mas or lymph nodes can be dealt with in a similar fashion.
Some lesions that are solitary and unilateral warrant tissue
diagnosis. Findings of irregular shape, spiculation, or rim
enhancement in mass lesions, and findings of segmental or
clumped linear and ductal enhancement in nonmass
lesions are suspicious and may require biopsy.16,19,20 Some
would also include time-enhancement curve patterns in
defining lesions requiring biopsy, but this is less widely
accepted.

For those lesions requiring biopsy, preoperative local-
ization or imaging-guided tissue sampling frequently must
performed. Facilities with the capability to perform MRI-
guided breast intervention can perform biopsy using these
procedures, if the lesion is not evident by any other tech-
nique. Facilities without this capability should ponder how
these women will be managed before they initiate a breast
MRI program.

The ability to correlate an MRI lesion with a lesion on
mammography or sonography obviates the need for 
MRI-guided intervention. It will frequently be possible to
find these lesions with other imaging techniques. In a series
from Yale, 12 sites were found unexpectedly on MRI for
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assessment of other lesions.6 Of these 12, correlation with
the mammogram showed mass in 2 and no mammographic
correlate in 10. Of the two with mammographic correlates,
one mass was stable and consistent with fibroadenoma; the
second was a missed neodensity that was malignant on
biopsy. Sonography, performed in 8 of the 10 not mammo-
graphically evident, showed a solid mass in 1 that was
benign on biopsy. Another seven were thought to be prob-
ably benign; follow up for 6 to 21 months has shown no
change in any of these. Two lesions needed biopsy and
could not be found with sonography or mammography;
MRI-guided biopsy was required. In the Massachusetts
General Hospital series of women with contralateral
breast cancers, lesions that could not be found with mam-
mography or sonography were all identified with contrast-
enhanced computed tomography (CT) and were localized
under CT guidance.17 In our own patients, among 93
lesions that were suspicious on MRI and assessed as 
possibly identifiable on sonography, only 21 (23%) could
be identified on the MRI-directed sonogram.21 Interest-
ingly, of the 21 MRI lesions with sonographic correlates, 7
(43%) were malignant. In contrast, only 10 of 42 (14%)
MRI lesions without a sonographic correlate were malig-
nant, one third the malignancy rate of those seen 
sonographically.

When searching for the sonographic correlate of an
MRI-detected lesion, several things must be kept in mind.
First, the ability to identify a sonographic correlate for
MRI-detected lesions has varied in the literature from
23% at our institution21 to 80% to 100% in other
reports.22,23 Second, failure to identify a sonographic cor-
relate does not spare the need for biopsy.21 Third, patient
positioning is different for sonography and breast MRI.
Therefore, the quadrant in which the lesion is identified on
MRI may differ from the quadrant in which the same
lesion appears on ultrasound examination. Finally, caution
must be taken in identifying the sonographic correlate. If
a sonographic lesion is thought to correlate to the MRI
finding, but results of ultrasound-guided biopsy do not
seem sufficient to account for the MRI lesion, then biopsy
under the guidance of MRI may be prudent.

The published experience with unexpected, enhancing
foci found on breast MRI studies suggests that they can be
managed in the following fashion. Those that are probably
benign may be reassessed with short-term follow-up MRI.
Of those thought to require biopsy, an attempt should be
made to correlate them with a mammographic finding; if
this is stable or obviously benign, biopsy can be avoided.
Otherwise, stereotactic biopsy or mammographic pre-
operative wire localization can be performed. Directed
sonography may be performed to determine if the lesion
can be seen with sonography. If the lesion is sonographi-
cally evident, sonographically guided core biopsy or 
localization can be performed (Figure 16.1). Lesions
requiring biopsy that are nonpalpable and neither mam-
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mographically nor sonographically evident would be best
evaluated by biopsy (preoperative needle localization or
needle biopsy) under MRI guidance.

3. Breast Conservation: Staging Tumor
and Detecting Recurrence

The success of breast conservation is partially dependent
on removal of as much cancer as possible. The larger the
amount of cancer left in the breast after surgery, the more
likely that tumor will recur after radiation. Preoperative
staging of cancers can replace the use of multiple re-
excisions to determine extent of cancer in the breast. For
women with positive margins at the time of their original
lumpectomy, staging the extent of residual disease can be
useful in determining if residual tumor volume is too great
to permit conservation and requires mastectomy. In those
women for whom conservation is appropriate, it is useful
in guiding the surgeon in complete removal of residual 
carcinoma.

Although mammography is an excellent tool at identi-
fying breasts that contain carcinoma, it often underesti-
mates the extent of disease within the breast. For women
contemplating lumpectomy and in whom the mammogram
and physical examination indicate that tumor is small
enough for conservation to be used, further evaluation
with additional imaging can demonstrate more extensive
tumor than previously suspected. This can be helpful in
accurately planning the amount of tissue to be included in
the lumpectomy or in suggesting the need for mastectomy.

Among mammography, sonography, and MRI, MRI has
been demonstrated to be the most sensitive in determin-
ing the extent of tumor in the breast. In 104 women with
suspected breast cancer at Guttenberg University Hospi-
tal, 27 cancers were found to be multicentric or multi-
focal.24 Among these, mammography correctly diagnosed
48%; sonography with mammography correctly diagnosed
63%, and MRI with mammography correctly 
diagnosed 81%. In another study done 7 years earlier,25 61
breast cancers were evaluated by all three modalities. The
index lesion was missed by mammography in 10%, sonog-
raphy in 15%, and MRI in 2%. The single cancer missed
by MRI was DCIS. Tumor size was underestimated on
mammography in 14%, sonography in 18%, and in no
cases by MRI. Of additional invasive lesions present,
mammography showed 31%, sonography showed 38%,
and MRI showed 100% (Figure 16.2).

Invasive lobular carcinoma (ILC) is notoriously difficult
to detect by either physical examination or mammography.
Studies have suggested that when this diagnosis is made,
staging of the extent of ILC by MRI preoperatively may
be valuable. In a study at the University of Pennsylvania
of 32 women with ILC, MRI showed more extensive tumor
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Figure 16.1. A 57-year-old woman 1 month status post left upper
outer quadrant lumpectomy yielding moderately differentiated
invasive ductal carcinoma, 1.1cm, and ductal carcinoma in situ, with
close margins. Postoperative mammogram (not shown) revealed
moderately dense, nodular breasts with postoperative changes in the
left upper outer quadrant from the recent lumpectomy. (A) Sagittal,
T1-weighted, contrast-enhanced, subtraction MRI study shows 
0.8cm irregularly shaped, irregularly marginated, heterogeneously
enhancing mass in the left upper inner quadrant posteriorly, suspi-
cious for carcinoma. (B) Ultrasound of the left breast shows a 
0.9cm hypoechoic mass that is taller than wide in the left breast
upper inner quadrant 11 o’clock axis, correlating with the MRI
finding. (C) This image obtained during ultrasound-guided 14-gauge
automated core biopsy shows the needle traversing the lesion. His-
tologic analysis yielded invasive ductal carcinoma and DCIS. This
proved the presence of multicentric disease, for which the patient
underwent mastectomy.

than mammography or sonography and altered the clini-
cal management in 16 (50%).26 In 13 cases of ILC exam-
ined by MRI at University of California San Francisco,
only 4 were found to be a solitary mass.27 Six had enhanc-
ing strands; two had multicentric or multifocal disease; and
in one case enhancing septations in the breast on MRI
were found to contain tumor cells on pathology.

The experience of MRI with DCIS is more confusing,
and the utility of MRI in the diagnosis of DCIS is more
controversial. When DCIS forms mammographically
evident microcalcifications, mammography is the most reli-
able technique of detecting this disease. However, in some
cases of DCIS and in some areas of those breasts in which
DCIS has calcified, uncalcified DCIS can be present. This

may not be evident by sonography or mammography.
Magnetic resonance imaging has been shown by some to
be able to detect at least some of this disease. Whether
MRI is a useful tool in the determination of the extent of
DCIS in all cases is unclear. However, in women with 
positive lumpectomy margins and without residual tumor
calcifications in their breast, MRI can be useful in 
determining the extent of residual disease.28 This is true 
for invasive as well as in situ disease.

In women with possible recurrence of tumor in the
treated breast after conservation, MRI can be helpful in
differentiating avascular, nonenhancing scar, and fat
necrosis from enhancing recurrent tumor.29,30 Because the
lumpectomy bed can contain vascular granulation tissue
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Figure 16.2. A 42-year-old woman with palpable mass in the
right breast upper outer quadrant. Mammogram (not shown)
revealed a spiculated mass at this site. Core biopsy showed inva-
sive ductal carcinoma and DCIS. (A) Sagittal, T1-weighted,
contrast-enhanced MRI shows spiculated, irregular, heteroge-
neously enhancing mass right upper outer quadrant consistent

with biopsy-proven cancer. (B) Sagittal, T1-weighted, contrast-
enhanced MRI shows segmental clumped enhancement extend-
ing from index cancer anteriorly and inferiorly toward nipple.
Subsequent surgery showed invasive mammary carcinoma with
mixed ductal and lobular features and ductal carcinoma in situ.
The patient underwent mastectomy.

up to 9 to 18 months after treatment, MRI is only useful
in these women after this time. However, recurrences are
extremely rare earlier than 18 to 24 months posttreatment,
so that this does not usually present a problem.31 The reli-
ability of MRI in differentiating recurrence from scar at
the lumpectomy bed has been reported as approaching
100% with sensitivities of 93% to 100% and specificities
reported at 88% to 100%.32

In the conservative treatment of breast cancer, MRI has
been shown to be useful in several scenarios. Magnetic 
resonance imaging demonstrates the extent of invasive
carcinoma, especially invasive lobular carcinoma, more
accurately than mammography or sonography. Magnetic
resonance imaging can show the extent of residual carci-
noma in women with positive margins at lumpectomy.
Finally, breast MRI assists in the differentiation of fibrosis
from tumor recurrence in women with suspicion of recur-
rence at the lumpectomy site more than 9 to 18 months
posttreatment.

4. Assessing Treatment Response

In women with large primary breast carcinomas, preoper-
ative chemotherapy has been used to shrink tumor size to
facilitate mastectomy or breast conservation. Increasingly,
preoperative neoadjuvant chemotherapy is being used.
Thus, the determination of tumor size after treatment is

increasingly important to the surgeon to enable complete
tumor removal without residual cancer left in the breast at
the time of lumpectomy.

Early studies with MRI demonstrated that it was
capable of identifying residual tumor enhancement in most
women with partial reduction of tumor by preoperative
chemotherapy.33 In one study of 52 women treated with
neoadjuvant chemotherapy, MRI was more accurate than
physical examination in detecting residual tumor and was
capable of identifying all breasts containing residual post-
treatment tumor, whereas physical examination falsely
identified five breasts as tumor free.34 Another study found
that when microcalcifications were associated with the
primary carcinoma and were due to DCIS, mammography
sometimes could detect posttreatment disease that was not
appreciated on MRI.35 Also, microscopic foci of residual
disease could not be appreciated with mammography,
sonography, or MRI.

Not all assessments of MRI in this setting have been
optimistic about its utility. In a study of 58 women under-
going preoperative chemotherapy, MRI was not reliable in
determining breast tumor size after treatment.36 Magnetic
resonance imaging was useful in determining within the
first 6 weeks of chemotherapy if tumor response to treat-
ment would occur. It had an 83% accuracy in determining
which tumors would be nonresponsive, and a comparable
accuracy in determining partial response. In complete
responders, MRI was a reliable indicator of the extent of
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response in only two thirds of patients. Others have also
reported reliability in assessment of tumor response using
MRI only in those with no response.37 This is due to
changes due to therapy appearing identical to those of the
primary breast carcinoma; when present, they com-
promised the ability to accurately assess response to 
treatment.

It appears that the ability of MRI to be useful in this
setting is somewhat limited. As a predictor of tumor
response or identifying complete failure of neoadjuvant
chemotherapy, MRI can be of value. As in other situations
in which it is used to identify DCIS seen as mammographic
microcalcifications, MRI is not reliable in assessing treat-
ment response when microcalcifications due to DCIS are
mammographically present. Not suprisingly, as is the case
with physical examination and other imaging techniques,
MRI may be unable to detect microscopic residual 
tumor. Also, posttreatment changes can be mistaken for
carcinoma.

5. Disease of the Nipple

Disease of the nipple is poorly evaluated using mammog-
raphy and sonography. Sonographically, shadowing pro-
duced by the nipple makes it poorly assessed. Disease
involving the nipple is also rarely imaged on mammo-
graphy. If a discharge is present from a solitary duct,
galactography can used to gain information about the
underlying duct. However, this procedure is invasive, and
sometimes the discharging duct cannot be catheterized.

Magnetic resonance imaging has been shown to be
capable of imaging the source of nipple discharge in some
women.38 In 15 women with nipple discharge who were
treated surgically, MRI was able to detect the underlying
lesion in 73% (Figure 16.3). In this study all seven carci-
nomas were found with MRI. One fibroadenoma and two
papillomas were found surgically and missed by MRI. In
one patient, no focal lesion was found with surgery or
MRI. In a case report of a woman with nipple discharge,
MRI found the underlying microinvasive DCIS.39 In this
case, both intraductal and intravenous contrast were used.

The normal pattern of nipple enhancement with contrast
can make its evaluation somewhat difficult. Comparison
with the opposite nipple is needed to assess whether the
pattern is abnormal. In the conserved breast, nodular
enhancement of the nipple has been suggested to be evi-
dence of tumor recurrence after conservation, while linear
or diffuse enhancement is a normal postconservation
pattern.40 However, there is only limited experience with
this observation.

It has been suggested that MRI may be of value in esti-
mating the extent of disease in the breast in women who
present with Paget’s disease of the nipple.41 This is due to
the supposed superior imaging of the retroareolar region

with MRI as compared with mammography and sonogra-
phy. Early enhancement has been reported with Paget’s
disease.42 This has also been seen with direct invasion from
carcinoma and subareolar papilloma. However, the impor-
tance of MRI in this setting would be to demonstrate the
extent of carcinoma when the clinical diagnosis of Paget’s
disease has been made. In this setting, over 40% of mam-
mograms are normal, and disease is confined to the
retroareolar region in only 25%.43 Reliable assessment of
the extent of tumor would assist with surgical planning.

6. Unknown Primary

Occult primary breast cancer presenting as isolated 
ipsilateral axillary metastases without evidence of tumor
in the breast on mammography or physical examination
accounts for approximately 0.3% to 0.8% of operable
breast cancers.44 Mastectomy, which had previously been
the standard treatment for occult primary breast cancer
without systemic disease, has yielded the primary cancer in
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Figure 16.3. A 57-year-old woman who presented with bloody
discharge of the right nipple and normal mammogram. Sagittal,
T1-weighted, fat-suppressed, subtraction MRI of the right breast
after injection of intravenous gadolinium shows extensive
clumped segmental enhancement in the lateral right breast,
9–10:00 axis. Magnetic resonance imaging guided needle 
localization yielded invasive ductal carcinoma, not otherwise
specified, and multifocal microinvasive carcinoma, ranging in size
from 0.1 to 0.2cm, and DCIS.



approximately two thirds of patients. The other one third,
in whom the primary is not found at mastectomy, presum-
ably have a small breast lesion that is not detected at his-
tologic analysis, or could possibly have a different primary
tumor.44 Breast conservation with radiation in women with
occult breast cancer has high (19%–23%) rates of local
recurrence, although overall survival is comparable with
that of women treated with mastectomy.45,46

Magnetic resonance imaging can detect otherwise inap-
parent carcinoma in the breast. This has proven to be valu-
able in women who have axillary metastases consistent
with a breast primary, but have no evidence of breast
cancer on physical examination or mammography (Figure
16.4). Discovery of the primary lesion makes it possible to
tailor therapy to breast cancer rather than unknown
primary. For women without distant metastases who are
surgical candidates, MRI may also make it possible to treat
the primary tumor with breast conservation rather than
mastectomy.

In a series of our patients at Memorial Sloan-Kettering
Cancer Center, MRI was capable of finding the primary
carcinoma in 75% of 12 women presenting with axillary

nodal disease consistent with metastatic breast cancer but
no evident primary tumor on mammography or physical
examination.44 There were two true-negative and one
false-positive MRI examinations in this series. In a study
from the Hospital of the University of Pennsylvania, Orel
and colleagues47 reported that MRI detected the primary
breast cancer in 86% of 22 women presenting with
unknown primary and axillary nodal metastases.

In another study from our institution, Olson and col-
leagues46 reported 40 women with biopsy-proven metasta-
tic adenocarcinoma to an axillary lymph node and no
evidence of primary tumor on mammography or physical
examination. All patients had breast MRI examination.
Magnetic resonance imaging identified the primary breast
lesion in 28 of 40 women (70%). Of these 28 patients, 11
had modified radical mastectomy, 11 had lumpectomy and
axillary dissection with radiotherapy, 2 had axillary dissec-
tion and radiation, and 4 had no local treatment due to
distant metastases. Two women who initially had lumpec-
tomy and axillary dissection underwent subsequent mas-
tectomy for positive margins. Of the 22 women with
positive MRI who had breast surgery, 21 (95%) of 22 had
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Figure 16.4. A 59-year-old woman who presented with adeno-
carcinoma in right axillary lymph nodes, compatible with breast
primary. (A) Preoperative mammogram, right mediolateral
oblique view, shows dense right axillary lymph node. The breast
parenchyma is nodular without dominant mass or suspicious 
calcification. (B) Sagittal, T1-weighted, contrast-enhanced MRI
of the right breast shows multiple irregularly shaped, irregularly
marginated, heterogeneously enhancing masses in vaguely ductal

A B, C

orientation in the central right breast. (C) Sagittal, T1-weighted,
contrast-enhanced MRI of the right breast shows additional
clumped and mass enhancement extending from the central area
to the retroareolar region, in the slice immediately contiguous to
that shown in A. Magnetic resonance imaging guided needle
localization yielded two foci of invasive ductal carcinoma 
(measuring 0.6 and 0.4cm) and DCIS.



tumor in the surgical specimen. Twelve women had nega-
tive MRI; 5 of these 12 had mastectomy, of whom 4 had no
tumor in the surgical specimen. The remaining seven
patients had axillary dissection and whole breast irradia-
tion (n = 5) or were observed (n = 2). Overall, 18 (53%) of
34 women surgically treated had mastectomy while 16
(47%) had breast conservation. Tumor yield for patients
having breast surgery was 81%.

These studies suggest that MRI can identify the site of
the primary tumor in most women who present with occult
breast cancer metastastic to the axilla. Furthermore, one
can hypothesize that a negative MRI may enable identifi-
cation of a subset of women with occult carcinoma who
can be managed with breast conservation rather than 
mastectomy.

7. Screening

The ability of MRI to identify otherwise inapparent breast
cancer suggests that it might have a role to play in screen-
ing. Data addressing this issue are very preliminary.
However, there is evidence of the ability of MRI to detect
cancers in high-risk populations, such as BRCA-positive
women, before they are evident by mammography, sonog-
raphy, or physical examination. Although the expense,
need for intravenous contrast, and lower positive predic-
tive value than with mammography suggest that MRI may
not be useful for general screening, its use in high-risk
women may become accepted. Whether it is of value in
women with mammographically dense breasts is unknown.

In screening women with very high risk of developing
breast cancer, MRI has been shown to have some advan-
tage over sonography when used in conjunction with mam-
mography. Warner and colleagues48 reported 196 women
with strong family history or BRCA positivity who were
screened with physical examination, MRI, sonography, and
mammography. Among these women, six developed inva-
sive cancer and one developed DCIS. All invasive tumors
were detected by MRI. Mammography found three
cancers, including the DCIS; sonography and physical
examination each found two. Stoutjesdijk and colleagues49

retrospectively reviewed the ability of mammography and
MRI to detect 19 cancers in 179 high-risk women. The
specificity and sensitivity were 93% and 100% for MRI,
and 96% and 42% for mammography. Morris and col-
legues50 found that among 367 high risk women, MRI
screening resulted in a biopsy recommendation in 17%,
with cancer found in 24% of those biopsied. Increasingly,
it appears that screening using MRI in addition to mam-
mography may be accepted for those women who are
BRCA positive.51 These women have a risk as high as 80%
of developing breast cancer in their lifetime. As risk
decreases, the usefulness of this expensive tool for screen-
ing probably diminishes considerably. However, the role of

MRI in breast cancer screening remains unestablished and
is the subject of continuing study.
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Over the past five decades, nuclear magnetic resonance
(NMR) spectroscopy has evolved from a technique used
in chemistry to determine the structure of molecules to a
method with which to probe the metabolism of cells,
tissues, intact animals, and humans.1–13 The early genera-
tions of NMR spectrometers employed room temperature
ferromagnets and operated at fields between approxi-
mately 1 to 2 Tesla (T) and could accommodate samples
that contained less than 1mL of solutions. In the 1970s, the
development of vertical bore superconducting magnets
provided a newer generation of NMR spectrometers that
operated at higher fields and could obtain spectra from
slightly larger volumes of samples (1–10mL). As more of
these instruments became available, several research
groups began to use multinuclear NMR spectroscopy to
investigate the bioenergetics and metabolism of cellular
suspensions (see, e.g., Refs. 14–16) and perfused tissue (see,
e.g., Refs. 17 and 18). Phosphorus-31 (31P) NMR spec-
troscopy was used to study cellular bioenergetics because
several important compounds that are involved in cellular
energetics, such as adenosine triphosphate (ATP), phos-
phocreatine (PCR), and inorganic phosphate (Pi), are
readily detectable. Carbon-13 (13C) NMR spectroscopy
could probe metabolism by following isotopically labeled
substrates through various metabolic pathways (see, e.g.,
Ref. 19). Although proton magnetic resonance spec-
troscopy (MRS) was used extensively in chemical applica-
tions, its use in biological systems in which the
concentration of the compounds of interest is approxi-
mately 1 to 10mM was hampered by the presence of a
large background signal arising from water in the sample,
which could have a concentration approaching 90M in
protons.This large difference in signal intensities led to the
development of a variety of techniques that either did not
excite the background water signal or suppressed it sub-
stantially (see, e.g., Refs. 20–22). One of the major motiva-
tions for employing proton MRS methods is the greater
sensitivity of this nucleus as compared with both 31P and

13C. The relative sensitivities for each of these nuclei are
given in Table 17.1. Typical voxel sizes for each nucleus are
also given for comparison.

The availability of horizontal bore magnets led to the
extension of these studies to intact animals (see Ref. 23 for
a review). Since the early 1980s, there has also been an
increasing availability of whole-body magnetic resonance
imaging (MRI) scanners for use in diagnostic imaging.
A large number of these MRI scanners operate at 1.5T,
a magnetic field that is similar to the magnetic fields
employed in the early days of NMR spectroscopy. As MRI
technology has advanced, there have been an increasing
number of applications of MRI to image organs outside of
the brain. This book deals with one of the major emerging
areas of MRI, namely, the breast.

The development of spatially localized MRS24–26 has
created the opportunity for adding the metabolic infor-
mation about a lesion visualized on MRI alone or dynamic
contrast-enhanced MRI into the diagnostic work up of
breast disease. In the best case possible, malignant lesions
would present with a characteristic metabolic fingerprint
that is distinct from that of benign lesions, leading to high
metabolic contrast between the two kinds of breast lesions.
This metabolic information could then be used in con-
junction with the more conventional MRI-based 
anatomical and physiological parameters to arrive at a
diagnosis based on the aggregate behavior of the lesion on
MRI/MRS. In effect, the MRS could be viewed as an addi-
tional imaging sequence (such as fast spin echo or delayed
contrast-enhanced images) in the overall MRI protocol.

We have recently reviewed the clinical studies that have
been carried out to date using MRS of the breast in diag-
nostic studies.27 In this chapter we discuss the biological
rationale behind employing MRS in the breast. We also
discuss the technical challenges in applying MRS in the
breast. Finally, we discuss some of the potential develop-
ments that may improve the performance of MRS of the
breast in the future.
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1. Magnetic Resonance Spectroscopy of
the Breast

1.2. Rationale for Using Choline

The rationale for using MRS in the breast is based on the
observations, made both in excised human breast tissue
and in model systems, that the level of the choline and its
metabolites are elevated in tumors as compared with
benign disease (for a review in tumors see Ref. 28; for
breast tumors see Refs 29–32). Early NMR spectroscopy
studies of tissue extracts and later in vivo MRS studies
using 31P, found elevated levels of phosphomonoesters
[phosphocholine (PC) and phosphoethanolamine (PE)] in
malignancies. More recently, there has been a growing 
literature that indicates that levels of choline and its
metabolites can be detected by proton MRS. Although it
is difficult to distinguish the different choline metabolites
using proton MRS, these proton MRS studies are easier to
perform on clinical scanners for two reasons. First, the sen-
sitivity of proton MRS is higher than 31P or 13C, and proton
MRS studies can use the same radiofrequency hardware as
MRI. Also, if lesions of approximately 1cm linear dimen-
sion are of interest, it is clear that proton MRS offers the
best possibility for metabolic investigations.

Degani and colleagues29 and Ronen and Leach32 have
reviewed the preclinical studies of breast cancer. Nuclear
magnetic resonance data obtained from 31P studies, carried
out on different malignant cell lines and human mammary
epithelial cells, indicate differences in the phospholipid
metabolism of human breast cancer cells either in tissue
culture or implanted in nude mice.29 The malignant cells
consistently exhibited elevated levels of phosphocholine
(PC) and phosphoethanolamine (PE). This review also
describes the results of 13C NMR studies that compared
glucose utilization rates in malignant cell lines with human
mammary epithelial cells. These studies indicated that the
malignant cells produced ATP almost exclusively by gly-
colysis (with concomitant production of lactate), whereas
the human mammary epithelial cells had about 20% oxida-
tive metabolism.

Degani and colleagues29 also describe the results of 13C
studies aimed at determining the details of phospholipid
metabolism in human breast cancer cells. These results,
carried out in spheroids, showed that the rate of synthesis
of phosphatidylcholine was greatest in cells that were pro-
liferating, as compared with nonproliferating cells. These
studies provide a rationale for entertaining the hypothesis
that breast lesions that are malignant will exhibit altered
metabolism and elevated choline when compared with
benign lesions. Aboagye and Bhujwalla33 showed that the
progression of human mammary epithelial cells from
normal to malignant phenotype is associated with altered
membrane choline phospholipid metabolism. In particular,
they found that phosphocholine levels and total choline-
containing phospholipid metabolite levels increased with
progression from normal to immortalized to oncogene-
transformed to tumor-derived cells. These studies indicate
that there should be increased choline-containing com-
pounds present in malignant tissue as compared with both
normal and benign tissues.The only potential complication
in using choline as a marker from malignancy can be found
in the report of Rohlfs and colleagues.34 These authors
found that in the lactating rat the mammary gland was able
to synthesize the choline metabolites found in milk. They
also established that the total choline concentration in 
rat milk is seven-fold higher than previously reported,
with more than 80% present as glycerophosphocholine
and phosphocholine. However, this elevated choline level
should only be present during lactation.

2. Nuclear Magnetic Resonance Studies
of Human Tissues and Tissue Extracts

Gribbestad and colleagues35,36 have reported a one- and
two-dimensional NMR study of perchloric acid extracts of
human breast carcinomas. Among a number of interesting
findings, these authors found elevated levels of phospho-
choline at 3.2ppm. The phosphocholine/valine ratio in
malignant tissue was 18.7 ± 12.5, as compared with 6.60 ±
2.60 for uninvolved tissue. These differences were found to

Table 17.1. The Relative Sensitivities of the Nuclei Together with Some Typical Voxel Sizes for MRS

Natural Frequency
Abundance at 1.5T Physiological Relative Relative Typical

Nucleus Spin (%) (MHz) Concentration Sensitivitya Detectabilityb Voxel Sizec

1H 1/2 100 63.89 80–90M 1.0 1.0 0.625 ¥ 0.625 ¥ 3
1H 1/2 Metabolites 63.89 1–10mM 1.0 10-5–10-6 10 ¥ 10 ¥ 10
13C 1/2 1.18 16.06 10mM 2.5 ¥ 10-4 2.5 ¥ 10-8 50 ¥ 50 ¥ 50
31P 1/2 100 25.85 10mM 8.3 ¥ 10-2 8.3 ¥ 10-6 30 ¥ 30 ¥ 30

a The relative sensitivity based on NMR theory for the same concentration of each nucleus.
b The relative detectability calculated by taking into account the relative concentrations present. The first entry for protons is for MRI.
c The typical voxel size achievable in about 10 minutes of signal averaging for MRS with surface coils. For comparison, a typical MRI voxel obtained
with a head coil at 1.5T obtained in about 10 seconds is given in the first entry for protons.
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be statistically significant (P < 0.01) on a Mann-Whitney
test. It was pointed out that the increase in phosphocholine
might be accompanied by a decrease in glycerophospho-
choline. These authors also reported a higher level of
lactate/glucose in extracts of tumors, as compared with
uninvolved tissue. Some caution in the interpretation of
lactate levels in extracts is probably warranted because it
is often difficult to remove the tissue in a manner that 
guarantees that agonal metabolism does not produce
lactate. The observation of glucose resonances in the
extract provides some confidence that this may not have
occurred in the study.

Von Speckter and colleagues37 have also reported a
high-resolution NMR study carried out on 56 cases with
suspected mammary carcinoma. These authors found 
that three ratios of compounds detected by NMR (the 
creatine/fat, choline/fat, and carnitine/fat ratios) could 
distinguish between malignant and normal tissues at the
0.995 confidence level. The spectra shown in this report
suggested that, of the three compounds, the level of choline
should be easiest to determine in vivo.

MacKinnon and colleagues31 have shown that it is pos-
sible to differentiate benign from malignant lesions based
on a visual inspection of the Cho/Cr ratio observed in the
ex vivo MR spectra of fine needle biopsy samples. This
work was followed recently by a report of a statistical clas-
sification strategy for diagnosing breast cancer based on ex
vivo MR spectra obtained from fine-needle aspirates.38 The
results discussed previously show that there are differences
in the metabolism of breast cancer compared with normal
tissue. Moreover, these differences can be observed by

MRS methods in cellular suspensions, model tumors, and
extracts of excised human tissue.

3. Phosphorus-31 Magnetic 
Resonance Spectroscopy Studies of
Human Breast Disease

Sijens and colleagues39 have reported changes in both 1H
and 31P MRS in patients (n = 5) with breast cancer.The fat-
to-water ratio was found to be 0.45 in the tumors, as com-
pared with 3.3 in normal tissue. The malignant lesions
showed elevated levels of phosphomonoesters (which are
primarily PC and PE), phosphodiesters (which are pri-
marily glycerophosphoethanolamine and glycerophospho-
choline), and inorganic phosphate (Pi). The malignant
lesions all showed little or no phosphocreatine (PCr/ATP
< 0.2). Similar alterations in 31P spectral parameters have
subsequently been reported by others.40–45

4. Clinical Single Voxel Proton Magnetic
Resonance Spectroscopy of the Breast

An example of the MRS results obtained from a single voxel
examination of an infiltrating ductal carcinoma is shown in
Figure 17.1. For comparison, an example of the results of a
similar examination carried out on a fibroadenoma is shown
in Figure 17.2. Note the presence of choline in the spectra
shown in Figure 17.1. This difference is the basis for the 
discrimination between malignant and benign lesions.

Figure 17.1. (A) Unsuppressed and (B–D) suppressed MR
spectra (2000/31) of intraductal and infiltrating ductal carcinoma
show resonance assignments for water, fat, and Cho. (E) 
Gadolinium-enhanced MRI (28/4) shows the tumor and the voxel

(box) used for MR spectroscopy. In A–D, scale factors are 
relative to the unsuppressed spectrum. The horizontal axis units
are expressed in ppm. The nominal voxel volume was 1.6cm3. In
A–D, X indicates the magnification.



To date, six studies of in vivo 1H MRS of breast cancer
have been published that used choline as a marker for
malignancy. Five of these studies (conducted by four dif-
ferent groups) have tested the diagnostic performance of
1H MRS for distinguishing benign from malignant lesions
of the breast based on the detection of a choline reso-
nance.46–50 The number of cancer and benign tumors
included in each study, as well as the diagnostic results of
these studies, are summarized in Table 17.2.The sixth study
tested the capability of 1H MRS to differentiate breast
cancer from unaffected breast tissue.51 The technical
details of these studies are given in Table 17.3. Note that
in spite of the different coils, pulse sequences, acquisition
methods, and patient populations sampled, the results
shown in Table 17.2 are surprisingly similar. The sensitiv-
ity ranges from 0.70 to 0.92, whereas the specificity ranges
from 0.83 to 0.87.We suggest that these results indicate the
robustness of using the presence of choline as an indicator
of malignancy.

In our review,27 we also noted that if the studies in which
there were known technical problems were excluded from
the pooled analysis, the sensitivity of MRS increased to
0.92 and the specificity increased to 0.92. We also pointed
out that in women who were 40 years old and younger,
MRS had a diagnostic accuracy of 100%. These encourag-
ing results indicate that MRS might have an important role
in distinguishing benign from malignant lesions in younger
women who are at high risk for developing breast cancer.

5. Future Developments

The increasing availability of MRI scanners operating at 3
to 4T could improve the performance of MRS of the
breast. In our review,27 we noted that one of the important
factors limiting the diagnostic accuracy of breast MRS is
the signal-to-noise (S/N) ratio of the examination. These
higher field scanners offer potential significant S/N gains
over 1.5T scanners provided that magnetic field inhomo-
geneities can be shimmed out.The last column in Table 17.3
indicated the line-width of the choline resonance observed
in vivo.This line-width was estimated from the spectra pre-
sented in each report and, thus, is a rough estimate only.
Bakken and colleagues have reported a T2 for choline of
320 to 360ms in two breast patients.52 A T2 of 320ms cor-
responds to a line-width of approximately 1Hz. Because
the experimental line-widths were as high as 8Hz, it may
be possible to gain a significant increase in S/N by reduc-
ing the contribution of static field inhomogeneity. One way
to decrease the contribution of static field in homo-
geneities is by reducing the MRS voxel size. A smaller, but
dramatic effect of reducing voxel size on S/N improvement
was recently reported by Li and colleagues53 in MRS
studies of the brain. Thus, the combination of higher field
and higher order shimming algorithms could provide sig-
nificant increases in the S/N of the MRS examination.
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TE 270

TE 31

Figure 17.2. (A) MR spectra of a fibroadenoma obtained with a
repetition time of 2000msec and an echo time (TE) of 270msec
(TE 270) or a TE of 31msec (TE 31). There is no detectable Cho
present in these spectra. The horizontal axis units are expressed
in ppm. (B) Gadolinium-enhanced MRI (28/4) shows the tumor
and the voxel (box) used for MR spectroscopy.The nominal voxel
volume was 1.2cm3. Diffuse enhancement is demonstrated 
inferior to the fibroadenoma voxel location.
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Table 17.2. Clinical Breast 1H MRS Studies and Results

Mean
Study Malignant Benign Dimension Sensitivity Specificity
No. Author Tumors Tumors (cm)* % % TP TN FN FP

1 Cecil et al.50 23 15 2.6 83 87 19 13 4 2
2 Yeung et al.48 24 6 4.9 92 83 22 5 2 1
3 Roebuck et al.47 10 7 2.0 70 86 7 6 3 1
4 Kvistad et al.46 11 11 3.2 82 82 9 9 2 2
5 Jagannathan et al.49 32 14 — 81 86 26 12 6 2
Sum 100 53 83 85 83 45 17 8

Abbreviations: TP, true positive; TN, true negative; FN, false negative; FP, false positive.

Table 17.3. Hardware, Methods, and Acquisition Parameters Used in Breast 1H MRS Studies

Pulse
Model Sequence Pulse Line-

and Make for Single Sequence for Width
Study of 1.5-T Voxel Water of
No. Author Magnet RF Coil Spectroscopy Suppression TE NEX Cho

1 Cecil et al.50 Signa, GE Custom build STEAM CHESS 31 128 5–7
Medical single-breast 270
Systems, multi coil
Milwaukee, for receive-
WI only, and body

coil for
transmit

2 Yeung et al.48 Gyroscan Standard double- PRESS Not specified 38 64 8
ACS-NT, breast receive- 135
Philips only and body 270
Medical coil for transmit
Systems,
Best, The
Netherlands

3 Roebuck et al.47 Signa, GE Custom build STEAM CHESS 31 128 5–7
Medical single-breast 270
Systems, multi coil for
Milwaukee, receive-only,
WI and body coil

for transmit
4 Kvistad et al.46 Picker Edge Custom build PRESS Frequency- 135 256 4

EPI II, single-breast selective 350
Picker, receive-only, inversion 450
Cleveland, or a circular pulse at the
OH surface coil water

resonance
5 Jagannathan Magnetom, Standard bilateral STEAM Not specified 135 32–64 5

et al.49 Siemens surface coil for
receive only, and
body coil for
transmit

6 Gribbestad Gyroscan Double breast PRESS Frequency- 136 256 8
et al.51 S15 HQ, coil, works as selective

Philips transmit and inversion
Medical receive pulse at the
Systems, water
Best, The resonance
Netherlands

Abbreviations: CHESS, chemical shift selective pulses; NEX, number of excitation used in the acquisition of each spectrum; PRESS, point resolved
spectroscopy; RF, radiofrequency; TE, echo time; STEAM, stimulated echo acquisition mode. The repetition time was 2000msec in all the studies
except study 5, in which 3000msec were used.



The gain in S/N may also produce artifacts in the spectra.
Recently, Bolan and colleagues54 showed that at 4T there
can be spurious peaks caused by modulations of the strong
lipid signal by gradient vibrations. These authors showed
an elegant solution to this problem called TE-averaging,
which can readily be implemented for single voxel studies.
An alternate approach is using radiofrequency excitation
pulses that do not excite the lipid resonances. These lipid
nonexcitation approaches have been employed in proton
MRS of the prostate by the UCSF group.55,56

All of the clinical studies referenced to date have
employed single voxel methods for spectral localization.
There have been several groups pursuing the development
of multivoxel MRS methods for proton studies of the
breast. The rationale for employing a multivoxel MRS
approach is based on the fact that there is usually more than
one region of contrast enhancement observed on MRI. In
clinical practice, the radiologist uses a combination of archi-
tectural features, as well as enhancement characteristics, to
assess each of these regions.We visualize that the multivoxel
MRS approach will enable radiologists to combine the
choline level observed in each of these enhancing regions
into their overall assessment of the probability for 
malignancy. The multivoxel approach is also time-efficient
because the acquisition time for the whole breast sequence
(2304 voxels) is equivalent to the time required for sampling
three single voxels sequentially.An additional advantage of
the multivoxel approach is that it permits retrospective
review, whereas single voxel methods rely on accurate 
voxel choice and placement. The multivoxel methods also
may avoid issues concerning the degradation of MRS by
gadolinium-based contrast studies. Because the multivoxel
MRS provides extensive coverage of the breast, it can be
performed before the dynamic contrast enhancement.Also,
multivoxel methods can be retrospectively voxel-shifted to
optimally reposition the voxel over the lesion(s) identified
on MRI. The large number of voxels examined, combined
with the fact that these examinations are usually performed
with phased array radiofrequency receiver coils, means that
there can be several thousand spectra to process, display,
and interpret.This points out the need for the development
of robust, accurate, easy-to-use, automated, spectral pro-
cessing algorithms.

6. Summary

Proton MRS of the breast can provide important diagnos-
tic information that is based on the metabolic profile of
malignant breast tissue, namely an elevated choline reso-
nance. A potential complicating factor is that lactating
women may also show elevated choline and should prob-
ably be excluded from MRS studies. Evidence suggests
that MRS of the breast may be particularly useful for
younger women. The advances in higher field magnets as

well as multivoxel MRS methods should improve MRS
studies in the future. There is a growing need for auto-
mated spectral analysis algorithms that can provide a
means for integrating the metabolic information from
MRS into the MRI examination.
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For most surgeons who care for patients with breast
cancer, performing a surgical procedure for local control is
only a small component of their involvement with this
disease. In general, breast surgeons take an active role in
both screening efforts and the evaluation of the abnormal
mammogram. Subsequent to any diagnosis of breast
cancer, it is the surgeon who must make the determination
as to the appropriateness of breast conservation therapy
versus mastectomy. Finally, after a cancer patient has
undergone adjuvant therapy, the surgeon continues to par-
ticipate in her care, evaluating her for any evidence of local
recurrence or contralateral disease.

In many cases, all of these facets of the management of
the breast patient are relatively uncomplicated. In such
cases, there may be no need for imaging tests other than
standard mammography. However, there are occasions on
which either more intensive screening may be desired or a
more thorough preoperative evaluation of the breast is
desired in preparation for the definitive surgical proce-
dure. In such situations, magnetic resonance imaging
(MRI) is uniquely able to provide additional, important
information. In order to best address its utility, it is helpful
to discuss each of the tasks that a surgeon may face sepa-
rately. Additionally, it is important to understand the tech-
nical keys to success when performing biopsy after
MRI-guided localization.

1. Screening for and Diagnosis of 
Breast Cancer

As has been the case for many years, screening mammog-
raphy remains the gold standard for evaluating the breast
for cancer.1–3 The increased use of screening mammogra-
phy has almost solely led to an increase in the detection of
breast cancer in the in situ stage of the disease.4 Yet,
despite its excellent ability to detect early breast cancers,
mammography still has its limitations. Fully 10% to 15%
of all palpable breast cancers are not detectable with mam-

mography, and its sensitivity decreases in younger women
and those with increased breast density.5,6 In general,
because breast cancer is a rare disease in women under the
age of 40, these limitations are not clinically significant.
However, in a population of younger women at greater
risk of developing breast cancer, the decrease in sensitiv-
ity of mammography in this setting could have important
implications.

Women who either have a strong family history of breast
and ovarian cancer or who are known to be carriers of a
mutation of the BRCA1 or BRCA2 gene carry the great-
est lifetime risk for development of breast cancer. Breast
cancer screening efforts in this population are thwarted by
the fact that over 50% of mutation carriers develop cancer
before the age of 50,7 the time at which screening sensi-
tivity increases. It is in just such a population that a test
such as MRI, which has been reported to have a sensitiv-
ity for breast cancer detection as high as 94% to 100%,
would be ideal.8 In this population, one might consider the
use of MRI to evaluate the breast.

Several studies have addressed the use of MRI in a 
population of women either known or suspected to carry
a breast cancer susceptibility gene.9–11 Stoutjesdijk and col-
leagues9 analyzed of a cohort of women at increased risk
for breast cancer who were evaluated yearly by mammog-
raphy alone, MRI alone, or both modalities. This group
found that MRI was more accurate in the detection of
breast cancer than mammography alone. A second group
offered women with probable genetic susceptibility screen-
ing with physical examination, mammography, ultrasound
examination, and MRI.10 Of nine cancers found during the
study period, mammography and ultrasound demonstrated
three (33%) while MRI demonstrated all nine lesions. The
positive predictive value for the tests was 30%, 14%, and
64% for mammography, ultrasound, and MRI, respec-
tively. Similarly, in a study in which physical examination,
mammography, ultrasound, and MRI were all performed
on the same day, Warner and colleagues11 found 6 cancers
in 196 women. Of these cancers, mammography and/or
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ultrasound could detect only three, while MRI was able to
detect all six. Based on these data, it would be appropriate
to conclude that MRI may play a role in screening the pop-
ulation of women thought to carry a genetic susceptibility
to breast cancer.

Other women are at increased risk for breast cancer
development, including women who have a diagnosis of
atypical hyperplasia or lobular carcinoma in situ (LCIS)
and those who have had prior mantle radiation for the
treatment of lymphoma.12–14 Morris and colleagues15

addressed these other populations in addition to that with
an inherited susceptibility gene when they evaluated the
first screening MRI of 367 high-risk women at Memorial
Sloan-Kettering Cancer Center. Biopsy was recommended
in 64 (17%) women and performed in 59 women. Biopsy
revealed cancer occult to mammography and physical
examination in 14 (24%) of 59 women who had biopsy and
in 14 (4%) of 367 women who had breast MRI screening.
Among these 14 women with MRI-detected cancer, histo-
logic findings were ductal carcinoma in situ (DCIS) in 8
(57%) and invasive cancer in 6 (43%). Although MRI
screening is not the standard of care, these data suggest
that there may be a benefit to incorporating breast MRI
into the screening protocol for women with genetic sus-
ceptibility to breast cancer as well as for other women at
increased risk for the disease.

2. Local Therapy for Breast Cancer

Once a diagnosis of breast cancer has been made, the goal
of every breast surgeon is to perform the appropriate sur-
gical procedure for definitive management of the disease.
While it would be ideal if all patients with breast cancer
presented with a readily interpretable mammogram with a
single site of microcalcifications or a small, spiculated mass,
this presentation sometimes seems to be the exception to
the rule. It is in the cases in which diagnostic dilemmas
exist that MRI has its greatest utility for the breast
surgeon.

One such diagnostic dilemma exists in the patient who
presents with a highly suspicious breast mass and a nega-
tive mammogram.As indicated previously, mammographic
examination of the breast is falsely negative in up to 15%
of women who present with a palpable lesion subsequently
determined to be a breast cancer.5 Additionally, while a
targeted ultrasound examination of the area of concern
increases sensitivity, 2% to 3% of all palpable cancers are
still undetectable by the combination of modalities.16 In
most of these cases, the patient will have extremely dense
breast tissue, making the physical examination of the
remainder of the breast more difficult. Because of the
inability to adequately assess the breast for other possible
sites of disease, the surgeon is often justifiably reluctant to
perform breast conservation therapy. It is thought that

these patients will be at increased risk for local recurrence
postlumpectomy. Additionally, the patient herself is often
quite concerned about the contralateral breast and the
ability to detect disease in that breast.

Magnetic resonance imaging can provide valuable infor-
mation for both the surgeon and the patient in cases such
as this. Not only may it highlight areas of potential concern
elsewhere within the ipsilateral breast, it will also assist 
in evaluating the contralateral breast. Fischer and col-
leagues17 studied the additional benefit of MRI over that
of mammography and ultrasound alone in the preopera-
tive evaluation of the patient with a known breast abnor-
mality. In 50 patients found to have multicentric disease,
MRI alone was able to detect it in 24 of 50 (48%). Thus, in
a patient in whom a cancer has been diagnosed but mam-
mography is negative, the additional information from
MRI can be invaluable. A negative breast MRI suggests
that breast conservation may be feasible, whereas mastec-
tomy will be more appropriate if MRI leads to the diag-
nosis of multicentric disease.

Several studies have also investigated the ability of 
MRI to detect disease in the contralateral breast. In a 
small study of 17 patients with known breast cancers,18 4
of the 17 patients (24%) were found to have contralateral
cancer. In a larger study of 182 patients with known breast
cancers who had contralateral breast MRI, 15 patients had
suspicious lesions; cancer was found in 47% (7 of 15)
lesions, constituting 4% (7 of 182) patients who had con-
tralateral breast MRI.19 In a study from our institution of
223 women who had MRI of the contralateral breast,
biopsy was recommended in 72 (32%) women and per-
formed in 61 women. An otherwise unsuspected cancer
was found in 20% of women who had biopsy, constituting
5% of women who had contralateral breast MRI.20

Magnetic resonance imaging evaluation of the contralat-
eral breast may be of particular benefit in patients in whom
the index cancer was not visualized on conventional
imaging modalities.

A clinical scenario similar to that of the patient with neg-
ative imaging and a known cancer is that of the patient in
whom a cancer is incidentally found at the time of a biopsy
for other benign pathology. While an even less common
occurrence than that of the palpable cancer without
imaging correlate, a breast surgeon is faced with this situ-
ation more frequently today because of the increased use
of screening mammography. As increasing numbers of
biopsies of microcalcifications and suspicious lesions are
recommended, the likelihood of finding early, incidental
cancers in the surrounding tissue will also increase. While
the microcalcifications that were targeted for biopsy are
known to be benign, the breast surgeon often feels that the
remainder of the breast is unable to be adequately evalu-
ated. In this situation, MRI again is ideal for further eval-
uation of the tissues in both the ipsilateral and the
contralateral breast.
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Even in clinical scenarios in which the cancer appears 
to be well visualized by conventional imaging studies,
MRI can be of value. In a study of 70 women with percu-
taneously proven breast cancer who had preoperative ipsi-
lateral breast MRI at our institution, a biopsy was
recommended based on MRI findings in 51%; additional
sites of ipsilateral cancer were found by MRI in 27%.21

These ipsilateral MRI-detected cancers were in the same
quadrant as the index cancer in 20% of women, in a dif-
ferent quadrant in 4% of women, and in both the same and
a different quadrant in 3% of women.21 These findings
show that preoperative breast MRI can detect otherwise
unsuspected additional sites of disease that impact on sur-
gical treatment.

One of the more frustrating situations encountered by a
breast surgeon is the presence of positive surgical margins
in a patient who appears to have a focal lesion without
other pathologic changes on mammogram or physical
examination. While the presence of one positive margin
does not discourage the surgeon from pursuing breast 
conservation therapy, the presence of multiple positive
margins often discourages its use. Before relegating the
patient to a mastectomy, it may be helpful to consider
breast MRI in this setting. It has been shown to be quite
effective in the evaluation of extent of disease within the
breast.22,23 In a study of 85 invasive cancers, MRI was sta-
tistically significantly better at determining lesion size with
accuracy than mammography.23 Thus, while MRI may not
define the absolute extent of disease within the breast, it
can certainly be an important adjunct to the management
of the patient with positive surgical margins.

Similar to the patient just presented with multiple posi-
tive margins despite negative imaging examinations, the
patient with an infiltrating lobular cancer (ILC) often con-
founds the efforts of even the most experienced breast
surgeon. Because of its unique growth pattern, in which
tumor cells grow in a linear rather than a radial fashion,
ILC tends to present as an ill-defined thickening rather
than a well-demarcated mass. This growth pattern often
makes it difficult to adequately assess the extent of the
tumor on clinical examination. Additionally, it leads to 
an increased incidence of false-negative mammographic
examinations.24 If these clinical concerns are not frustrat-
ing enough to the surgeon, he or she must also be con-
cerned about the increased risk of contralateral disease in
the patient with ILC. The combination of these clinical
factors makes an additional imaging study such as MRI
attractive in the management of ILC. One study of MRI
in patients with ILC indicated that MRI showed more
extensive disease in 16 of 32 (50%) women when com-
pared with both mammography and breast ultrasound
examination.25 While it underestimated tumor in 1 of 32
patients and overestimated tumor in 1 of 32 patients
studied, it provided important clinical information in the
vast majority of patients in this study.

In another, larger study of MRI’s clinical utility in the
evaluation of ILC, the ability to detect unsuspected ipsi-
lateral and contralateral disease was investigated.26 In 62
patients who had MRI after the diagnosis of ILC was
made, 38 (61%) had abnormal findings for which biopsy
was recommended.Among these 62 women, MRI detected
otherwise unsuspected sites of cancer in the ipsilateral
breast in 22% and in the contralateral breast in 9%. Data
such as these support the effectiveness of MRI in the eval-
uation of the patient with ILC. Thus, it is reasonable for
the breast surgeon to consider its use in those patients in
whom ILC is diagnosed.

While these clinical scenarios have all demonstrated the
ability of MRI examination to enhance evaluation of the
extent of disease in a breast already shown to contain a
breast cancer, the surgeon may also be faced with a sce-
nario in which the primary site of cancer within the breast
is not yet known. Such occult primary breast cancers, in
which an axillary metastasis is the first indication of
disease, account for less than 1% of all breast cancers diag-
nosed.27 However, its diagnosis and treatment can be par-
ticularly difficult for both the patient and the surgeon. The
vast majority of patients who present with such disease
undergo conventional imaging without identification of a
lesion.28 Because of this, surgical management of such cases
has almost always entailed the performance of a modified
radical mastectomy. Despite this, cancer was found in the
breast in only two thirds of patients who underwent mas-
tectomy. Additionally, while not all lesions found at the
time of mastectomy would have been amenable to breast
conservation therapy, some patients would clearly have
been candidates for a lumpectomy.

With all of these issues with the occult breast cancer 
in mind, any form of imaging that could improve the 
ability to detect disease within the breast in such cases
would be most valuable. Magnetic resonance imaging
appears to be of significant benefit in such cases.
Several studies have addressed the ability of MRI to detect
disease in the patient with occult breast cancer. One report
of 22 patients in whom the presentation of cancer was a
positive axillary node demonstrated the ability of MRI to
detect a primary lesion in 19 of 22 (86%) of patients.29

While there were two false-negative examinations, the
remaining studies revealed cancers ranging in size from 4
to 30mm.

A second study evaluated 40 patients presenting with
occult primary breast cancers.30 In this study, tumors were
visualized in 28 of 40 (70%) women who had MRI.Tumors
detected by MRI ranged in size from 2 to 30mm. Based on
the information obtained from MRI in both these patient
populations, some women were able to contemplate
breast-conserving therapy for the treatment of their pre-
sumed occult breast cancer. Thus, performing MRI of the
breast in women presenting with axillary metastases from
breast cancer has the potential not only to detect disease
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but, in many cases, to obviate the need for a patient to
undergo a mastectomy for treatment.

3. Continuing Surveillance of the Breast
Cancer Patient

It is clear from the above information that MRI can have
a significant impact on the decision-making process the
surgeon faces in dealing with local control issues in 
the breast cancer patient. But what is the role of MRI in
the continued surveillance of the breast patient? In most
instances, the breast surgeon, in conjunction with the
medical oncologist, is principally responsible for the con-
tinued evaluation of the breast. In many respects, the
patient who has already been treated for a breast cancer
is at the highest risk for development of a subsequent
breast cancer. With the increasing frequency of breast-
conserving therapy, screening for local recurrences, which
occur in approximately 10% of patients, is extremely
important. Additionally, the risk of subsequent contralat-
eral disease varies from 15% to 20% in the breast cancer
patient without a genetic abnormality to as high as 60% in
those patients who have a genetically inherited predispo-
sition for the development of breast cancer.31,32 These sta-
tistics underscore the need for careful evaluation of the
treated and the untreated breast posttreatment for breast
cancer.

Even years after radiation therapy was administered as
part of breast conservation therapy, the treated breast can
develop fat necrosis, a condition that mimics a recurrence
in that breast. Often, the patient presents with a tender
mass at the site of prior lumpectomy. Mammographic and
ultrasonographic findings in such situations may be equiv-
ocal. However, there appear to be several characteristics
features of this condition that may be visible on MRI.33,34

Alternatively, MRI may show findings suspicious for recur-
rence, and support the need for biopsy.

Research is also ongoing as to the role of MRI in eval-
uating a mastectomy site after reconstruction with auto-
genous tissue. In one study of 23 patients who underwent
mastectomy with autogenous tissue reconstruction, the
MRI was able to clearly delineate the tissue that was trans-
ferred to the site from that which was native to the site.35

While further study of this area is warranted, the prelimi-
nary data suggest that MRI can provide a helpful tool in
the evaluation of the reconstructed breast.

As indicated previously, it is important to consider any
woman who has already developed breast cancer as
someone who is at greater than average risk of developing
cancer in the contralateral breast. Furthermore, the great-
est risk of contralateral disease exists in a population that
is quite young at the time of initial diagnosis. Young age at
diagnosis increases the likelihood that any subsequent
cancer might be hidden in extremely dense breast tissue.

Because of this, more intensive screening of the contralat-
eral breast with MRI may be considered in many of these
patients.

4. Magnetic Resonance Imaging Guided
Needle Localization: Technical
Considerations for the Surgeon

Use of breast MRI in the scenarios discussed leads to
detection of lesions that cannot be identified by mam-
mography, sonography, or physical examination. For MRI-
detected lesions warranting tissue diagnosis, biopsy must
be guided by MRI, either with MRI-guided needle biopsy
or MRI-guided needle localization (Figures 18.1 through
18.4). Recognizing the increasing role of breast MRI in the
practice of the surgeon, there are several key technical
points that should be made about surgical excision after
MRI-guided needle localization.

Unlike most needle localization procedures, in which the
most direct path to the lesion is taken when the localiza-
tion wire is placed, the localization wires placed under
MRI guidance often traverse a significant amount of the
breast tissue. This occurs because the simplest way to
perform the MRI-guided localization is to have the patient
prone at the time of the localization procedure, thus ren-
dering the medial breast relatively inaccessible. If the
localizing wire was placed from a lateral approach for a
medial lesion, the surgeon must bear in mind that the inci-
sion to be made should be over the end of the wire, not the
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Figure 18.1. Intraoperative photograph of a women having sur-
gical excision after MRI-guided needle localization. The wire,
not seen on this image, was placed from a lateral approach. A
periareolar incision is made to gain access to the lesion.
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Figure 18.2. Intraoperative photograph showing removal of the
tissue specimen after MRI-guided needle localization.

Figure 18.3. Intraoperative photograph of the specimen
obtained after MRI-guided needle localization and surgical exci-
sion. The wire has been excised with the specimen. Specimen
radiography (not shown) can confirm retrieval of the intact wire,
but will not demonstrate the MRI-detected lesion, which was
mammographically occult.

Figure 18.4. Intraoperative photograph of the breast after com-
pletion of MRI-guided localization and surgical excision. Sterile
strips have been placed and a sterile dressing has been applied.

entrance point. If this is not taken into consideration, the
surgeon could easily need to tunnel through a large area
of breast tissue, increasing the risk of both infection and
bleeding.

While the surgeon does not want to remove a large
portion of tissue en route to the wire, it is important to con-
sider performing a slightly more generous excision of the
area in question than might be performed with either
mammographic or sonographic localization. This is impor-
tant due to the inability to visualize the lesion in question
once the tissue is removed. Unlike mammographically or

sonographically guided localization, in which specimen
radiography or sonography, respectively, can confirm
lesion retrieval, confirmation of removal of an MRI-
detected lesion only comes with pathologic analysis. The
surgeon is more likely to obtain the tissue in question with
a wider excision.

When performing excision after MRI-guided needle
localization, surgeons must also consider some of the
unique properties of the localization wire. In contrast to
the wire commonly used for mammographic and sono-
graphic localization procedures, the titanium wire necessi-
tated by its nonferrous (and thus nonmagnetic) nature is
not as strong. This has several implications. First, if there is
significant torque placed on the wire during the procedure,
it can actually break. Second, the tip on the hook-end of
the wire has more of a tendency either to break or to be
cut during these procedures. Thus, it is extremely impor-
tant to evaluate the wire after removal from the patient to
determine that it is intact. One final property of the wire
that is of importance is its heat-conductive properties.
These titanium wires appear to have less resistance to heat
conduction than the standard wire (G. Simkovich, PhD,
personal communication) and, because of this, can trans-
mit burns to the patient if electrocautery is used near them.
For this reason, it is more appropriate to use a scalpel or
sharp dissection scissor rather than cautery to remove the
tissue in question.

5. Conclusions

Breast MRI can detect cancers that cannot be found by
mammography or physical examination. However, breast
MRI can have false-positive results. At our institution,
among women who had high-risk screening breast MRI, a



biopsy was recommended in 17%; cancer was found by
MRI in 4%.15 Among women with cancer who had con-
tralateral breast MRI, a biopsy was recommended based
on MRI findings in 32%; contralateral cancer was found
by MRI in 5%.20 Among women with cancer who had ipsi-
lateral breast MRI, a biopsy was recommended based on
MRI findings in 51%; additional sites of ipsilateral cancer
were found by MRI in 27%.21

A surgeon who orders breast MRI should be aware of
these data, and, perhaps even more importantly, should be
aware of the outcomes from breast MRI at his or her own
institution. The patient should understand the likelihood
that breast MRI may lead to other tests, such as biopsy. In
this manner, an informed decision can be made by the
surgeon and the patient regarding whether to proceed with
breast MRI.A surgeon who orders breast MRI should also
be prepared to perform biopsy of nonpalpable, MRI-
detected lesions that cannot be visualized by mammogra-
phy or sonography.

As more is learned about MRI of the breast, more appli-
cations for its use in the management of the breast patient
become apparent. For the surgeon who is intimately
involved in all aspects of the care of such patients, under-
standing these potential applications and the technical
issues involved with MRI-guided breast biopsies is becom-
ing increasingly important. It is likely that breast MRI will
have even greater impact as the technology disseminates,
particularly methods for performing localization and
biopsy under MRI guidance.
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Magnetic resonance imaging (MRI) can detect breast
cancer that is mammographically and clinically occult.
Although MRI has high (94%–100%) reported sensitivity
in breast cancer detection, the reported specificity is lower
(37%–97%).1 Specificity can potentially be improved by
careful analysis of lesion morphology and kinetics.
However, definitive diagnosis of MRI-detected lesions that
are suspicious or highly suggestive of malignancy requires
biopsy. A breast MRI program should have capability for
tissue sampling of lesions detected by breast MRI.

Magnetic resonance imaging guided localization 
presents numerous challenges.2 Magnetic resonance
imaging is usually performed with the patient prone, a
position that enables ready access to the lateral but not 
the medial breast. In closed magnet systems, the patient
must be removed from the magnet to gain access to the
breast for localization. Lesion visibility often decreases
with time after contrast injection as contrast washes out of
the lesion and into the surrounding breast parenchyma.
For MRI-guided surgical biopsy, confirmation of lesion
retrieval is difficult because the lesion does not enhance 
ex vivo.

In spite of these challenges, several authors have
reported success with MRI-guided needle localization for
surgical biopsy3–13 (Table 19.1). In published series of MRI-
guided needle localization, the technical success rate was
98% to 100%; histologic analysis revealed cancer in 31%
to 73% [of which up to half were ductal carcimoma in situ
(DCIS)], and high-risk lesions such as atypical ductal
hyperplasia (ADH) or lobular carcinoma in situ (LCIS) in
up to 29% (Table 19.1). This chapter addresses equipment
considerations for MRI-guided localization, discusses tech-
nique and results of MRI-guided needle localization for
surgical biopsy using commercially available equipment at
our institution, and makes suggestions for approaching
specific challenging clinical situations.

1. Equipment Considerations

1.2. Closed Versus Open Magnets

Magnetic resonance imaging guided intervention requires
imaging systems that allow visualization of small lesions
with high spatial resolution to enable accurate needle
placement, and that perform rapidly enough to allow
dynamic as well as morphologic data and to minimize the
procedure time. The 1.5 Tesla (T) closed magnets allow
high signal-to-noise ratio and visualization of small lesions
and have been validated for MRI-guided intervention.14

Open magnets have potential advantages, including access
to the breast from all angles and interactive real-time visu-
alization of needle placement. However, closed magnets
are more ubiquitous, have higher field strength and better
field homogeneity, and are the systems for which most val-
idation data exist for MRI-guided intervention. A system
for MRI-guided biopsy must incorporate the possibility of
performing biopsy in a closed system, requiring that the
patient be removed from the bore of the magnet to gain
access to the breast for the interventional procedure.

1.2. Free-Hand Versus Grid Compression

Magnetic resonance imaging guided interventions can be
performed free-hand9,15 or by using guidance methods,
such as compression grid systems, that allow coordinates
to be obtained.12 The free-hand method has the advantage
of allowing the needle to be angled, because it is not in a
fixed orientation, but the potential disadvantage of a long
examination time because repeat imaging is necessary to
confirm needle placement. Open magnets that allow real-
time imaging may be most amenable to the free-hand
approach, as repositioning the needle and confirming
needle location can be performed faster. For closed
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Table 19.1. MRI-Guided Localization: Published Experience

Time
No. No. High (min)

Size (cm) Successful Cancer Invasive DCIS Risk (Mean
Study/Year N Needle (Mean Range) (%) (%) (%) (%) (%) Range)

Heywang- 11 NS 1.4 (0.6–1.5) 11 (100) 8 (73) 6 (55) 2 (18) 0 (0) <1h
Kobrunner
et al./19943

Orel et al./ 11 18G 0.9 (0.3–2.0) 11 (100) 5 (45) 3 (27) 2 (18) 1 (9) NS
19944

Fischer et al./ 15 NS NS 15 (100) 5 (33) 5 (33) 0 (0) 0 (0) NS
19955a

Fischer et al./ 28 19.5G NS 26 (93) 12 (43) 9 (32) 3 (11) 8 (29) 60 (40–90)b

19956a

Doler et al./ 23 19.5G NS 23 (100) 10 (43) NS NS NS NS
19967a

Kuhl et al./ 97 NS NS 95 (98) 53 (55) 42 (43) 11 (11) 14 (14) 40 (30–60)
19978

Daniel et al./ 19 20/21G 0.9c (0.3–6.0) 19 (100) 8 (42) 5 (26) 3 (16) 2 (11) 64 (up to 90)d

19989

Fischer et al./ 130 NS NS 127 (98) 64 (49) 58 (45) 6 (5) 2 (2)e NS (30–60)f

199810a

Orel et al./ 137 20G 1.2 (0.3–7.0) 134 (98) 57 (42) 40 (29) 17 (12) NS NS
199911

Morris et al./ 101 18/20G 1.1g (0.2–8.0) 101 (100) 31 (31) 16 (16) 15 (15) 9 (9) 31g (15–59)
200212

Taourel et al./ 264 NS NS 259 (98) 95 (36) 76 (29) 19 (7) 6 (2) NS
200213

Abbreviations: N, number of lesions; NS, not stated. Percentages reflect proportion of all lesions (N). DCIS, ductal carcinoma in situ. High-risk lesions
include atypical ductal hyperplasia (ADH), atypical lobular carcinoma (ALH), lobular carcinoma in situ (LCIS), and radial scar.
a There may be overlap between cases in Refs. 5–7 and 10, hence numbers should not be added together in meta-analysis.
b Reflects time average and range for all MR interventions (fine needle aspiration biopsy or localization).
c Approximate median: 10 (53%) of 19 lesions were smaller than 0.9cm.
d Reflects total time that patient was in MR suite. Lower end of range not stated. Time from selection of skin entry site to deployment of hookwire
was 60min or less in all cases and averaged 17min.
e Includes two radial scars. An additional 18 benign lesions classified as “dysplasia” are not included as high-risk lesions.
f Reflects time average and range for all MR interventions (fine needle aspiration, core biopsy, or localization).
g Median, not mean.

magnets, grid systems that allow more accurate initial
needle placement may be preferable (Figure 19.1).

1.3. Prone Versus Supine Positioning

Breast MRI-guided intervention can be performed with
the patient prone or supine. Although supine positioning
has been used by some investigators,7,16 prone positioning
is usually preferable because breast coils may be used in
the prone position; furthermore, the breast is pendant and
away from the chest wall and needle direction is parallel
to the chest wall. Some investigators have suggested that
the prone oblique position facilitates access to the poste-
rior tissues and axillary tail.8

1.4. Breast Immobilization

Breast immobilization is important in MRI-guided inter-
vention for several reasons. Often the lesion becomes less

evident during the procedure due to the transient nature
of contrast enhancement; it is therefore essential to iden-
tify the lesion at the outset of the procedure and then to
ensure that the lesion remains fixed in position. Further-
more, MRI-compatible needles are traditionally not as
sharp as their non-MRI counterparts; breast immobiliza-
tion is therefore necessary to help minimize lesion motion
during needle placement. In addition to immobilizing the
breast, mild compression may enable the entire breast to
be imaged with fewer sagittal slices, shortening procedure
time. It is important not to use excessive compression,
which has been reported to interfere with lesion enhance-
ment and visualization.8,17

Immobilization of the breast can be achieved by a ther-
moplastic mesh18 or by immobilizing the breast between
two compression plates3 (Figure 19.1).4,12 Compression
plates, which allow access to the breast parallel to the
direction of compression, are usually oriented in the medi-
olateral plane, although some noncommercially available
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Figure 19.1. Equipment for MRI-guided needle localization. (A) Double
breast coil (Open Breast Coil [Model OBC–63] MRI Devices, Waukesha,
Wis.) in position in 1.5T magnet (Signa, General Electric, Milwaukee, Wis.).
For interventional MRI examinations, as for diagnostic studies, the patient
lies prone with the breast, having biopsy breast in the dedicated breast coil,
and enters the magnet feet first. (B) Breast MRI coil with compression grid
(Biopsy Positioning Device Model MR-BI-160, MRI Devices) in place. (C)
Close-up of compression grid for MRI-guided needle localization. This grid
has crosshatches laterally and a flat plate medially. (D) Compression grid
for MRI-guided localization with needle guide in place. The needle guide
has multiple parallel holes that allow access for the localizing needle. (E)
One of several commercially available MRI-compatible needle and wire
combinations available for MRI-guided needle localization procedures (MR
eye, Cook, Bloomington, Ind.). Useful features of this system include the 
1-cm marks on the needle shaft, an adjustable plastic depth stop on the
needle that can be set to the appropriate depth, and a reinforced portion
(arrows) of the localizing wire.

A

B C

D E



systems allow compression in the craniocaudal direction.8

Compression plates have been manufactured with perfo-
rated holes,4 flexible horizontal bands,19 or fixed grid lines.12

A breast biopsy coil is now available (Biopsy Breast Array
Coil [model BBC] MRI Devices, Waukesha, Wis.) that has
removable compression plates, enabling access to both the
medial and lateral side of the breast with the patient in the
prone position.

1.5. Fiducial Markers and Needle Guides

To accurately place a needle, the position of the lesion
must be related to the overlying grid system. This can be
accomplished by placing a fiducial marker on the grid
system, usually close to the expected lesion location. The
fiducial marker can be a vial filled with gadolinium-
diaminotetra-ethyl penta-acetic acid (DTPA) or copper
sulfate (CuSO4) inserted into one of the grid holes or a
vitamin E capsule taped to the grid and skin.12 The fiducial
marker is visualized as high signal on initial postcontrast
images; needle insertion site can then be determined by
measuring the lesion location relative to the fiducial
marker. The depth of the lesion from the level of the grid
and skin surface is calculated by multiplying the number
of sagittal slices by the slice thickness.

To place the needle in the breast, an opening in the com-
pression paddle is necessary. This can be accomplished in
several ways. Grid systems may enable compression to be
maintained while allowing a needle guide to be inserted into
the desired hole to facilitate needle placement12 [Figure
19.1(D)]. Alternatively, the compression paddle itself may
have perforated holes.4 Guidance for needle placement, by
means of separate needle guide or holes in the compression
plate, allows the needle to be straight and parallel to the
chest wall. For free-hand localization procedures, the large
opening in the compression paddle allows access but does
not provide comparable breast immobilization.

1.6. Magnetic Resonance Imaging 
Compatible Needles

A variety of needles are now commercially available for
MRI-guided needle localization [Figure 19.1(E)]. Conven-
tional ferromagnetic needles cannot be used for MRI-
guided localization procedures due to the high magnetic
field. Nonferromagnetic materials such as stainless steel
produce severe artifacts. Certain alloys and ceramic mate-
rials are ideal for use in MRI-guided interventions. Mate-
rials with increased nickel content such as iconel and other
high nickel and low susceptibility alloys generate less arti-
fact. Titanium wires and needles also have fewer artifacts
but are difficult to manufacture and are less rigid than the
alloys. Nonmetallic materials such as plastics and ceramics

may produce less artifact and are being investigated.
Although artifact can be bothersome, artifact can be used
to recognize the location of the wire or needle on MRI
studies; the concept of controlled artifact should be con-
sidered in equipment design and selection of MRI 
intervention.

2. Breast Magnetic Resonance 
Imaging Technique and Interpretation 
at Memorial Sloan-Kettering 
Cancer Center

2.1. Breast Magnetic Resonance 
Imaging Technique

At our institution, diagnostic MRI examinations are per-
formed with the patient prone in a 1.5T commercially
available system (Signa, GE Medical Systems, Milwaukee,
Wis.) using a dedicated surface breast coil. For most exam-
inations to date, our imaging sequence has included a 
localizing sequence followed by a sagittal fat-suppressed
T2-weighted sequence [4000/85 (repetition time msec/echo
time msec)]. A T1-weighted three-dimensional, fat-sup-
pressed fast spoiled gradient echo [17/2.4 (repetition time
msec/echo time msec); flip angle, 35 degrees, bandwidth
31.25] sequence is then performed before and three times
following a rapid bolus injection of 0.1mmol/L gadopen-
tetate dimeglumine (Magnevist®) per kilogram of body
weight. Contrast material is administered as a rapid bolus
injection through an indwelling intravenous catheter.
Image acquisition starts immediately following contrast
material injection and saline bolus. Images are obtained
sagittally, for an acquisition time per volumetric acquisi-
tion approximately 2min each. Total imaging time for 
bilateral breast MRI with all sequences, including three
postcontrast acquisitions, is approximately 35–40min.

Section thickness is 2–3mm without gap, using a matrix
of 256 ¥ 192 and field of view of 18–22cm. Frequency is in
the anterior-posterior direction. Following the examina-
tion the precontrast images are subtracted from the first
postcontrast images on a pixel-by-pixel basis. Maximum
intensity projection (MIP) images are obtained in all
examinations. Other MRI scanning protocols at our insti-
tution are discussed in Chapter 3.

2.2. Interpretation of Breast Magnetic
Resonance Imaging Examinations

At our institution, breast MRI examinations are inter-
preted according to previously published criteria.20 Studies
are reviewed on soft copy using a picture archive and com-
munication system (PACS; GE Medical Systems) that
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allows manual windowing and optimization of parameters.
Magnetic resonance imaging examinations are interpreted
in conjunction with other breast imaging studies, including
mammograms and sonograms, when available. Mammo-
graphic parenchymal density is described on a scale of 1 to
4, where 1 is predominantly fatty, 2 is scattered fibro-
glandular densities, 3 is heterogeneously dense, and 4 is
dense, as per the Breast Imaging Reporting and Data
System (BI-RADSTM).21

For MRI-detected lesions, level of suspicion is reported
on a scale of 0 to 6 identical to the lesion assessment 
categories used in the BI-RADS lexicon.21 Numerical
categories are 0, needs additional imaging evaluation; 1,
normal; 2, benign; 3, probably benign, recommend 6-month
follow-up MRI; 4, suspicious; 5, highly suggestive of malig-
nancy, or 6, proven cancer. Morphologic patterns that are
referred for biopsy generally include spiculated or irregu-
lar margins, heterogeneous or rim enhancement or
clumped enhancement in a ductal or segmental distribu-
tion.20,22–26 Tiny foci of enhancement or stippled enhance-
ment are morphologic features that do not generally
prompt biopsy. Masses with smooth borders and homoge-
neous enhancement may be referred for biopsy, at the dis-
cretion of the radiologist interpreting the study.
Classification is based primarily on lesion morphology, but
kinetic features are visually assessed on the three post-
contrast image acquisitions.22 Quantitative kinetic curves
are generated in specific cases at the request of the inter-
preting radiologist, such as for lesions with morphologic
features considered to be probably benign.27,28

2.3. Correlative Sonography

For lesions interpreted as suspicious or highly suggestive
of malignancy at MRI, correlative sonography is often per-
formed to determine if the lesion is amenable to tissue
sampling under sonographic guidance. If the lesion is not
seen at sonography, MRI-guided localization is recom-
mended. If the lesion is reliably identified by sonography
or mammography, biopsy is usually performed under the
guidance of those imaging modalities.

Some investigators have reported a sonographic corre-
late in up to 100% of MRI-detected lesions referred for
biopsy.29,30 However, in our experience, a sonographic cor-
relate was found in only 23% of MRI-detected lesions
referred for biopsy.31 Although the frequency of cancer was
higher among lesions that had sonographic correlates as
compared with lesions that did not (43% vs. 14%, P = 0.01),
absence of a sonographic correlate did not spare the need
for biopsy of a suspicious MRI-detected lesion.31 The lack
of a sonographic correlate in a high proportion of MRI-
detected lesions warranting biopsy emphasizes the impor-
tance of the capability to perform biopsy of lesions
detected by MRI only.

3. Magnetic Resonance Imaging Guided
Localization Technique

3.1. Positioning and Compression

At our institution, MRI-guided needle localization is per-
formed as previously described12 with the patient prone 
in a 1.5T magnet (Signa, GE Medical Systems) using a
dedicated breast surface coil (Open Breast Coil [Model
OBC–63] or Biopsy Breast Array Coil [Model BBC], MRI
Devices, Waukesha, Wis.). The breast undergoing localiza-
tion is placed in a dedicated biopsy compression device
using a commercially available grid-localizing system or 
a slightly modified design of the commercially available
model (Figure 19.2). In most cases, the medial aspect of the
breast is first positioned flush against a compression plate.
A lateral crosshatched grid is then firmly adjusted to
immobilize the breast. A vitamin E capsule is used as a
fiducial marker and is taped to the lateral grid over the
expected lesion site, based on review of the diagnostic MRI
examination (Figure 19.2C).

3.2. Imaging Before Needle Placement

An axial localizing T1-weighted MRI sequence is
obtained, and the volume of interest selected to include the
compression device and the vitamin E marker that is taped
to the lateral grid (Figure 19.3A). Gadopentetate dimeg-
lumine (Magnevist®), 0.1mmol/L per kilogram of body
weight, is then injected intravenously as a rapid bolus
injection through an indwelling intravenous catheter. No
precontrast image is obtained during the localization pro-
cedure, although such images were part of the initial diag-
nostic MRI examination.

Image acquisition starts immediately following contrast
injection, using a three-dimensional, fat-suppressed fast
spoiled gradient-recalled echo [17/2.4 (repetition time
msec/echo time msec); flip angle, 35 degrees] sequence,
with images obtained in the sagittal plane. Time of acqui-
sition, usually less than 1min, is variable, depending on the
size of the breast and area covered. Section thickness of
approximately 3mm without gap, with a 256 ¥ 192 matrix
and a field of view of 18–22cm, is used.

3.3. Determining Lesion Location

Images are reviewed at the workstation (Figure 19.3B). A
cursor is placed over the lesion on the monitor, and its rela-
tionship to the skin surface and the vitamin E marker is
determined by manually scrolling through sequential sagit-
tal slices. The grid of the compression device is evident as
low-signal intensity lines at the skin surface due to pres-
sure indentation (Figure 19.3C); the plastic of the com-
pression device is not visible on MRI. The vitamin E
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Figure 19.2. A 56-year-old woman with family history of breast
cancer and prior biopsy showing atypia, who had abnormal breast
MRI examination. (A) The patient is positioned prone with her
breast in the dedicated breast coil. (B) The breast is positioned
within the compression grid. This grid represents a slightly mod-
ified, earlier version of the grid shown in Figure 19.1. (C) A
vitamin E capsule has been taped over the expected lesion site,

based on review of MRI images. (D) After obtaining and review-
ing axial localizing images to ensure that the breast and vitamin
E marker are optimally included in the field of view, intravenous
gadolinium is injected. (E) The expected lesion site is marked
with a pen, based on review of MRI study after contrast injection
on the day of the localization. (F) Local anesthesia is injected
over lesion site.

A B
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(Continued)
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Figure 19.2. (Continued) (G) The localizing needle is placed, and
its accurate position verified with repeat MRI. In this case,
because the lesion was superficial, the radiologist elected to place
the needle without using the needle guide. (H) If needle position
is appropriate, the wire is deployed and the needle is removed.
(I) The wire is left in place, and its accurate position confirmed
with repeat MRI. (J) After appropriate wire position is docu-

mented, the grid compression is removed, with the wire in place.
Postlocalization two-view mammogram will be performed to
demonstrate the location of the wire within the breast
parenchyma and with respect to the nipple and chest wall.
Labeled mammogram films are sent with the patient for use
during surgery.

capsule is identified as an area of high signal intensity at
the skin surface (Figure 19.3D). The skin entry site is
determined based on visual assessment of the location of
the lesion with respect to the grid lines, using the vitamin
E capsule as a guide. The depth of the lesion from the skin
surface is calculated as the difference between the depth
of the skin surface and the depth of the sagittal slice con-
taining the lesion.

After calculating the entrance site and lesion depth, the
patient is withdrawn from the magnet. A mark is made on
the skin overlying the lesion, and the skin is cleansed with
alcohol and anesthetized with 1 to 2mL 1% lidocaine HCl
(Xylocaine®). A needle guide that is provided with the
grid compression system can then be inserted into the grid
hole overlying the anesthetized area.The needle guides are
manufactured to have 18- or 20-gauge holes to accommo-
date various needle sizes. The needle guide is used to
anchor and stabilize the needle and to enable insertion of
the needle in a straight, perpendicular approach, without
angulation. The MRI-compatible needle/hookwire (Leloc,

18 or 20 gauge, MRI Devices Daum Gmbtl; MRI Breast
Lesion Marking System, 20 gauge, E-Z-EM Inc, Westbury,
NY; or MReye, 20 gauge, Cook, Bloomington, Ind.) is then
placed in one of the holes (through the needle guide, if
used), closest to the marking on the skin.

The needle is inserted to the desired depth, approxi-
mately 5 to 10mm deep to the lesion. If the needle guide
is used, the radiologist must take into account the thick-
ness of the needle guide attached to the grid, approxi-
mately 20mm. For example, if the lesion is five slices deep
to the skin, then the depth of insertion using the needle
guide, in millimeters, is (5 ¥ 3) + 20 + 10 = 45mm, where 
5 ¥ 3 indicates 5 slices each 3mm thick, 20 is the thickness
of the needle guide in the grid, and 10mm is the desired
depth of the tip of the wire beyond the lesion.

In some instances, the radiologist may choose to perform
MRI-guided needle localization without the needle guide.
The needle guide stabilizes the needle and increases the
likelihood that it is straight, but deprives the radiologist of
the opportunity to see exactly when the needle is piercing

H
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Figure 19.3. Representative images from left breast MRI-guided
localization procedure in a 58-year-old woman who had a prior
right mastectomy and reconstruction. (A) Axial localizing images
show that the left breast is being gently compressed, as evidenced
by slight flattening of the skin surface. The indentations of the
grid lines are subtly seen at the lateral aspect of the breast, as is
the vitamin E marker (arrow). (B) Sagittal MRI of the left breast
after injection of intravenous gadolinium shows an enhancing
mass in the inferior left breast. (C) Sagittal MRI of the left breast,
more lateral image, shows the low signal intensity indentations of
the grid lines on the skin. This slice is taken to represent the skin

surface, and the depth of the lesion is calculated with respect to
this level. For example, if the sagittal slice demonstrating the
lesion is located 5 slices deep to this slice, then the depth of the
lesion from the skin is 5 slices ¥ 3mm/slice = 15mm. The desired
location of the wire tip is 5 to 10mm deep to the lesion. (D) Sagit-
tal MRI of the left breast, even more lateral image, shows the
high signal intensity vitamin E marker, which has been taped to
the grid at the expected lesion site. The skin entry site is deter-
mined by scrolling back and forth on the workstation and relat-
ing the portion of the grid overlying the lesion to the portion of
the grid containing the vitamin E marker.

A B

C D

(Continued)
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Figure 19.3. (Continued) (E) Sagittal MRI after needle place-
ment shows the low signal intensity artifact from the needle
immediately adjacent to the mass. The depth of the needle tip is
determined by scrolling through sequential sagittal slices. (F)
Sagittal MRI after wire deployment shows the low signal inten-
sity artifact from the deployed wire at the posterior aspect of the
lesion. (G) Mediolateral oblique view from two-view left mam-
mogram obtained after localization shows the localizing wire in

place. The reinforced portion is within a patchy area of
parenchyma that was unaltered from multiple prior mammo-
gram. (H) Craniocaudal view from two-view left mammogram
again shows the deployed wire. (I) Specimen radiograph confirms
retrieval of the localizing wire. Soft tissue density is present in the
specimen, but no discrete mass is seen. Histologic analysis yielded
infiltrating lobular carcinoma, for which the patient underwent
subsequent mastectomy.
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the skin rather than simply displacing it. It may be rea-
sonable to forego the needle guide if the lesion is superfi-
cial and may be particularly helpful to forego the needle
guide in specific scenarios, such as a lesion close to an
implant. If the needle guide is not used, the radiologist
simply inserts the needle to the desired depth, approxi-
mately 5 to 10mm deep to the calculated depth of the
lesion.

3.4. Imaging After Needle Insertion

Sagittal T1-weighted images are then obtained to docu-
ment the location of the needle. The needle is evident as a
low signal intensity structure with adjacent susceptibility
artifact [Figure 19.3(E)]. Visualization of the target lesion
might be compromised by needle artifact on these images,
especially if the lesion is small. Surrounding anatomic land-
marks can be useful when verifying lesion depth. Also, the
lesion may be less conspicuous due to washout of contrast
material. However, identification of the target site is gen-
erally not a problem due to the ability to localize the lesion
location relative to the vitamin E marker and the location
of the tip relative to the desired depth, as well as analyz-
ing surrounding landmarks. If the needle is too deep or too
superficial, adjustments are made. When the needle tip is
in good position, the wire is deployed by advancing the
wire to the mark, indicating that the tip had emerged from
the needle. The needle is then removed, leaving the wire
in place, and a final series of T1-weighted images are
obtained to document wire position [Figure 19.3(F)].

After localization, a two-view mammogram is obtained
so that the surgeon can see the location of the wire with
respect to the nipple, the chest wall, and the remainder of
the breast tissue [Figure 19.3(G) and 19.3(H)]. These films
are labeled, a labeled diagram is drawn, and the labeled
films and diagram are sent to surgery with the patient.
Specimen radiography can be performed to document
retrieval of the localizing wire, but the lesions undergoing
MRI-guided localization are generally not seen on the
mammogram and are not identified on the specimen radi-
ograph [Figure 19.3(I)].

4. Magnetic Resonance Imaging Guided
Needle Localization: Memorial Sloan-
Kettering Cancer Center Experience

4.1. Patient and Lesion Characteristics and
Indications for Magnetic Resonance Imaging

In a study of 101 consecutive lesions in 69 women who had
MRI-guided needle localization at Memorial Sloan-
Kettering Cancer Center during a 17-month period,12

median age of women was 51 years (range, 28–79y). Mag-
netic resonance imaging guided localization was per-
formed of a single lesion in 49 women and of two or more
lesions in 20 women. Among 20 women with multiple
(median, 2; range, 2–5) lesions, the lesions were unilateral
in 17 and bilateral in 3; lesions were synchronous in 18 and
metachronous in 2.12

The first 22 lesions had localization under an Institu-
tional Review Board approved protocol that required a
mammographic correlate for the MRI lesion; in these
cases, the decision to biopsy had been made based on the
findings at mammography. Among the subsequent 79
lesions, 1 had a mammographic correlate, 1 had both a
mammographic and a sonographic correlate, and 1 had a
sonographic correlate but no mammographic correlate; in
these three women, MRI-guided localization was per-
formed because of the existence of synchronous ipsilateral
lesions identified only by MRI. Therefore, MRI guidance
was necessary for localization in 76 (75%) of 101 lesions
in the study. The indication for MRI that led to the detec-
tion of these 101 lesions was high-risk screening in 35
(35%), extent of disease assessment in a woman with
known cancer in 35 (35%), and problem solving in 31
(31%).

4.2. Lesion Size and Location and 
Breast Density

In our study of 101 lesions that had MRI-guided needle
localization for surgical biopsy, median lesion size was
1.1cm (range, 0.2–8.0cm).The lesion was located in the left
breast in 53 (52%) and in the right breast in 48 (48%)
lesions; 68 (67%) were lateral and 33 (33%) were medial.
Breast parenchymal density was classified as ACR class 1
(fatty) in one (1%) lesion, class 2 (scattered fibroglandu-
lar densities) in 23 (23%) lesions, class 3 (heterogeneously
dense) in 53 (52%) lesions, and class 4 (dense) in 24 (24%)
lesions.

4.3. Histologic Findings

Histologic analysis of 101 lesions excised after MRI-guided
needle localization revealed cancer in 31 (31%) lesions,
high-risk lesions (LCIS or ADH) in 9 (9%), and benign
findings in 61 (61%) (Table 19.1).12 Cancer was found in 9
(38%) of 24 MRI lesions that had mammographic corre-
lates and in 22 (29%) of 77 MRI lesions without mammo-
graphic correlates (P = 0.57).

Among 31 cancers, histologic findings were DCIS in 15
(48%) and invasive carcinoma in 16 (52%). Invasive
caancers ranged in size from 0.1 to 2.0cm (median, 1.2cm).
Histologic findings in 16 invasive cancers were invasive
ductal carcinoma and DCIS in 8 (50%), invasive lobular
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cancer in 4 (25%), invasive ductal and lobular cancer and
DCIS in 3, and invasive ductal carcinoma in 1 (6%).

4.4. Positive Predictive Value in 
Different Patient Subgroups

Cancer was found in 16 (46%) of 35 lesions referred for
MRI-guided localization in women who had MRI for
extent of disease assessment, 10 (32%) of 31 lesions
referred for MRI-guided localization in women who had
MRI for problem-solving, and 5 (14%) of 35 lesions
referred for MRI-guided localizing in women who had
MRI for high-risk screening.

The likelihood of cancer at MRI-guided localization was
significantly higher if the indication for the diagnostic MRI
examination was extent of disease assessment or problem-
solving rather than high-risk screening (26/66 = 39% vs.
5/35 = 14%, P < 0.02). Of 16 cancers diagnosed at MRI-
guided localization in women who had MRI for extent of
disease assessment, the cancers diagnosed after MRI-
guided localization were in the same breast as the index
cancer in 12 (in the same quadrant in 10 and in a different
quadrant in 2) and in the contralateral breast in 4.

4.5. Procedure Time, Accuracy,
and Complications

The median time to perform MRI-guided needle localiza-
tion was 31min (range, 15–59min). The median distance
between the depth of the wire tip and the depth of the
lesion was 1.0cm (range, 0.0–3.4cm). In 90 lesions in which
the distance could be determined, the distance between the
depth of the wire tip and the depth of the lesion was 1.0cm
or less in 48 (53%) lesions, 1.1 to 2.0cm in 41 (46%) lesions,
and more than 2.0cm in 1 (1%) lesion.

Complications occurred in 3 (3%) of 101 lesions. In one
woman who had MRI-guided needle localization of a soli-
tary unilateral lesion, the wire tip broke off in the breast
during deployment, requiring placement of a second wire;
the tip, which was immediately adjacent to the lesion site,
was successfully removed at surgery. In two other women,
postoperative mammogram showed a retained wire frag-
ment adjacent to the benign biopsy site. The reason for
wire breakage is unknown, but our surgeons’ impression is
that some of the wires used for MRI-guided localization
are weaker than those used for mammographically guided
needle localization, with a propensity to break when
approached by cautery. No other complications were
encountered.

4.6. Follow Up

In all cases, surgical histology and imaging findings were
considered concordant. Specimen radiography, performed

in 13 lesions with mammographic correlates, confirmed
lesion retrieval in all. Of the 101 lesion sites, 15 were not
available for imaging follow up because the patient had
ipsilateral mastectomy, due to ipsilateral cancer (n = 13) or
prophylactically (n = 2). Postoperative MRI data are avail-
able in 33 (38%) of the remaining 86 lesion sites, including
19 (34%) of 55 lesions that yielded benign findings and 14
(45%) of 31 lesions that yielded carcinoma. The median
time from surgery to the first follow-up MRI examination
was 8 months (range, 1–24mo).

Postoperative MRI of 33 lesion sites suggested complete
excision of the MRI lesion in 29 (88%), partial lesion exci-
sion in 3 (9%), and a missed lesion in 1 (3%). In three
lesions that yielded cancer at surgery, postoperative MRI
confirmed partial excision of the lesion but suggested pos-
sible residual disease. These three lesions occurred in two
women, both of whom had undergone MRI-guided needle
localization of multiple synchronous lesions, yielding DCIS
with close margins. Both women had subsequent re-
excision, yielding DCIS in one and benign findings in one.
In one woman with multiple synchronous lesions for which
MRI-guided localization yielding multifocal invasive
lobular cancer with positive margins, postoperative MRI
suggested persistence of one of the lesions; subsequent
MRI-guided needle localization and re-excision showed
invasive lobular cancer in an intramammary lymph node.

Thirty-five lesion sites that had neither postoperative
MRI nor subsequent mastectomy underwent postopera-
tive mammograms at a median of 9 months (range,
4–20mo) after biopsy, showing no suspicious findings.
Eighteen lesion sites were not imaged postoperatively by
mammography or MRI, but had stable clinical follow up.

4.7. Cancellations

During the time period in which these 101 lesions had
MRI-guided localization, 5 additional lesions scheduled
for MRI-guided needle localization were not visible on the
day of the procedure and therefore were not localized.
Therefore, among 106 lesions initially scheduled for MRI-
guided needle localization, the procedure was canceled in
five (5%).

These five lesions occurred in five women of median age
57 years (range, 31–71y). All five of these women still had
MRI-guided localization of other persistent suspicious
lesions in the ipsilateral (n = 3) or contralateral (n = 2)
breast. Three of these five women had follow-up MRI
(median, 4mo; range, 1–7mo), which confirmed disappear-
ance of the lesion. One woman had a follow-up mammo-
gram 5 months after attempted localization, which showed
no suspicious findings. One patient had prophylactic mas-
tectomy of the ipsilateral breast 1 month after the date 
of MRI-guided localization; no evidence of cancer was
identified.
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5. Challenging Scenarios at Magnetic
Resonance Imaging Guided Localization

5.1. Variation in Lesion Appearance and
Canceled Cases

There may be variation in the appearance of the lesion
between the diagnostic MRI examination and the images
obtained on the day of the localization procedure, even if
the diagnostic examination is performed in the same facil-
ity as the localization. This variation may be due to differ-
ence in positioning, compression, or phase of the menstrual
cycle.8,17,32 If the lesion is less conspicuous on the day of the
localization procedure, delayed postcontrast imaging may
be helpful; if the lesion is still not well seen, diminishing
the compression, administration of additional intravenous
contrast, and re-imaging may be of value. It may also be
helpful to use adjacent landmarks, as often employed
during mammographically guided needle localization of
subtle lesions.

In a small proportion of cases, the lesion will not be
evident on the initial postcontrast scan, on delayed images,
or after diminishing compression and reinjection, in spite
of a technically adequate study, as occurred 5% of lesions
referred for MRI-guided needle localization in a study
from our center.12 If the lesion cannot be identified in spite
of these maneuvers, the procedure is canceled. It is prudent
to recommend short-term follow-up MRI in this scenario.

5.2. Decreasing Lesion Conspicuity 
During Localization

The lesion undergoing MRI-guided localization may
become less conspicuous during the procedure. During the
time it takes to perform the localization, contrast may
washout from the lesion, and there may be progressive
enhancement of the surrounding parenchyma. These
factors both contribute to diminishing lesion visibility with
time during MRI-guided localization or biopsy procedures.
In order to deal with diminishing lesion conspicuity during
localization or biopsy, the best approach is to make sure
that the breast is thoroughly immobilized, to work quickly,
to use adjacent landmarks, and to consider reinjecting a
second dose of intravenous gadolinium if necessary.

5.3. Bilateral Localization

When bilateral localization is performed, one of two
methods is employed. More often, following injection of
contrast, both breasts are imaged and the lesions in each
breast are localized simultaneously. Alternatively, each
breast is imaged and localized separately, allowing for an
adequate passage of time (approximately 20min) follow-
ing the initial contrast injection so that background

parenchymal enhancement does not obscure areas of sus-
picious enhancement in the second breast, when the
patient is re-injected with contrast material for the second
localization.

5.4. Posterior Lesions

Magnetic resonance imaging guided localization of poste-
rior lesions can be difficult. In these cases, positioning of
the patient by mammography technologists experienced in
diagnostic mammography as well as stereotactic biopsy
with the patient prone can be most valuable. In some cases,
in spite of one’s best efforts at positioning, the lesion may
remain posterior and not included in the grid compression
paddle. In such cases, the needle can be placed either pos-
terior to the grid (Figure 19.4) or within the grid, as close
to the lesion as possible; if the needle is placed within the
grid, one can abandon the needle guide and (if safety
allows) slightly angulate the needle toward the chest wall.
If the wire is slightly anterior to the lesion, the radiologist
should communicate this information to the surgeon; the
surgeon can excise the wire and the tissue posterior to it
(between the wire and the pectoral muscle).

5.5. Medial Lesions

Magnetic resonance imaging guided localization of medial
lesions also poses technical challenges. Because of the
geometry of some breast coils, if the patient lies prone with
her breast in the breast coil, the needle can be placed from
a lateral approach but not from a medial approach. For
medial lesions, a lateral skin entry site is suboptimal
because it requires that the needle and wire traverse a
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Figure 19.4. Photograph of needle localization procedure in a
woman with two lesions, one of which was posterior to the local-
izing grid. Note placement of one of the two needles posterior to
the grid, to localize this posterior lesion.
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longer distance. When performing localization of medial
lesions, we have found it helpful to position the patient in
a prone oblique position rather than straight prone. For
example, to localize a lesion in the medial left breast, the
left breast can be placed in the right breast coil, making
the medial aspect of the left breast accessible (Figure 19.5).
This technique is most successful on women who are
healthy and relatively thin; hip problems may make the
oblique position less comfortable, and obesity may limit
body access to the magnet in this position. To ensure that
the images are properly acquired and annotated, the MRI
technologist must be aware that the left breast is being
imaged within the right breast coil.

A breast coil (Biopsy Breast Array Coil [Model BBC],
MRI Devices) is now available that enables medial access
with the patient in the prone position (Figure 19.6). This
may facilitate MRI-guided interventional procedures for
lesions that are in the medial aspect of the breast, although
access to posteromedial tissue is somewhat limited.

5.6. Accordion Effect

During MRI-guided localization, the wire is deployed in a
breast that is being compressed in a direction parallel to
the direction of needle placement.This allows for an accor-
dion effect: during compression, structures that were far
apart are brought close together, and when compression is
released, structures that were close together move further
apart.33 Any error in the depth direction (parallel to the
axis of needle placement) can therefore be exaggerated
when compression is released. Use of the minimal amount
of compression necessary to achieve immobilization may
minimize the likelihood of the accordion effect and may
also prevent the impairment of contrast enhancement that
has been described with excessive compression.8,17

5.7. Augmented Breasts

Like all interventions, MRI-guided interventions are chal-
lenging in augmented breasts. The informed consent con-
versation should include discussion of the possibility of
implant rupture. When performing MRI-guided needle
localization in an augmented breast, the following may be
helpful. First, when positioning the patient, one can try to
push the implant back, as if performing an Eklund view on
the mammogram. Second, consider performing the local-
ization without the needle guide. This enables the physi-
cian to know exactly when the needle is piercing the skin
rather than displacing it. Third, it may be preferable to
place the needle at the anterior aspect of the lesion, or
even anterior to the lesion, depending on the proximity of
the lesion to the implant. Fourth, axial reconstructions may
help confirm that the needle is well positioned and away
from the implant. Finally, if safe performance of wire local-

ization does not seem feasible, consider alternatives to
wire placement, such as injection of toluidine blue dye or
marking the skin over the lesion using MRI guidance.

5.8. Confirming Lesion Retrieval

Confirmation of lesion retrieval remains an issue for MRI-
guided localization. Imaging and histologic correlation
plays an important role in this procedure, as in all breast
biopsy procedures.34 Use of an MRI-compatible, mammo-
graphically evident clip that can be placed after MRI-
guided biopsy would be useful; specimen radiography
could then document retrieval of the clip.33,35 However,
because the clip can be deployed distant from the lesion
site, retrieval of the clip may support but does not confirm
retrieval of the lesion.

Postoperative MRI, which can distinguish postoperative
changes from residual tumor,36,37 may be helpful. In a study
from our institution, postoperative MRI suggested that the
lesion was completely excised in 88%, partially excised in
9%, and missed in 3%.12 The 3% miss rate is within the
range of 0 to 18% miss rates for mammographically guided
needle localization reported in a review of the literature
by Jackman and colleagues.38 The lesions that were partly
excised or missed in our study all occurred in women who
had MRI-guided localization of multiple synchronous ipsi-
lateral lesions, yielding cancer extending to or close to the
margins.12 These findings are consistent with the results of
Jackman and colleagues,38 who reported that mammo-
graphically guided needle localization and surgical biopsy
had a failure rate of 12% for patients with multiple ipsi-
lateral lesions versus <2% for patients with single lesions
(P = 0.001).

6. Advice and Caveats

For individuals embarking on performance of MRI-guided
breast needle localization and biopsy procedures, we have
several suggestions. It is helpful to begin with lesions that
have mammographic correlates, so that lesion retrieval can
be readily confirmed during the learning curve experience,
and to collaborate with individuals expert in MRI physics.
Magnetic resonance imaging technique should be stan-
dardized, so that the MRIs obtained during the diagnostic
examination and the localization procedure can be readily
compared. If possible, identify specific MRI technologists
who will be involved in these procedures, and include the
participation of mammography technologists experienced
at breast localization and biopsy procedures. Postoperative
MRI can be helpful to confirm lesion retrieval in women
who have had MRI-guided localization; Frei and col-
leagues37 have suggested that postoperative MRI may best
be performed approximately 1 month after surgery, but
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Figure 19.5. A 69-year-old woman with family history of breast
cancer and prior excision of a radial scar. (A) Sagittal, T1-
weighted image from high-risk screen MRI of the left breast
immediately after contrast injection shows 1.3-cm irregular
enhancing mass in the left lower inner quadrant, not seen by
mammography or sonography. (B) Sagittal,T1-weighted, delayed
image of the left breast after contrast injection shows washout of
contrast from the lesion. Magnetic resonance imaging guided

localization was recommended. (C) Magnetic resonance imaging
guided needle localization of this medial lesion was performed
with the patient in the prone oblique position, with her left breast
in the right coil. The vitamin E marker (arrow) has been placed
over the expected lesion site in the medial left breast. (D) Sagit-
tal, contrast-enhanced,T1-weighted image obtained during MRI-
guided needle localization shows the enhancing mass inferiorly.

A B

C D

(Continued)



Figure 19.5. (Continued) (E) Sagittal, contrast-enhanced, T1-
weighted image after needle placement shows the needle in the
region of the mass. The mass is less evident, due to washout of
contrast material, but the appropriate location can be discerned
using adjacent parenchymal landmarks. (F) Sagittal, contrast-
enhanced, T1-weighted MRI after wire deployment shows the
wire in appropriate position. Again, the lesion is not seen due to
washout of contrast, but the location can be determined by adja-
cent landmarks. (G) Collimated mediolateral oblique view of the
left breast from two-view mammogram obtained after localiza-
tion shows that the wire has deployed. The reinforced portion is

partially imaged, but the tip could not be included due to the
extreme posteromedial location, in spite of two attempts. (H)
Craniocaudal view of the left breast from two-view mammogram
obtained after localization again shows that the wire, placed from
the medial aspect of the breast, has deployed. On this view, neither
the reinforced portion nor the tip could be included on the mam-
mogram due to the extreme posteromedial location, although the
area was accessible to MRI-guided localization. Histologic analy-
sis yielded infiltrating ductal carcinoma, tubular type, measuring
1.2cm.

E F

G H



our anecdotal experience suggests that an even shorter
interval may be acceptable (e.g., 2wks).

Magnetic resonance imaging can detect cancers that
cannot be identified by other methods. However, no data
as yet address the impact of MRI detection of breast
cancer on survival, in the setting of screening, problem-
solving, or assessment of extent of disease in women with
known breast cancer.We report published experience from
our institution and other centers, but breast MRI is still rel-
atively early in its development, with persistent variation
in technique and interpretation, and limited follow-up
information. Furthermore, breast MRI is an expensive
examination, and the cost-effectiveness of breast MRI and
MRI-guided localization has yet to be determined.

7. Conclusions

Magnetic resonance imaging guided needle localization
can be readily performed with commercially available
equipment. Published reports indicate high technical
success rate (93%–100%), high cancer yield (31%–73%),
and high frequency of encountering high-risk lesions (up
to 29%).At MSKCC, the positive predictive value of MRI-
guided needle localization in our initial series of 101
lesions was 31%; among the cancers, approximately half
were DCIS and half were invasive.12 The median time to
perform MRI-guided needle localization at our institution
was 31min.12 We have now performed MRI-guided needle
localization in over 1,000 lesions and are currently per-
forming more than 300 of these procedures per year; with

the expanding clinical use of breast MRI, the use of breast
MRI intervention continues to grow.

The ability to perform localizations is a necessary part
of a breast MRI program. Ideal characteristics of the MRI
localizing needle/wire combinations include sharpness,
scoring (i.e., 1-cm marks on the needle shaft that can be
used to adjust needle position), a visible mark on the wire
that can be set to a specified position for deployment, a
reinforced portion that the surgeon can identify intraop-
eratively, strength to resist breakage or cutting, and no
problems with heating or deflection. Magnetic resonance
imaging compatible biopsy systems should include com-
pression devices to allow access to and immobilization of
the entire breast, needle guides, and localizing markers.
Excellent MRI-compatible equipment for needle localiza-
tion is now available, with more equipment under devel-
opment. This technology, and work evaluating its utility, is
necessary to realize the potential of breast MRI in the
detection and treatment of breast cancer.
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Breast cancers that cannot be detected by mammography
or physical examination may be identified at magnetic res-
onance imaging (MRI).1 In women at high risk of devel-
oping breast cancer, MRI detects a cancer occult to
mammography and physical examination in 2% to 7%.2

Among women with cancer in one breast, MRI detects
additional sites of cancer in the ipsilateral breast in 6% to
34%3 and detects an otherwise unsuspected contralateral
cancer in 4% to 24%.4 The sensitivity of MRI is high,
reported as 94% to 100%, but it has lower specificity,
ranging from 37% to 97%.5 Biopsy of suspicious MRI-
detected lesions is necessary for definitive diagnosis.

For MRI-detected lesions that can be seen on sonogra-
phy, biopsy can be performed under sonographic guidance.
However, second-look sonography fails to identify a sono-
graphic correlate in up to 77% of MRI-detected lesions
referred for biopsy.6–8 Although cancer is more frequent
among MRI-detected lesions that have a sonographic cor-
relate rather than those that do not (43% vs. 14%, P =
0.01), absence of a sonographic correlate does not spare
the need for biopsy.8 The utility of breast MRI is therefore
dependent on the availability of methods to perform
biopsy of lesions detected by MRI only.

Percutaneous biopsy is being increasingly used for
breast diagnosis. In prior studies of percutaneous biopsy
using stereotactic or ultrasound guidance, percutaneous
biopsy is less invasive, can be performed quickly, does not
result in scarring or deformity, causes less anxiety for the
patient, and can be performed at lower cost.9 Magnetic
resonance imaging guided percutaneous breast biopsy is 
a challenging endeavor for many reasons, including the
requirement for equipment that will work in the MRI envi-
ronment, need to remove the patient from the magnet to
perform biopsy in closed systems, limited access to the
medial and posterior breast, decreasing lesion conspicuity
with time after contrast injection, necessity of precise tar-
geting of small lesions, desirability of placing a localizing
clip, and difficulties confirming lesion retrieval.10 In spite

of these challenges, several investigators have reported
success with MRI-guided percutaneous biopsy.

This chapter discusses methods and results of MRI-
guided percutaneous biopsy using a fine needle,11–15 auto-
mated core needle,15–20b or vacuum-assisted biopsy
probe,21–26 and provides suggestions for MRI-guided per-
cutaneous biopsy in specific challenging scenarios.

1. Fine Needle Aspiration Biopsy

Several investigators have reported results of fine needle
aspiration biopsy under MRI guidance11–15 (Table 20.1). In
1994, Fischer and colleagues11 described a biopsy device
with 57 puncture channels inserted into a surface coil
designed primarily for eye and ear examinations. Fine
needle aspiration biopsy, performed with a 19.5-gauge
needle, yielded sufficient material in all cases, including
four carcinomas, three fibroadenomas, and one intraductal
hyperplasia, all of which were confirmed at subsequent sur-
gical excision.

Although these preliminary results were encouraging,
subsequent series of MRI-guided fine needle aspiration
biopsy have had lower success rates. The most common
problem has been insufficient samples, a problem also
encountered at fine needle aspiration biopsy under stereo-
tactic or ultrasound guidance.27,28 In a study from the 
Radiologic Diagnostic Oncology Group V, Pisano and 
colleagues27 reported that fine needle aspiration biopsy
under stereotactic or ultrasound guidance had an insuffi-
cient sample rate of 34% (128 of 377). The insufficient
sample rate was higher for fine needle aspiration under
stereotactic (40%) than ultrasound guidance (9%), was
higher for calcifications (46%) than masses (27%), and was
higher if there was no on-site cytologist (31%) than if there
was a cytologist present on site (15%). Insufficient samples
are a major clinical limitation of image-guided fine-needle
aspiration biopsy.

20
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In subsequent investigations of MRI-guided fine needle
aspiration biopsy, insufficient samples were encountered in
10% (3 of 31) lesions reported by Fischer and colleagues,15

in 22% (2 of 9) lesions reported by Desouza and col-
leagues,13 and in 17% (3 of 18) lesions reported by Wald
and colleagues.14 In the latter study, an additional 22% (4
of 18) lesions were inaccessible to the compression grid
due to posterior location; hence the technical success rate
in the study of Wald and colleagues14 was 61% (11 of 18).
These data indicate that fine needle aspiration biopsy

under MRI guidance, like fine needle aspiration under
stereotactic or sonographic guidance, has substantial 
limitations.

2. Automated Core Biopsy

Magnetic resonance imaging guided percutaneous biopsy
has been performed with automated core needles15–20b

(Table 20.2). Magnetic resonance imaging guided auto-
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Table 20.1. MRI-guided Fine Needle Aspiration Breast Biopsy

Size (cm) No. No. High Time (min)
Needle Mean Successful Cancer Invasive DCIS Risk Mean

Study/Year No. Gauge (Range) (%) (%) (%) (%) (%) (Range)

Fischer et al./ 8 19.5 NS 8 (100) 4 (50) NS NS NS NS (30–60)
199411a

Fischer et al./ 23 19.5 NS 20 (87) 7 (30) NS NS NS 60 (40–90)b

199512a

Desouza et al./ 9 18 NS (0.2–1.7) 7 (78) 3 (33) NS NS NS 90 (NS)c

199613

Wald et al./ 18 22 1.8 (1.0–3.6) 11 (61) 2 (11)d 2 (11) 0 (0) 0 (0) 42 (30–80)
199614

Fischer et al./ 31 19.5 NS 28 (90) 7 (23) NS NS NS NS (30–60)b

199815a

Abbreviations: DCIS, ductal carcinoma in situ; N, number of lesions; NS, not stated. Percentages reflect proportion of all lesions (N).
a May be overlap between References 11, 12, and 15; numbers should not be added together in meta-analysis.
b Reflects time for MRI-guided interventions, including preoperative needle localization or needle biopsy.
c Reflects approximate time, including counseling, positioning, preparing patient, obtaining initial data set, performing biopsy, and postbiopsy care.
d A third infiltrating cancer was found at stereotactic core biopsy in lesion too posterior to undergo successful MRI-guided fine needle
aspiration.

Table 20.2. MRI-guided Automated Core Breast Biopsy

Size (cm) No. No. High Time (min)
Needle Mean Successful Cancer Invasive DCIS Risk Mean

Study/Year No. Gauge (Range) (%) (%) (%) (%) (%) (Range)

Orel et al./ 3 20 NS 1 (33) 1 (33) 1 (33) 0 (0) NS NS
199516

Doler et al./ 2 14 NS 2 (100) 1 (50) 1 (50) 0 (0) 0 (0) NS
199617

Kuhl et al./ 5 16 NS 4 (80)b 4 (80) 4 (80) 0 (0) 0 (0) 40 (30–60)a

199718

Fischer et al./ 4 NS NS 4 (100) 1 (25) 1 (25) 0 (0) 0 (0) NS (30–60)a

199815

Kuhl et al./ 78 14 1.5 (0.6–3.0) 77 (99) 28 (36)c 23 (29) 5 (6) 2 (3) 60 (45–100)
200119

Schneider et al./ 21 14 NS (0.5–1.7) 20 (95) 8 (38) 8 (38) 0 (0) 1 (5) 45 (40–65)
200220

Chen et al./ 35 14 1.5 (0.3–7.0) 34 (97) 8 (23) 7 (20) 1 (3) 5 (14)d NSe

200420b

Abbreviations: DCIS, ductal carcinoma in situ; N, number of lesions; NS, not stated. Percentages reflect proportion of all lesions (N).
a Reflects time for MRI-guided interventions, including preoperative needle localization or needle biopsy.
b Fifth lesion, which gave insufficient material at core biopsy, yielded infiltrating ductal carcinoma at subsequent MRI-guided localization and surgi-
cal biopsy.
c The diagnosis of cancer was made by core biopsy in 27 (96%) of 28 cancers; in one infiltrating breast cancer, crushed specimen precluded histo-
logic evaluation.
d Two lesions yielding atypical ductal hyperplasia at core biopsy yielded invasive ductal carcinoma at surgery.
e The time to perform the procedure is not stated in this study, but in a prior technical report of the method,20a the authors indicate an average pro-
cedure time from initial targeting sequence to final postbiopsy sequence of 47min with standard deviation of 16min.



mated core biopsy was reported by Orel and colleagues16

using a 20-gauge needle in three lesions in 1995, by Doler
and colleagues17 using a 14-gauge needle in two lesions in
1996, by Kuhl and colleagues18 using a 16-gauge needle in
five lesions in 1997, by Fischer and colleagues15 (needle
gauge not specified) in four lesions in 1998 and by Chen
and colleagues20b using a 14-gauge needle in 35 lessions in
2004 (Table 20.2). The largest series of MRI-guided core
biopsy was reported by Kuhl and colleagues,19 who used a
14-gauge automated needle in 78 lesions in 2001 (Table
20.2).

2.1. Technique

In the study by Kuhl and colleagues,19 78 lesions underwent
MRI-guided 14-gauge automated core biopsy with patients
semiprone in a 1.5T magnet with the breast compressed
between two plates featuring an MRI-visible fiducial
system. The compression plates were perforated with 
2-mm holes every 2.5mm. A regular flexible circular
surface coil was placed around the breast for imaging.
Tissue was acquired with a variety of MRI-compatible,
single-use, semiautomatic, 14-gauge automated core
biopsy guns with a long throw and a 20-mm biopsy notch
(Daum Medical Systems, Schwerin, Germany; Guerbet,
Wurzberg, Germany; Somatex, Berlin, Germany).

The breast was gently compressed to achieve stabiliza-
tion and immobilization. Intravenous sedation was given
with 3 to 5mg of midazolam (Dormicum®) or 5 to 10mg
of diazepam (Valium®) just before the contrast-enhanced
series. Contrast-enhanced dynamic breast MRI was per-
formed using 0.1mmol/kg gadolinium-diaminotetra-ethyl
penta-acetic acid (Gd-DTPA) (Schering, Berlin, Germany)
injected intravenously. Parameters were equivalent to
those used during diagnostic imaging (repetition time
msec/echo time msec, 280/4.6; flip angle, 90 degrees). The
field of view was 220mm with an 80% rectangular field of
view, yielding a 4-min acquisition time. In addition, T2-
weighted turbo spin echo (SE) imaging (3000/120) was
performed with the same parameters (acquisition time,
90s). When the target lesion was identified on the post-
contrast subtraction images, an attempt was made to iden-
tify the same lesion on the corresponding T2-weighted
turbo SE images.

Coordinates of the lesion with respect to the fiducial
system were obtained, and the needle trajectory was deter-
mined. Superficial and deep anesthesia were given with 
10 to 15mL of lidocaine (Xylocaine®) or bupivacaine
(Carbostesin®). A skin nick was made with a scalpel, and
the coaxial needle was placed and its position verified with
the T2-weighted turbo SE sequence. Five to 11 core biopsy
specimens were obtained, rotating the biopsy notch in a
clockwise direction. If the position of the needle relative
to the target lesion could not be determined, a second con-
trast-enhanced series [T1-weighted turbo SE imaging

before and after contrast injection (350/10); acquisition
time, 90s] was obtained with the needle in place; alterna-
tively, contrast-enhanced T1-weighted turbo SE images
with spectral-selective fat suppression were used (acquisi-
tion time, 2min and 15s).

2.2. Results

In the study by Kuhl and colleagues,19 MRI-guided auto-
mated core biopsy was technically successful in 98% (77 of
78) lesions. The one technical failure occurred in a lesion
considered “probably malignant” based on imaging find-
ings, in which core biopsy yielded a crushed specimen for
which no histologic evaluation was possible; subsequent
surgical excision yielded invasive ductal cancer. In another
lesion yielding radial scar at MRI-guided 14-gauge auto-
mated core biopsy, surgery revealed radial scar surrounded
by invasive breast cancer. In 59 lesions with validation
either by subsequent excision (n = 42), radiologic-
pathologic correlation (n = 7), or follow-up MRI after at
least 24 months (n = 10), the diagnostic accuracy of MRI-
guided core biopsy was 98% (58 of 59): sensitivity was 96%
(27 of 28), specificity 100% (31 of 31), positive predictive
value 100% (27 of 27), and negative predictive value 98%
(31 of 32). In a subsequent series of 21 lesions that had 14-
gauge automated core biopsy in a vertically open 0.5T
magnet reported by Schneider and colleagues,20 the tech-
nical success rate was 95% (20 of 21); in one medial lesion,
the procedure was aborted due to pain.

Although these studies indicate that MRI-guided 14-
gauge automated core biopsy can have high diagnostic
yield, this method has potential limitations. A high pro-
portion of lesions detected by breast MRI contain ductal
carcinoma in situ (DCIS) or atypical ductal hyperplasia
(ADH); a 14-gauge automated needle often underesti-
mates the pathology of these complex lesions.9 In addition,
MRI-guided biopsy has the problem of the vanishing
target—during the biopsy procedure, the lesion often
becomes less conspicuous, due to washout of contrast
material from the lesion and progressive enhancement of
the surrounding breast parenchyma; for such lesions, it
would be helpful to be able to acquire a larger volume of
tissue than is possible with the 14-gauge automated needle.
Finally, 14-gauge automated needles do not readily provide
a mechanism for placement of an MRI-compatible local-
izing clip, which may be helpful for the small lesions that
undergo MRI-guided biopsy.

3. Vacuum-Assisted Biopsy

Magnetic resonance imaging guided vacuum-assisted
biopsy, pioneered by Dr. Sylvia Heywang-Kobrunner, has
advantages compared with other biopsy methods for diag-
nosis of MRI-detected lesions21–25 (Table 20.3). Vacuum-
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assisted biopsy is a highly accurate procedure that is faster,
less invasive, and less expensive than surgery and causes
no deformity.9,29 Vacuum-assisted biopsy has a higher tech-
nical success rate than fine needle aspiration biopsy, with
fewer inadequate specimens. Compared with automated
core biopsy, vacuum-assisted biopsy retrieves a larger
volume of tissue, which can help compensate for decreas-
ing lesion conspicuity during the MRI-guided biopsy pro-
cedure, and provides better characterization of complex
lesions containing ADH and DCIS.9 Vacuum-assisted
biopsy also enables placement of a localizing clip that can
be used for subsequent needle localization under mam-
mographic guidance.30

Limited equipment is available for performing MRI-
guided vacuum-assisted biopsy. The largest published
experience is from Europe, using a biopsy system that is
not yet commercially available in the United States. Other
systems are commercially available, including the 9-gauge
vacuum-assisted biopsy system used at our institution.

3.1. Vacuum-Assisted Biopsy in Europe

3.1.1. European Technique

The biopsy system used by Heywang-Kobrunner and col-
leagues21 in 1999 consisted of three parts: a compression

mechanism, a ring coil, and an aiming device. The com-
pression device contained a medial and lateral compres-
sion plate consisting of plastic ribs that can be spread apart
by a spacer. A marker tube, a small plastic vial filled with
Gd-DTPA solution, was attached to the outside of the
compression plate (parallel to the z axis of the magnet) 
and imaged as a dot on all transverse images; it served 
as reference for all measurements and allowed setting 
of the angle, height, and depth of needle insertion. The 
flexible ring coil could be inserted between the ribs of the
compression plates so as not to interfere the access to 
the lesion. The aiming device, equipped with a long arm
that allowed both medial and lateral access, was attached
to the table outside the magnet and allowed insertion of
the needle into the compressed breast at the calculated
entry point, chosen angle, and depth. The aiming device
was used to support the tissue acquisition device, which
was the 11-gauge Mammotome (Biopsys/Ethicon Endo-
Surgery, Cincinnati, Ohio).

The technique for MRI-guided vacuum-assisted biopsy
with the Mammotome was described by Heywang-
Kobrunner and colleagues21 as follows. Intravenous 
sedation was provided with up to 5mg of midazo-
lamhydrochlorid. The patient was positioned prone on the
biopsy table with her breast compressed moderately.
The patient was moved into the magnet, and MRI exami-
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Table 20.3. MRI-guided Vacuum-Assisted Breast Biopsy

Size (cm) No. No. High Time (min)
Needle Mean Successful Cancer Invasive DCIS Risk Mean

Study/Year No. Gauge (Range) (%) (%) (%) (%) (%) (Range)

Heywang- 55 11 0.8 (NS)b 54 (98) 14 (25) 9 (16) 5 (9) 0 (0) Slightly
Kobrunner et al./ >1h
1999 21a

Viehweg et al./ 280 11 NS 277 (99) 72 (26) 27 (10) 45 (16) 6 (2) Slightly
2002 23a >1h

Perlet et al./2002 24a 341c 11 NS 334 (98)d 84 (25) 37 (11) 47 (14) 17 (5) 70 (NS)e

Perlet et al./2002 25a NS 11 NS 517 (NS) 196 (38) 134 (14) 62 (12) 16 (3) NS
Liberman et al./ 28 9 1.0 (0.4–6.0) 27 (96) 6 (22%) 5 (18) 1 (4)f 1 (4) 35 (24–48)g

200326

Abbreviations: DCIS, ductal carcinoma in situ; N, number of lesions; NS, not stated. Percentages reflect proportion of all lesions (N).
a Reference 23 updates experience at University of Halle in Germany and includes cases in Reference 21. References 25 and 24 are multi-
institutional collaborations which include University of Halle; Reference 25 includes cases in Reference 24 but degree of overlap with References 21
and 23 is uncertain. Numbers should not be added together in meta-analysis.
b Forty-one (75%) lesions measured 1cm or less and 15 (27%) lesions measured 5mm or less.
c Among 413 lesions initially referred for vacuum-assisted biopsy, 72 (17%) could not be performed.
d Seven unsuccessful vacuum-assisted biopsies were evident on the basis of postbiopsy MRI, imaging-histologic discordance, or both; all had prompt
rebiopsy. The 334 lesions in which biopsy was successfully performed represent 93% of 361 lesions that could be seen on the day of the scheduled
biopsy procedure.
e Time approximately 70min for 1 lesion and 90min for two lesions.
f In addition, in one lesion yielding LCIS and ADH at vacuum-assisted biopsy, surgery yielded DCIS. In another lesion that underwent biopsy in a
woman with Paget’s disease, the MRI target was excised at vacuum-assisted biopsy, yielding fibroadenoma; however, microscopic DCIS, occult at
MRI, was found at the anterior margin of surgical resection.
g Median time was 35 (range, 24–48)min for biopsy of one lesion and 65 (range, 62–86)min for biopsy of two lesions.



nation was performed before and after intravenous injec-
tion of 0.1mmol Gd-DTPA/kg using a high-resolution fast
low angle shot (FLASH) three dimensional (3D) sequence
[repetition time/echo time/flip angle (TR/TE/FA) =
14/7ms/25 degrees, slice thickness 2mm, FOV 200, matrix
256 ¥ 256]. Based on these images, needle access (slice
position, height, depth, and angle of needle insertion) were
planned on a transverse slice through the lesion with
respect to the marker tube.

An oblique line, representing the path of needle inser-
tion, was chosen with the desired angulation by using spe-
cific software. The oblique line was then shifted parallel
until it crossed the lesion. Point A was defined as the point
where a vertical line through the marker tube intersects
the oblique line through the lesion. Point B was defined as
a point on the oblique line, 18mm beyond (deep to) the
center of the lesion; this point was chosen so that the tip
of the vacuum-assisted device would be 18mm deep to the
center of the lesion, placing the center of the collecting
chamber of the biopsy device at the center of the lesion.
The vertical distance H between the outside margin of the
marker tube and the oblique line (point A) was measured,
indicating the height of needle insertion. The depth of
needle insertion was measured as the relative shift
between point A and B on the oblique line.

The patient was removed from the magnet and the
aiming device aligned with the transverse slice that con-
tained the lesion. A substitute needle (a nonmagnetic
needle of the same length as the vacuum-assisted device)
was mounted on the aiming device. The angle and height
of insertion were set as previously calculated. Subcuta-
neous injection of 2mL of 1% lidocaine was given for local
anesthesia.The substitute needle was then advanced to the
appropriate depth and detached from the needle holder.
The needle holder was withdrawn, and the patient was
placed back into the magnet. Magnetic resonance imaging
examination was performed using a spin echo (SE)
sequence (TR = 196ms, TE = 15ms, 3-mm slice thickness,
10% gap) to confirm appropriate location of the substitute
needle.

If the substitute needle was in good position, the patient
was moved out of the magnet, the substitute needle was
removed, the vacuum-assisted device was mounted onto
the aiming device, and the vacuum-assisted biopsy device
was placed into the breast to the same position as the pre-
vious substitute needle. Additional local anesthesia was
given by interstitial injection of 10 to 15mL of a solution
of 10mL of lidocaine and 0.5mL of vasopressin dissolved
in 9.5mL of saline. Vacuum-assisted biopsy was then per-
formed, obtaining two to three full rotations around the
clock at 1.5-h increments (eight specimens per rotation,
therefore, 16 to 24 specimens).The vacuum-assisted biopsy
device was then withdrawn and the patient moved back
into the magnet for another set of MRIs before and after
intravenous injection of 0.1mmol Gd-DTPA/kg.This set of

images was used to determine if the lesion was sampled or
removed. If lesion sampling or removal were confirmed,
the patient was turned supine and her breast compressed
manually for 15min.

3.1.2. Results from Europe

Several studies have reported the experience with MRI-
guided Mammotome biopsy in Halle, Germany, alone and
in collaboration with multiple institutions.21–25 In 1999,
Heywang-Kobrunner and colleagues21 reported that MRI-
guided vacuum-assisted biopsy was successful in 54 of 55
(98%) cases and yielded cancer in 14 of 54 (26%); the one
failure was caused by incorrect use of the vacuum-assisted
biopsy gun. Among 54 successful procedures, MRI exami-
nation performed immediately after biopsy suggested that
removal of the MRI target was complete in 31 (57%),
partial in 18 (33%), and difficult to assess due to bleeding
in 5 (10%). All lesions in which the MRI target was
removed measured 1cm or less. Complete removal of the
MRI target occurred in six lesions that yielded cancer at
vacuum-assisted biopsy; among these, subsequent surgery
revealed residual cancer in two (33%).

In an update of the multi-institutional experience, Perlet
and colleagues24 described 413 lesions referred for MRI-
guided biopsy. In 72 (17%) of 413 lesions, MRI-guided
biopsy could not be performed for the following reasons:
lesion was no longer seen (n = 52, 13%), due to hormonal
influences in 43, incorrect interpretation of original MRI
study in 3, diffuse enhancement without focal abnormality
in 3, and excessive compression in 3; biopsy not possible
due to problems with the procedure (n = 14, 3%), includ-
ing 3 patients who did not fit in the magnet with respect to
the height of the biopsy coil, 1 patient with thin breasts,
and 10 patients with problems of access related to design
of the biopsy device; and other problems (n = 6, 1%),
including 2 patients who refused biopsy, 2 in whom motion
artifact limited interpretation of prebiopsy MRI study, and
2 patients in whom biopsy was not performed due to
breakdown of the MRI unit.

Of 341 lesions that had MRI-guided vacuum-assisted
biopsy, the procedure was unsuccessful in 7 (2%). Reasons
for failure included patient motion (n = 2), operator failure
(n = 1), breakdown of the MR unit (n = 1), biopsy per-
formed but the lesion was still evident on postbiopsy MR
images (n = 1), and strong bleeding that required termina-
tion of the procedure before obtaining sufficient tissue 
(n = 1) or led to hematoma that interfered with histologic
assessment of biopsy specimens (n = 1). All seven failures
were recognized on the basis of persistence of the lesion
on postbiopsy MRI and/or imaging-histologic discordance.
Of the 361 (413 - 52) lesions that were visible on the day
of the scheduled biopsy procedure, biopsy was successfully
performed in 334 (93%).
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Among 334 lesions that yielded histologies for evalua-
tion at MRI-guided Mammotome biopsy, histologic find-
ings were carcinoma in 84 (25%), ADH in 17 (5%), of
which 3 (18%) yielded DCIS at subsequent surgery, and
benign in 223 (70%). In 19 (23%) of 84 lesions yielding
cancer at vacuum-assisted biopsy, surgery showed no resid-
ual cancer; all of these lesions were smaller than 1cm. In
all other lesions yielding cancer at surgery, surgical histol-
ogy confirmed vacuum-assisted biopsy findings. All benign
diagnoses were confirmed by imaging-histologic correla-
tion and by follow-up MRI at 12 to 36 months after biopsy.
Among lesions yielding benign, concordant histology at
MRI-guided biopsy, there were no missed cancers.

Complications were encountered in 16 of 341 (4.7%)
lesions and included severe bleeding in 5 (1.5%) of 341
lesions, requiring a compression bandage in 2, suture in 1,
and surgical drainage in 2; hematoma larger than 3cm in 6
(1.8%) of 341 lesions, of which 1 developed a subsequent
infection and 5 required no specific treatment; and vaso-
vagal reaction in 5 (1.5%) of 341 lesions. The biopsy pro-
cedure lasted approximately 70min for one lesion and
90min for two lesions.

3.2. Vacuum-Assisted Biopsy at Memorial
Sloan-Kettering Cancer Center

At our institution, MRI-guided vacuum-assisted biopsy is
performed with a commercially available 9-gauge vacuum-
assisted device (Automated Tissue Excision and Collection
[ATEC] Breast Biopsy System, Suros Surgical Systems,
Indianapolis, Ind). This method enables retrieval of a
larger volume of tissue, with each specimen weighing
200mg as compared with approximately 100mg per speci-
men for 11-gauge Mamotome vacuum-assisted biopsy or
17mg per specimen for 14-gauge automated needles.9 The
larger volume of tissue is useful for ensuring retrieval of
vanishing targets and for characterizing the complex 
histologies (e.g., ADH and DCIS) often encountered in
MRI-detected lesions. Furthermore, unlike the European
device, which requires that each specimen be removed
from the biopsy device before obtaining the next speci-
men, the system we use stores multiple specimens in a col-
lecting area; this hastens the process by allowing the biopsy
to proceed uninterrupted, with specimens retrieved after
tissue acquisition is complete.

Magnetic resonance imaging guided vacuum-assisted
biopsy can be performed quickly. During our learning
curve experience, the average time to perform MR-guided
vacuum-assisted biopsy of a single lesion was 35min. This
is faster than all other previous reports of MRI-guided per-
cutaneous biopsy (Tables 20.1 through 20.3). We hypothe-
size that the ability to perform the biopsy quickly may
contribute to higher accuracy. Because lesion conspicuity
generally diminishes with time after contrast injection,
sampling is dependent on identification of the lesion

immediately after injection and immobilizing the lesion so
that it remains in the same position. The faster the biopsy
can be accomplished, the less likely that the lesion will
move. A faster biopsy is more comfortable for the patient
and enables increased throughput in the magnet.

3.2.1. Technique

The method currently used at our institution for MRI-
guided vacuum-assisted biopsy is similar to that previously
described.26 The steps necessary to perform biopsy are
illustrated in Figure 20.1, and images obtained during the
biopsy procedure are shown in Figure 20.2.

3.2.1.1. Prebiopsy Preparation

Although MRI-guided biopsy is fast and well tolerated, the
procedure can cause patient anxiety, particularly in the
high-risk population undergoing breast MRI. At our insti-
tution, patients are pretreated as needed with oral benzo-
diazepines such as diazepam (Valium®), 5mg orally ¥ 1 to
2 doses, or lorazepam (Ativan), 0.5mg orally ¥ 1 to 2 doses
on the morning of the procedure, as per discussion with the
referring clinician.

Magnetic resonance imaging guided vacuum-assisted
biopsy is not performed in patients on anticoagulants such
as warfarin (Coumadin®). It is important to carefully
consult with the referring clinician before scheduling the
biopsy in these women. If percutaneous biopsy is consid-
ered the best diagnostic approach and if it is clinically
acceptable to temporarily discontinue anticoagulation,
Coumadin® may be stopped approximately 4 days before
the procedure and the INR (international normalization
ratio) checked the day before the biopsy; Coumadin® can
be restarted after the biopsy is complete. If it is desirable
to continue anticoagulation as long as possible, then on dis-
continuing the Coumadin®, the patient may start dal-
teparin (Fragmin®), a low-molecular-weight heparin, at a
dose of 100 units per kilogram, injected subcutaneously
twice a day, with the last dose given 24h before biopsy.
After the biopsy, the patient restarts both Fragmin® and
Coumadin®, and then discontinues the Fragmin® when
the INR approaches therapeutic level (approximately 2).

Routine prophylactic antibiotics are not indicated 
for MRI-guided biopsy. We prefer that patients avoid
aspirin for 1 week and nonsteroidal anti-inflammatory
agents for 48h before the procedure, but they may take
acetaminophen.

3.2.1.2. Targeting Images

The patient is positioned prone in the 1.5T magnet (Signa,
GE Medical Systems. Milwaukee, Wis.) using a dedicated
surface breast coil (Open Breast Coil [Model OBC-63] or
Biopsy Breast Array Coil [Model BBC], MRI Devices,
Waukesha, Wis.). The breast undergoing biopsy is placed
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Figure 20.1. Magnetic resonance imaging guided vacuum-
assisted biopsy: equipment and technique. (A) MRI-guided
vacuum-assisted biopsy handpiece. Note the sampling notch
(mouth) of the biopsy device (curved arrow). Specimens obtained
during biopsy are stored in a specimen collecting cup (straight
arrow), to be retrieved after tissue acquisition is complete. (B)
Close-up view of mouth of biopsy needle. (C) Control module for
MRI-guided vacuum-assisted biopsy. The biopsy handpiece is
connected by tubing to the control module, and can be brought
into the MRI suite for performing biopsy; the remainder of the

control module remains outside the MRI suite. (D) Additional
equipment for MRI-guided vacuum-assisted biopsy includes
(from top to bottom) the white introducer, which is scored with
marks every 5mm to assist in setting the black depth stop; the
plastic obturator, which serves as a placeholder for MRI; the
sharp stylet, which creates the tract; and the clip introducer. (E)
The double breast coil used for breast MRI-guided interventions.
(F) The patient is positioned prone with her breast in the dedi-
cated breast coil.
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Figure 20.1. (Continued) (G) The breast is placed in the biopsy
compression device. A mark is made on the skin over the
expected lesion site, based on review of prior diagnostic MRI. (H)
A vitamin E capsule is taped over the expected lesion site, to
serve as a landmark for determining lesion location; MRI is then
performed. (I) After the lesion is identified on MRI and its loca-

tion determined, the skin overlying the lesion site is cleansed with
iodine soap. (J) Local anesthesia is given, superficial (shown) and
deep (not shown). (K) A skin nick is made with a scalpel. (L) The
depth stop (arrow) of the introducer is set to the calculated depth
of the lesion, based on review of the MRI study.
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Figure 20.1. (Continued) (M) The stylet is placed inside the
introducer. (N) The stylet and introducer are placed in the needle
guide before attaching the needle guide to the grid. This enables
the radiologist to ensure that the tip of the needle enters the
scalpel incision. (O) The stylet is placed in the breast to create
the tract. (P) The stylet is removed from the breast, leaving the
introducer within, and replaced with the obturator to enable MRI
confirmation of lesion location. When the introducer is posi-
tioned so that the depth stop is at the needle guide, the tip of the
obturator indicates where the mouth of the biopsy device will be

centered (ideally at the center of the lesion). (Q) The biopsy
device is inserted into the introducer, after MRI confirmation of
position and removal of the obturator. (R) With the biopsy device
in place, tissue is acquired by stepping on a foot pedal. The spec-
imens collect in the cup at the back of the device. The radiologist
can rotate the device to acquire tissue from any direction. After
tissue acquisition, the radiologist removes the biopsy device from
the introducer, replaces it with the obturator, and performs MRI
to determine if the lesion has been sampled.
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Figure 20.1. (Continued) (S) After tissue acquisition is complete,
the technologists collect the specimens and place them in forma-
lin. (T) If MRI confirms lesion sampling, the front end of the
biopsy handpiece is placed back into the introducer, and the clip
is inserted. (U) The clip is deployed by pressing on the squeeze

handle. (V) The skin nick immediately after MRI-guided
vacuum-assisted biopsy is much smaller than the periareolar scar
the patient has from prior surgical biopsy. (W) The nick is covered
by sterile strips. (X) The sterile strips are then covered with a
sterile gauze bandage (shown) or other pressure dressing.
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Figure 20.2. A 51-year-old woman status post prior left lumpec-
tomy and irradiation, with suspicious lesion in the left breast on
high-risk screening MRI. This woman’s MRI-guided vacuum-
assisted biopsy procedure is illustrated in Figure 20.1. (A) Sagit-
tal, T1-weighted MRI obtained as high-risk screening
examination shows clumped ductal enhancement in the 12:00
axis, suspicious for carcinoma. (B) Mediolateral oblique mam-
mogram of the left breast shows postsurgical changes. The suspi-
cious area identified on MRI is not seen at mammography. Note
the small fragment of prior localizing wire in the retroareolar
region. (C) Axial localizing MRI during MRI-guided vacuum-
assisted biopsy shows vitamin E marker (arrow), which has been

taped over the expected location of the lesion. The volume
imaged should be selected to include this. (D) Sagittal, T1-
weighted MRI after injection of intravenous gadolinium shows
the area of clumped ductal enhancement, corresponding to the
lesion referred for biopsy. (E) Sagittal, T1-weighted MRI shows
low signal intensity lines due to pressure of the grid at the skin
surface. By paging back and forth on sagittal images at the work-
station, the lesion depth relative to the skin surface is determined.
(F) Sagittal, T1-weighted MRI shows the vitamin E marker. By
paging back and forth on sagittal images at the workstation, using
the vitamin E marker as a reference point, the location of the skin
entry site is determined.
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D E, F

(Continued)
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Figure 20.2. (Continued) (G) Sagittal, T1-weighted, MRI per-
formed after placement of the obturator shows low signal at the
posterior aspect of the lesion (arrow), indicating the location of
the obturator tip. (H) Sagittal, T1-weighted MRI immediately
after completion of tissue acquisition shows air and hematoma at
the biopsy site. The obturator is evident as round low signal in 
the center of the hematoma. Note the air-fluid level is vertical;
the patient is lying prone, so the air rises to the dependent (pos-
terior) position. The lesion is no longer evident. (I) Sagittal, T1-

weighted MRI after placement of the localizing clip shows low
signal artifact at the deep (medial) aspect of the biopsy site
(arrow), representing the clip. (J) Postbiopsy mediolateral
oblique view mammogram shows the localizing clip has deployed
at the biopsy site. The clip is in the expected location based on
review of diagnostic MRI examination. (K) Collimated photo-
graph of the biopsy site on the postbiopsy mammogram shows
air and small hematoma, with the localizing clip in place. Histo-
logic analysis yielded DCIS.
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in a dedicated biopsy compression device using a com-
mercially available grid-localizing system (Model BBC or
Biopsy Positioning Device Model MR-BI-160, MRI
Devices) or a slightly modified design of the commercially
available model.

An axial localizing sequence is obtained, and the volume
of interest selected to include the compression device and
a vitamin E marker placed over the expected lesion site.
Gadopentetate dimeglumine, 0.1mmol/L per kilogram of
body weight, is injected intravenously as a rapid bolus
injection through an indwelling intravenous catheter.
Acquisition of sagittal images starts immediately following
contrast injection using a T1-weighted 3D, fat-suppressed
fast spoiled gradient echo [17/2.4 (repetition time
msec/echo time msec); flip angle, 35 degrees, bandwidth
31.25] sequence is then performed. Section thickness is
3mm without gap, using a matrix of 256 ¥ 192 and field of
view of 18 to 22cm. Frequency is in the anterior-posterior
direction. Time of acquisition, usually less than 2min,
varies with breast size and area covered.The patient is then
withdrawn from the magnet with her breast remaining in
compression.

3.2.1.3. Determining Lesion Location and 
Desired Depth of Probe Insertion

After reviewing images at the console, a cursor is placed
over the lesion on the monitor. The horizontal (x) and ver-
tical (y) coordinates of the lesion are determined on the
basis of the spatial relationship between the lesion, vitamin
E marker, and grid lines. The depth (z) coordinate of the
lesion is determined on the basis of the relationship
between the lesion and the skin surface.

The skin surface is at the slice where the indentations
from the grid are evident as low signal intensity lines. The
depth of the lesion from the skin surface in millimeters (z)
is calculated by determining the number of sagittal slices
between the skin and the lesion and multiplying by 3 (to
account for the 3-mm slice thickness).

3.2.1.4. Preparing the Probe

The introducer is the device through which the stylet (to
create the tract), the obturator (for imaging confirmation
of location), and the biopsy device (for tissue acquisition
and placement of a localizing marker) are inserted into the
breast. The depth stop on the introducer is set to the lesion
depth. The introducer is scored in such a way to account
for the thickness of the needle guide in the grid.Therefore,
if the depth of the target is 30mm from the skin, the depth
stop should be set to 30.The stylet is then placed inside the
introducer as far as it will go. This is the initial device that
will later be placed in the patient.

3.2.1.5. Placing the Device and Imaging to 
Confirm Location

A mark is made on the skin overlying the lesion, and the
skin is cleansed with alcohol and anesthetized with 5mL
of 1% lidocaine HCl 10mg/mL (Xylocaine®) and approx-
imately 10mL 1% lidocaine 10mg/mL with epinephrine
1:100,000 (Xylocaine®) (Figure 20.1).

The appropriate hole of the needle guide is selected.The
stylet and introducer are then placed through the needle
guide in the appropriate orientation with the tip just pro-
truding from the far side of the needle guide, and the tip
of the stylet is placed in the skin at the site of the scalpel
incision before attaching the needle guide to the grid. This
helps to ensure that the biopsy device enters through the
incision site, even when the needle guide obscures the inci-
sion site. A twisting motion is helpful when advancing the
stylet. The stylet is advanced to the depth stop.

The stylet is removed, and the obturator is placed inside
the white plastic introducer, to assist in MRI confirmation
of location. The tray with the stylet is removed from the
room before MRI. Magnetic resonance imaging examina-
tion is then performed to document location of the obtu-
rator, with the ideal location of the tip being at the site of
the lesion. The scoring on the introducer is such that when
the depth stop is advanced to the needle guide, the tip of
the obturator is where the center of the collecting area of
the biopsy device will be, which should ideally be at the
center of the lesion.

3.2.1.6. Performing the Biopsy, Postexamination Images,
and Collecting the Specimens

If positioning is appropriate, the obturator is removed and
the biopsy device inserted. The control module is outside
the MRI scanner; only the foot pedal and biopsy device
come into the room with the magnet. The direction of
tissue acquisition is chosen based on location of the intro-
ducer with respect to the lesion. Because each specimen
weighs approximately 200mg, in general, we obtain 6 to 12
specimens.Tissue is acquired by stepping on the foot pedal.
An audible beep is heard each time a specimen is acquired.
The radiologist performing the biopsy controls the direc-
tion of tissue acquisition, by turning the arrow on the
biopsy probe in the desired direction.

After tissue acquisition is complete, the biopsy device is
removed, the obturator is reinserted, and postexamination
MRI is performed to assess the completeness of tissue
acquisition. While the postexamination images are being
acquired, the technologist retrieves the samples from the
collecting chamber and places them in formalin.

3.2.1.7. Placing the Clip

The clip (MammoMark Biopsy Site Marker, Artemis
Medical, Hayward, Calif.) is a titanium clip attached to a
resorbable collagen pledget. To prepare to place the clip,
the blue tubing is peeled off from the biopsy handpiece,
and the front end of the probe (with the mouth) is sepa-
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rated from the handpiece portion. The front end of the
probe is then placed back into the introducer. The clip
introducer is then placed inside the probe. Resistance is
felt when it encounters the end of the mouth, indicating
that it has reached the appropriate depth. The clip is
deployed by pushing down on the handle. The clip intro-
ducer is then turned 180 degrees and removed, the biopsy
handpiece is removed and inspected to make sure that the
clip deployed, and the introducer is removed. Postclip
sagittal MRI examination is performed to assess clip
deployment. Subsequently, a two-view mammogram is
obtained to determine the location of the clip with respect
to the remainder of the breast parenchyma.

3.2.1.8. Postbiopsy Care of the Breast

After biopsy, compression with ice is held approximately
20min to achieve hemostasis. The biopsy site is cleansed
with alcohol and dried with sterile gauze. Sterile strips are
placed over the biopsy site, and the patient is instructed to
leave them on until they fall off; she may shower in the
morning, but is asked not to take a bath or completely
immerse the breast in water for a few days. She is also
advised to refrain from heavy upper body exercises for a
few days. A gauze bandage or pressure dressing is then
placed over the sterile strips for 12 to 24h. The patient is
also given the contact information for the radiologist and
told when she will be contacted with the results.

3.3. Results

We performed a validation study of MRI-guided vacuum-
assisted biopsy at Memorial Sloan-Kettering Cancer
Center in 20 women with MRI-detected lesions who were
scheduled for MRI-guided localization and surgical exci-

sion.26 In this protocol approved by our Institutional
Review Board, we performed MRI-guided vacuum-
assisted biopsy with the Suros device, and then placed an
MRI-compatible hookwire for subsequent immediate 
surgical excision. Results of the MRI-guided vacuum-
assisted biopsy and surgical excision were reviewed and
correlated.

In our validation study, vacuum-assisted biopsy was suc-
cessfully performed in 19 (95%) of 20 women; in 1 woman,
the biopsy device could not be introduced, and the
vacuum-assisted biopsy was aborted. Of 27 MRI-detected
lesions that had biopsy, median size was 1.0cm (range,
0.4–6.4cm). Histologic analysis showed cancer in 8 of 27
(30%) lesions and in 6 of 19 (32%) women; among these
eight cancers, five were infiltrating and three were DCIS.
In these 27 lesions, histology was benign at vacuum-
assisted biopsy and at surgery in 19 (70%), cancer at
vacuum-assisted biopsy in 6 (22%) (Figure 20.3), ADH at
vacuum-assisted biopsy and DCIS at surgery in 1 (4%),
and benign at vacuum-assisted biopsy with surgery
showing microscopic DCIS that was occult at MRI in 1
(4%).

The median time to perform vacuum-assisted biopsy of
a single lesion was 35min (mean, 35; range, 24–48min).The
localizing clip, attempted in 26 lesions, was successfully
placed in 25 of 26 (96%) and was retrieved on specimen
radiography in 22 of 23 (96%). One complication occurred,
a hematoma that resolved with compression. These pre-
liminary results suggest that this method of MRI-guided
vacuum-assisted biopsy is a fast, safe, and accurate alter-
native to surgical excision for the diagnosis of MRI-
detected lesions.26 Based on this validation study, we now
offer MRI-guided vacuum-assisted biopsy as an alternative
to surgical excision for MRI-detected lesions that are sus-
picious or highly suggestive of malignancy.
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Figure 20.3. A 51-year-old woman status post prior right
lumpectomy and irradiation. (A) Mediolateral oblique view of
the right breast from screening mammogram shows moderately
dense tissue with no suspicious findings. Coarse calcifications
consistent with fat necrosis are present superiorly, at the lumpec-
tomy site. (B) Sagittal, T1-weighted, contrast-enhanced image of
the right breast from high-risk screening MRI examination shows
two irregularly shaped, irregularly marginated heterogeneously
enhancing masses in ductal orientation in the lower outer quad-
rant. These were not identified by mammography or sonography.
The patient agreed to participate in our validation study of 
MRI-guided vacuum-assisted biopsy. (C) Sagittal, T1-weighted,
contrast-enhanced image obtained during MRI-guided 
vacuum-assisted biopsy shows the two obturators evident as low
signal intensity artifact (arrows) immediately adjacent to the
enhancing lesions. Bright signal above the upper obturator may
represent a small hematoma. (D) Sagittal,T1-weighted MRI after

�
vacuum-assisted biopsy shows air and fluid at the site of the ante-
rior lesion. Mild postbiopsy hematoma is evident at the site of the
posterior lesion. The posterior clip and localization wire have
been placed, and are evident as low-signal artifact posteriorly.
(E) Sagittal, T1-weighted MRI after placement of the anterior
clip and localization wire shows that the wires and clips have been
placed, evident as low-signal artifact at the biopsy sites. Some of
the air and hematoma previously present at the biopsy site has
already been resorbed. (F) Collimated photograph of mediolat-
eral oblique mammographic view of the right breast after biopsy
and needle localization shows the localizing wires localizing the
two clips. Histologic analysis of vacuum-assisted biopsy material
yielded invasive ductal carcinoma and DCIS from the posterior
lesion, and small foci of invasive carcinoma from the anterior
lesion. Surgical excision, performed on the same day, showed
invasive ductal carcinoma, 1.1cm, and DCIS. The patient under-
went subsequent mastectomy.
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4. Challenging Scenarios at Magnetic
Resonance Imaging Guided 
Vacuum-Assisted Biopsy

Many of the challenges posed by MRI-guided vacuum-
assisted biopsy are similar to those posed by stereotactic
biopsy with patients prone in a dedicated table. Some of
the techniques described for stereotactic biopsy may be
useful to overcome these challenges. Furthermore, it is
helpful (if possible) to have technologists with expertise in
stereotactic biopsy assisting with these procedures.

4.1. Posterior Lesions

The vacuum-assisted biopsy device is particularly helpful
in performing biopsy of posterior lesions. Some posterior
lesions cannot be captured within the biopsy grid, a
problem that can also be encountered when performing
stereotactic biopsy with the patient in the prone position.31

If a lesion is close but posterior to the grid, the probe can
be positioned adjacent to the lesion, and suction can be
used to acquire tissue in the posterior direction to obtain
diagnostic material (Figure 20.4). Automated core biopsy
requires that the needle traverse a lesion to sample it. The
ability to position the vacuum-assisted biopsy device adja-
cent to the lesion and still acquire tissue from the lesion is

another advantage of vacuum-assisted biopsy over auto-
mated core biopsy.

4.2. Thin Breasts

Thin breasts pose challenges for MRI-guided vacuum-
assisted biopsy, as they do for stereotactic biopsy. The
entire thickness of the tip and collecting area (mouth) of
the probe must be within the breast to perform the biopsy.
Maneuvers that assist in biopsy of thin breasts include
raising a generous wheal of anesthetic and extrinsic cir-
cumferential pressure on the breast.32 Use of the minimal
amount of compression necessary may also be helpful, to
maximize breast thickness as well as to avoid interfering
with lesion enhancement.

Although no data yet address this issue, biopsy of thin
breasts may be facilitated by use of a coil (Biopsy Breast
Array Coil [Model BBC], MRI Devices) that has two par-
allel grids on either side of the breast. The grid on the side
opposite to the skin entry site of the needle could function
as a reverse compression paddle, such has been described
for stereotactic breast biopsy; when the probe is placed
deep into the breast, it displaces the skin and subcutaneous
tissues into the overlying aperture on the side opposite the
skin entry site without piercing the skin on the far side.31

Alternatively, a reverse compression paddle could poten-
tially be home built and taped to the far plate to accom-
plish the same goal.

Figure 20.4. A 49-year-old asymptomatic woman with history of
LCIS. (A) Collimated photograph of sagittal, T1-weighted MRI
of the left breast shows irregular enhancing 0.7-cm mass left
upper outer quadrant, not seen on mammography or sonography.
Magnetic resonance imaging guided vacuum-assisted biopsy was
performed. The lesion was posterior to the grid. The obturator
was inserted as far posteriorly as possible, just anterior to the

lesion. (B) Collimated photograph of sagittal T1-weighted MRI
obtained after tissue acquisition shows a small hematoma with a
vertical air-fluid level, and the clip (arrow) at the biopsy site. The
lesion is no longer evident. Histologic analysis of material
obtained at MRI-guided vacuum-assisted biopsy showed invasive
lobular carcinoma. No residual carcinoma was found at surgery.
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4.3. Medial Lesions

Although lateral lesions are more readily accessible for
MRI-guided interventional procedures performed with
the patient prone and with the breast to undergo biopsy in
a dedicated breast coil, several approaches may facilitate
access to medial lesions. Lesions that are only slightly
medial to the plane of the nipple may undergo biopsy from
a lateral approach. Lesions that are far medial in the breast
underwent biopsy by placing the patient in the prone
oblique position, with the breast of interest in the con-
tralateral coil, as has been described for MRI-guided
needle localization and surgical biopsy33 and is discussed
in the previous chapter (see Chapter 19). Finally, use of a
breast coil that allows removal of the compression paddles
on one side provides access to the medial aspect of the con-
tralateral breast (see Figure 19–6).

4.4. Augmented Breasts

Augmented breasts pose challenges for MRI-guided per-
cutaneous biopsy procedures, as they do for percutaneous
biopsy under ultrasound or stereotactic guidance.32 When
performing a biopsy in a woman with an implant, several
techniques are useful. First, one can attempt to push the
implant back, similar to an Eklund view for mammogra-
phy. Second, the biopsy handpiece can be placed at or
slightly posterior to the lesion (if this can be accomplished
safely), and then tissue can be acquired in the anterior
direction (away from the implant).

4.5. Lesion That May Not Have Been Sampled

Careful review of the images from MRI study performed
immediately after tissue acquisition is helpful to determine
whether the lesion has been sampled. If these images
suggest that the lesion has not been sampled, then reposi-
tioning and additional tissue acquisition may be appro-
priate. If the obturator is superficial to the lesion, the 
obturator is removed (leaving the introducer in place),
the stylet advanced, and then the obturator replaced. If the
obturator is deep to the lesion, the obturator and intro-
ducer are simply pulled back. Repeat MRI can then be per-
formed to document appropriate positioning before repeat
tissue acquisition. In lesions that exhibit rapid washout of
contrast material where review of the images after biopsy
leaves doubt as to whether the lesion was sampled, inject-
ing a second dose of intravenous contrast before MRI may
be helpful.

4.6. Clip Placement and Visualization

Some of the challenges posed by clip placement after 
MRI-guided vacuum-assisted biopsy are similar to those

encountered during clip placement under stereotactic
guidance and include failure to deploy and malposition
due to the accordion effect.30 In our validation study of
MRI-guided vacuum-assisted biopsy,26 the initial attempt
at clip placement was successful in 20 of 26 (77%) lesions,
and a second attempt was successful in 5 of 26 (19%)
lesions; in 1 (4%) lesion, clip placement failed in spite of
two attempts. It is our anecdotal impression that placing
the clip in an anterior direction (ie., toward the floor)
increases the likelihood of successful deployment. Careful
inspection of the biopsy handpiece after its removal is
essential; in all instances of unsuccessful clip deployment,
the collagen pledget was visible in the mouth of the biopsy
handpiece after its removal, and therefore failure of clip
deployment was immediately apparent to the radiologist
performing the biopsy. An immediate postbiopsy two-view
mammogram is also necessary, to confirm clip deployment
and to assess clip location.

Among the clips that deployed in our validation study,26

the median maximal distance of the clip to the biopsy site
(as judged by the position of the localizing wire) was 0.6cm
(range, 0.1–4.1cm). The distance from the clip to the local-
izing wire was 1cm or less in 19 of 25 (76%) lesions, 1.1cm
in 3 (12%) lesions, and 3cm or greater in 3 (12%) lesions;
the latter 3 lesions were all deep (i.e., medial) to the biopsy
sites. Use of the least compression required may help to
minimize the accordion effect. If the clip is distant from 
the biopsy site, use of MRI or mammographic landmarks
(if the biopsy cavity is well seen on the immediate post-
biopsy mammogram) may be necessary for subsequent
localization.

One issue regarding clip placement that is unique to
MRI-guided biopsy relates to the visibility of the clip on
MRI. In our validation study,26 the clip was evident as a
low-signal focus measuring a median of 0.6cm. In 4 (17%)
of 24 lesions in which MRI was performed after clip
deployment, the radiologist noted that the clip was diffi-
cult to distinguish from low-signal foci representing air;
comparing images before and after clip placement is
helpful in making this distinction. Further work, including
exploration of different clip materials or different pulse
sequences, may be helpful in improving clip conspicuity
after placement.

5. Conclusion

Magnetic resonance imaging guided percutaneous biopsy
can be accomplished with a variety of equipment, includ-
ing fine needles, automated core needles, and vacuum-
assisted biopsy probes. Fine needle aspiration biopsy under
MRI guidance suffers from problems of insufficient speci-
mens, as encountered in fine needle aspiration under
stereotactic or ultrasound guidance. Magnetic resonance
imaging guided automated core biopsy can have high diag-
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nostic yield, but has potential problems of targeting small
lesions that decrease in conspicuity during the biopsy pro-
cedure, histologic underestimation of lesions containing
ADH and DCIS, and limited ability to place a localizing
clip.

Vacuum-assisted devices may be advantageous for MRI-
guided percutaneous breast biopsy, because vacuum-
assisted biopsy can be performed quickly, removes a large
volume of tissue, provides more accurate characterization
of lesions containing ADH and DCIS, and enables place-
ment of a localizing clip. Magnetic resonance imaging
guided vacuum-assisted biopsy is a fast, safe, and accurate
alternative to surgical excision for the diagnosis of MRI-
detected lesions. Further work is necessary, including opti-
mization of equipment and techniques for performing
biopsy and placement of a localizing marker, evaluation of
larger numbers of women, studies of cost effectiveness, and
long-term follow up, so that we can offer women the ben-
efits of MRI in breast cancer detection while minimizing
surgical procedures for lesions that are benign.
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Progress in fighting breast cancer has been marked by
development of effective, less invasive diagnostic and
treatment techniques. In the past, the Halsted radical mas-
tectomy1 was the standard of care for the surgical man-
agement of invasive breast cancer. Breast conservation
surgery created a revolution in breast cancer treatment,
offering effective treatment while enabling breast preser-
vation.2 Other revolutions in breast cancer diagnosis and
therapy have included percutaneous image-guided breast
biopsy (for diagnosis)3 and sentinel lymphadenectomy (for
treatment).4

Image-guided tumor ablation is defined as the applica-
tion under imaging guidance of chemical or thermal ther-
apies to a specific focal tumor (or tumors) in an attempt to
achieve eradication or substantial tumor destruction.5 For
image-guided ablation of breast cancer, most work to date
has involved thermal methods that use heat or cold to kill
tumor cells.6 Methods of heating the tumor include laser
ablation, radiofrequency ablation, and high-intensity
focused ultrasound. Cooling the tumor can be accom-
plished through cryoablation. This chapter reviews
research relating to percutaneous image-guided breast
cancer ablation, and discusses the potential role of breast
magnetic resonance imaging (MRI) in planning, targeting,
monitoring, controlling, and follow up after image-guided
ablative treatment.

1. Terminology

The Working Group on Image-Guided Tumor Ablation
has proposed standardized language for reporting image-
guided ablation procedures and outcomes.5 The index
tumor is the initially identified tumor before ablation. For
thermal therapies, energy is said to be applied. The term
applicator should be used to describe all devices used to
apply the energy for thermal ablation: for example, laser
applicators are fibers, radiofrequency applicators are elec-

trodes, and the applicators that freeze tissue during cryab-
lation are cryoprobes.

According to the proposed standardized terminology,
imaging serves five functions for image-guided ablation
procedures: (1) planning, that is, assessment of tumor size,
shape, and location within the organ and relative to blood
vessels as well as other structures at risk during the abla-
tion procedure; (2) targeting, that is, placement of the
applicator or focusing the energy into the tumor (ideally
with a method that can clearly delineate the tumor from
surrounding tissue and that can provide real-time imaging
and multiplanar capabilities); (3) monitoring, that is,
viewing therapy effects during a procedure; (4) controlling,
that is, tools and techniques used during the procedure to
control the treatment; and (5) assessing treatment
response.5

Standard terminology has also been proposed for
describing pathologic and imaging findings after tumor
ablation. The zone of cell death at pathologic examination
should be called the zone of coagulation or coagulation
necrosis. Most thermal treatments induce a central 
white zone of coagulation, usually thought to represent
coagulated tissue, surrounded by a variable red zone
of hyperemia. The Working Group on Tumor Ablation 
suggests that both measurements be reported. The term
ablation zone refers to the radiologic region or zone of
induced treatment effect (i.e., the area of gross destruction
seen at imaging). The term lesion should be avoided
because of potential confusion: lesion has been used to
refer to the ablation zone and the underlying tumor to 
be ablated. The Working Group proposed the term 
ablative margin to refer to the 0.5- to 1.0-cm wide region
beyond the border of the tumor that should ideally be
ablated.5

Specific terms have also been proposed to describe out-
comes. An ablation is technically successful if a tumor is
treated according to the protocol and covered completely.
The term technical effectiveness refers to a prospectively
defined time point at which complete ablation of macro-
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scopic tumor as seen at imaging follow up or another spec-
ified endpoint was achieved. Debulking refers to a proce-
dure performed with the sole intent of decreasing the
tumor burden. Local tumor progression refers to the devel-
opment of foci of untreated disease in tumors that were
previously considered to be completely ablated. The
Working Group on Image-Guided Tumor Ablation also
made recommendations regarding the classification of
complications, pain, postablation syndrome, and follow-up
imaging after treatment.5

2. Methods of Thermal Destruction

Thermal injury with heat or cold can result in cell 
death. Heating tumors with laser, radiofrequency, or
focused ultrasound can result in coagulative necrosis.
Alternatively, cryotherapeutic cooling techniques can kill
cells by two mechanisms, depending on the cooling rate:
extracellular ice, increased osmolarity of the extracellular
fluid that is not frozen, and osmotic damage to cells (at low
cooling rates) or in intracellular ice (at high cooling
rates).7,8

The relationship between temperature and cell death
has been studied by numerous investigators. Sapareto and
Dewey9 used mathematical modeling to calculate the
thermal dose necessary in cancer therapy. Borrelli and col-
leagues10 described the time-temperature relationship for
killing of baby hamster kidney (BHK) cells. Rui and col-
leagues11 described the relationship between thermal vari-
ables and the degree of freezing in human breast cancer
cells and normal cells. These basic investigations are 
necessary to design clinical protocols for image-guided
ablation.

Image-guided breast cancer ablation requires an
imaging modality that has high sensitivity in breast cancer
detection, that can delineate the cancer from the sur-
rounding tissue, that enables monitoring and controlling of
therapy effects during procedures, and that enables follow
up of patients after treatment. Magnetic resonance
imaging is advantageous for these purposes.12 Magnetic
resonance imaging may provide more accurate assessment
of extent of disease than mammography or sonography,
and hence is useful for treatment planning.The delineation
of tumor from surrounding tissue provided by MRI is
useful for targeting. Furthermore, MRI enables generation
of temperature-sensitive maps that can be used to monitor
heating or cooling during therapy.These MRI temperature
maps can be made using T1-weighted images (due to the
temperature sensitivity of the spin-lattice relaxation time,
T1, which obeys a linear relationship over a small range of
temperatures) or diffusion imaging.13 Magnetic resonance
imaging may also be useful for assessment of response
after image-guided ablative treatment.

2.1. Laser Ablation

Laser ablation is the term used to describe all types of 
ablation with light energy. Interstitial or direct laser
ablation is laser ablation applied via fibers directly inserted
into the tissue. Laser ablation of solid tumors is accom-
plished by insertion of a thin optical fiber, which can be
placed through a needle, into the target lesion.14 The fiber
delivers laser light energy from its tip that results in
heating and coagulative necrosis of tumor cells. The use of
a precharred fiber may result in a more predictable extent
of necrosis.15 Semiconductor diode laser and Nd:Yag pulse
lasers have been used for laser ablation.12 Laser burns
measuring up to 1cm can be generated by application of 
2 to 2.5W for approximately 500s; use of multiple fibers 
or special pull-back methods can yield burns as large as
4cm.12

Mumtaz and colleagues15 described 20 women with
symptomatic breast cancer who had laser ablation with a
single fiber prior to surgical excision. Laser ablation was
performed under ultrasound guidance through an 18-
gauge needle, using low power (2W/500s). Treatment was
monitored with ultrasound, which showed an irregular
hyperechoic zone that correlated poorly with the histologic
extent of laser-induced necrosis. Gadolinium-enhanced T1-
weighted three-dimensional fast low-angle shot (FLASH)
MRI was performed before and at a median of 48h after
laser treatment, before surgical resection (i.e., MRI was
used for treatment planning and for follow up after treat-
ment). Median diameter of enhancing masses on MRI
prior to treatment was 21mm.

Although early (4-hour) follow-up MRI failed to iden-
tify any laser effect, later (24–96) follow-up MRI scans
showed a zone of nonenhancement within the residual
enhancing tumor, which correlated with laser-induced
necrosis found at surgery. The median diameter of the
laser-induced necrosis on the gadolinium-enhanced images
was 10mm at MRI and at histologic analysis. Correlation
coefficients between MRI and histologic findings were 0.80
for the laser-burn diameter and 0.86 for residual tumor.
The area of laser-induced necrosis was completely within
the tumor margins in 13 (65%) patients, extended beyond
the margin of the invasive tumor in 5 (25%), and missed
the tumor in 2 (10%).The data of Mumtaz and colleagues15

suggest that delayed gadolinium-enhanced MRI can define
the extent of laser-induced necrosis and residual tumor
after laser ablation.

Dowlatshahi and coworkers16 have published their expe-
rience with laser ablation of small breast cancers over a 7-
year period from 1994 to 2002. In their study, 54 women
with breast cancer (50 invasive, 4 in situ) of median diam-
eter 12 (5–23) mm were treated by a stereotactically
guided 805-nm laser beam via a fiber in a 16-gauge needle
delivered to the cancer (Figure 21.1). Surgery was per-
formed 1 to 2 weeks later (Figure 21.2).
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In this study, Dowlatshahi and coworkers16 found no
adverse effects. The average treatment time was 30min. At
pathology, the zone of laser-induced change was evident as
a 2.5- to 3.5-cm hemorrhagic ring surrounding the necrotic
tumor. The overall success rate for tumor ablation was
70%, which includes the learning curve, technical, and pro-

cedural changes over the study period. The authors state
that under “steady conditions” in two groups of 14 patients,
93% and 100% of tumors showed complete necrosis, with
clear histologic margins.

In the two studies of laser ablation discussed previously,
MRI was not used for monitoring, or controlling the abla-
tion procedure.15,16 However, MRI may be useful for these
aspects of image-guided laser ablation. Magnetic reso-
nance imaging may identify acute laser-induced tissue
changes that are poorly visualized with ultrasound15 and
not identified with stereotactic imaging.16 Hall-Craggs12

found that within 1min of starting laser treatment, T1-
weighted images obtained at high field strength show areas
of low signal intensity around the fiber tip that persist
during therapy, perhaps due to temperature changes
and/or tissue coagulation. Temperature-sensitive MRI
mapping during laser treatment may facilitate therapy,
enabling identification of inadequate heating so that com-
plete tumor ablation could be achieved in a higher pro-
portion of patients.

2.2. Radiofrequency Ablation

Radiofrequency ablation refers to coagulation induction
from all electromagnetic energy sources with frequencies
less than 900kHz, although most devices function in the
375 to 500kHz range.5 (Radiofrequency ablation is differ-
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Figure 21.1. Stereotactic images demonstrating laser treatment
of invasive ductal carcinoma in a 74-year-old woman. The lower
needle is the laser probe, and the upper needle is the thermal
probe. The metal markers serve as references. (Courtesy of
Kambiz Dowlatshahi, MD, Professor of Surgery, Rush University,
Chicago, IL.)

Figure 21.2. Gross serial sections of a 2.0-cm invasive ductal car-
cinoma in a 45-year-old woman who had stereotactic-guided laser
treatment followed by lumpectomy 1 week later.The sections are
4 to 5mm thick. The images on the far right best demonstrate the
bull’s-eye pattern in which the center represents the location of

the laser fiber, surrounded by the zone of coagulated tumor, a
thin hyperemic zone, and adjacent fat necrosis. No residual tumor
was found at surgery. (Courtesy of Kambiz Dowlatshahi, MD,
Professor of Surgery, Rush University, Chicago, IL.)



ent from microwave ablation, a term used to describe elec-
tromagnetic methods that induce tumor destruction by
using devices with frequencies greater than or equal to
900kHz.) Radiofrequency ablation requires insertion of a
radiofrequency probe into the index tumor. Frictional
heating occurs when the ions in tissue attempt to follow 
a rapidly changing alternating current flowing from an
uninsulated electrode tip. This method has been used for
ablation of tumors in the liver, prostate, bone, kidney, lung,
and brain.17

The first clinical report of radiofrequency ablation in
breast cancer was from Jeffrey and colleagues.18 Five
women with locally advanced (stage III) invasive breast
cancer who were undergoing surgical resection of the
tumor had radiofrequency ablation delivered intraopera-
tively, immediately prior to surgical excision. Under
general anesthesia, a 15-gauge insulated multiple needle
electrode was inserted into the index tumor under ultra-
sound guidance. Radiofrequency energy was applied
according to a predetermined protocol for a period of up
to 30min. Only a portion of the tumor was treated in order
to assess the margin between ablated and nonablated
tissue. Pathologic analysis included special cell viability
staining with nicotinamide adenine dinucleotide (NADH)-
diaphorase.

In these five women, the ablation zone extended around
the radiofrequency electrode for 0.8 to 1.8cm. Hema-
toxylin-eosin staining showed complete cell death in two
(40%) patients and a mixed pattern of necrotic and
normal-appearing cells within the ablated tissue in three

(60%) women. Cell viability (NADH-diaphorase) stains
showed complete cell death in four (80%) patients and a
single focus of viable cells partially lining a cyst in one
(20%) patient. The authors suggested that the technique
warrants further study and may be most applicable for
tumors smaller than 3cm in maximal diameter.

In pioneering studies performed at M.D. Anderson,19,20

radiofrequency ablation was delivered through a 15-gauge
needle electrode placed under real-time ultrasound guid-
ance to 21 malignant lesions in 20 patients (Figure 21.3).
A temperature of 95 °C was maintained for 15min at the
tip of the prongs. Nicotinamide adenine dinucleotide-
diaphorase staining was performed in addition to con-
ventional pathologic analysis. Fornage and colleagues20

reported complete ablation of the target lesion visualized
on ultrasound in 21 of 21 (100%) lesions. In one patient
who had received preoperative chemotherapy for a T2
invasive breast cancer, residual invasive and in situ carci-
noma was found at surgery, although no residual lesion was
identified by mammography or ultrasound after treatment.
No adverse effects were identified.

Although these reports used ultrasound guidance for
delivery of radiofrequency ablation, there are potential
advantages of MRI rather than ultrasound to guide
radiofrequency ablation. Ultrasound may underestimate
the extent of tumor, particularly with respect to the in situ
component; MRI may provide more accurate assessment
of extent of disease and hence may be advantageous for
treatment planning and targeting. With appropriate equip-
ment, MRI could provide the potential ability to monitor
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Figure 21.3. Ultrasound-guided radiofrequency (RF) ablation of
a small breast cancer. (A) Longitudinal sonogram obtained
immediately prior to RF ablation of a small breast cancer shows
three of the RF ablation device’s prongs (arrows) deployed in the
center of the tumor (arrowheads). (B) Photograph of a post-RF

ablation lumpectomy specimen shows a small carcinoma
(arrows) in the center of the thermal lesion delineated by the
hyperemic ring (arrowheads). (Courtesy of Bruno D. Fornage,
MD, Professor of Radiology and Surgical Oncology, The Univer-
sity of Texas MD Anderson Cancer Center, Houston, TX.)
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temperature changes during treatment, which were poorly
assessed with ultrasound,19,20 and could play a role in 
controlling the procedure as well as postablation follow up.

2.3. High-Intensity Focused Ultrasound

There are two methods of ultrasound ablation of tumors:
(1) extracorporeal (transcutaneous) and (2) direct, with a
needle-like applicator.5 High-intensity focused ultrasound
refers to the extracorporeal method, while direct ultra-
sound ablation refers to placing an applicator within the
index tumor either percutaneously or via laparoscopic
insertion.

High-intensity focused ultrasound has several advan-
tages as a method for thermal destruction of breast tumors.
Focused ultrasound can be accomplished noninvasively,
without insertion of a probe. The ultrasound beams can be
sharply focused and tailored to the desired volume; unlike
laser and radiofrequency ablation, which rely on heat ema-
nating from a point source, focused ultrasound enables tar-
geting complex anatomic arrangement of tumors in three
dimensions, and facilitates target ablation without damage
to the surrounding or overlying tissues. The focus of the
beam can be changed in real time, to accommodate move-
ment during treatment. A potential disadvantage of
focused ultrasound is longer treatment times.

Magnetic resonance imaging is useful in monitoring the
changes that occur during focused ultrasound ablation. In
a study of focused ultrasound lesions produced in dog’s
thigh muscle in vivo, Hynynen and colleagues21 found that
T2-weighted images demonstrated the lesions, and that the
dimensions measured on MRI correlated with the post-
mortem measurements of tissue damage. In a subsequent
study of sonications in rabbit thigh muscle, Hynynen and
colleagues22 used gradient-recalled acquisition in a steady
state (GRASS) T1-weighted images, with contrast injected
before or after the sonications.They found that MRI could
be used to detect temperature elevations that did not cause
tissue damage, and that contrast agent was useful in delin-
eating the necrosed tissue volume. In another study, Cline
and coworkers13 showed that MRI temperature maps of
muscle provided localization and dosimetry both in the
focal region and in the near field.

In animal studies, McDannold and coworkers23 showed
a linear relationship between applied power and shifts in
the proton resonant frequency. Fluctuations in the location
of the focus about the target location were on the order of
the resolution of the MRI examination. The temperature
increase and lesion size varied significantly. Regions of
tissue coagulation calculated from MRI data correlated
well with posttherapy imaging. An ex vivo study of bovine
kidney and liver by Graham and colleagues24 used proton
resonance frequency shift MRI thermometry during
heating at 10-s intervals. Thermal coagulation occurred
with heating at approximately 54 °C for 10s in both tissues

and could be predicted with approximately 625mm of
spatial resolution.

Early work has been done using focused ultrasound in
clinical patients with breast disease. Hynynen and col-
leagues25 tested the feasibility of using MRI-guided
focused ultrasound to treat 11 benign fibroadenomas of
the breast. Target volumes were defined on T2-weighted
images, and sequential sonications were delivered to treat
the entire target. Temperature-sensitive phase-difference
based MRI was performed to monitor localization of the
focus and changes in temperature during therapy.

Magnetic resonance imaging monitoring of focused
ultrasound treatment improved during the study period,
with 82% (279/342) hot spots visible in the last seven 
treatments. Eight (73%) of the 11 lesions demonstrated
complete or partial lack of contrast enhancement on 
posttreatment T1-weighted images. Three lesions did not
show decrease in contrast enhancement, probably due to
insufficient acoustic power and/or patient movement. One
case of pectoralis muscle edema was identified 2 days after
treatment; no other adverse effects were identified.

Preliminary work has also addressed the use of MRI-
guided focused ultrasound to treat breast cancer (Figure
21.4). Gianfelice and colleagues26 used MRI-guided
focused ultrasound to treat 12 patients with invasive breast
cancer prior to surgical resection.Anesthesia was provided
with fentanyl citrate, 50mg per dose, one to four doses, and
midazolam, 1mg per dose, two to four doses, intravenously
as needed. Focused ultrasound ablation was performed
with one of two systems, the Mark 1 system or the Mark 2
system (InSighte-TxSonics, Haifa, Israel).

To perform focused ultrasound ablation, the patient was
placed prone on the treatment table and the breast was
placed in the center of a ring-shaped MRI coil. Degassed
water was placed between the breast and the ultrasound
transducer to increase acoustic coupling; for the last five
patients, the breast was placed in a gel-filled container. A
series of T1-weighted spin echo images were obtained in
the sagittal, transverse, and coronal planes, transferred to
the focused ultrasound workstation, and used for the radi-
ologist to manually draw an outline of the targeted lesion,
including approximately 5mm of surrounding tissue.
Determination of the treatment zone was made by the
radiologist in conjunction with MRI and other imaging
studies acquired prior to treatment.

The center of the lesion was sonicated with a noneffec-
tive dose (2–60W) of ultrasound energy to test the accu-
racy of lesion targeting. Then sonication was performed at
therapeutic power levels (up to 400W) on multiple over-
lapping points until the target volume was ablated.
Focused ultrasound treatments were verified by using MRI
phase maps that showed temperature-dependent changes
in resonant frequency. The number of sonications ranged
from 12 to 52 and the total treatment duration was 35 to
133min; the total time required to perform MRI-guided
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focused ultrasound ablation and subsequent MRI was 2.0
to 2.5h.

Focused ultrasound ablation was well tolerated, with
two minor skin burns in two (17%) patients and no other
complications.The pain was graded by the patients as slight
in four cases (33%) and moderate in eight (67%); three
(25%) patients reported tenderness around the treatment
zone. In three patients treated with the Mark 1 ultrasound
system, a mean of 47% of the tumor within the target zone
and a mean of 43% of the cancer tissue was necrosed. In
nine patients treated with the Mark 2 ultrasound system,
a mean of 95% of the tumor was within the target zone
and a mean of 88% of the cancer was necrosed.

Residual viable cancer was present at surgery in 10
(83%) of the 12 patients. Residual cancer was found
outside the targeted zone when targeting was poor (in two
patients) or imperfect (in three patients), and residual
tumor was found at the periphery of the tumor when tar-
geting was accurate (in five patients). In two (17%)
patients, no residual cancer was found (Figure 21.5). The
authors concluded that thermal coagulation of small breast

cancers by means of MRI-guided focused ultrasound abla-
tion may be feasible, but that the data indicate the need 
to increase the total target area (e.g., by increasing the
number of sonications).

2.4. Cryablation

Cryoablation or cryotherapy is the term used to describe
all methods of destroying tissue by the application of low-
temperature freezing.5 Cryoablation requires insertion of
a cryoprobe into the index tumor. The cryoprobe is cooled
internally with a cryogen such as argon and insulated
except at the tip. The uninsulated tip is inserted into the
tumor; as heat is removed, the index tumor is frozen from
the probe surface outward. The flow of freezing agent is
stopped after the target volume has been frozen, and the
tissue is allowed to thaw. After cryoablation, the frozen
tissue is left is in situ, to be re-absorbed by the immune
system over time.11

An advantage of cryoablation is that the cold itself pro-
vides some anesthesia. A disadvantage of cryoablation is
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Figure 21.4. Focused ultrasound ablation of a cancer with resid-
ual disease at surgery. (A) Sagittal, T1-weighted, contrast-
enhanced MRI in a 52-year-old woman with a nonpalpable,
mammographically detected 1.6-cm mass. Ultrasound-guided
core biopsy yielded infiltrating ductal carcinoma, moderately dif-
ferentiated, with a minor component of DCIS, intermediate
nuclear grade. Magnetic resonance imaging shows an irregular,
heterogeneously enhancing mass, corresponding to the biopsy-
proven cancer. The patient had focused ultrasound ablation of
her tumor. (B) Sagittal, T1-weighted, contrast-enhanced MRI 6
days after focused ultrasound ablation (but before surgery)

shows that the mass is no longer evident. At surgery, performed
1 day after this MRI, the surgeon indicated that grossly the
treated tissue was clearly delineated from the surrounding tissue.
Surgical histologic analysis showed showed a 1.4-cm invasive
ductal carcinoma and no DCIS.Approximately 25% of the tumor
appeared to be necrotic around the periphery, but the central
portion of the tumor appeared viable. Numerous mitotic figures
were present. Some adjacent normal tissue also appeared
necrotic. Stromal edema and hemorrhage were also present.
(Courtesy of Darrell N. Smith, MD, Assistant Professor of 
Radiology, Brigham and Women’s Hospital, Boston, MA.)
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Figure 21.5. Focused ultrasound ablation of a cancer with no
residual disease at surgery. (A) Sagittal T1-weighted image from
contrast-enhanced MRI of 57-year-old woman who presented
with suspicious mass on screening mammography shows an
irregular, spiculated mass in the right lower inner quadrant. (B)
Axial T1-weighted image from the same contrast-enhanced MRI
shown in A shows the spiculated mass in the lower inner quad-
rant. Ultrasound-guided core biopsy yielded infiltrating ductal
carcinoma. (C) Sagittal T1-weighted image from contrast-
enhanced MRI performed 7 days after focused ultrasound abla-
tion shows the spiculated mass, which demonstrates diminished

enhancement by visual analysis as well as kinetic curves (not
shown). (D) Axial T1-weighted image from the same postabla-
tion contrast-enhanced MRI shown in C demonstrates the spic-
ulated mass with decreased enhancement as compared with the
pre-ablation examination. The patient had subsequent lumpec-
tomy 10 days after ablation. Surgical histologic analysis demon-
strated total ablation of the neoplastic lesion with ablation of
perilesional fat. (Courtesy of David Gianfelice, MD, Section
Chief of Abdominal Imaging and Associate Professor of Radiol-
ogy, Centre Hospitalier Universite, Montreal, Canada.)

that cell killing may be less effective, particularly if an
insufficient number of freeze/thaw cycles are used. In a
study of mice transplanted with mammary tumors,27

the best results from cryoablation were obtained when
using at least five freeze-thaw cycles at -180 °C. In a study
of breast cancer cells and normal cells, a double freeze-
thaw cycle significantly increased the extent of cell
damage.11

Cryoablation has been used clinically in patients with
breast disease. Rand and colleagues27 used intraoperative

cryoablation in conjunction with lumpectomy in a 77-year-
old woman with a breast cancer measuring 2cm at maximal
diameter. The iceball was monitored with intraoperative
real-time ultrasound guidance, which demonstrated the
echogenic front edge of the iceball. Subsequent surgical
excision showed complete necrosis of the tumor; only cell
debris was detected at histologic analysis.

Cryoablation has been used to ablate benign fibro-
adenomas (Figure 21.6). Kaufman and colleagues28 used a
table-top cryoablation system with a 2.4-mm cryoprobe to
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treat 50 women with 57 core biopsy-proven fibroadenomas
(mean diameter, 21mm; range, 7–42mm). Local anesthetic
was used, and the cryoprobe was inserted under ultrasound
guidance. Sterile saline was injected as needed between the
lesion and the skin to protect the skin from cold injury.
Treatment duration ranged from 6 to 30min. The iceball
engulfed the target lesion in each case. Local swelling and
ecchymosis were transient postprocedural effects. Lesions
showed progressive shrinkage and disappearance over 3 to
12 months. No skin injury was noted and cosmesis was
excellent. No surgical follow up is available to quantify
extent of histologic ablation in this study.

Pfleiderer and colleagues29 evaluated the use of cryo-
ablation under ultrasound guidance to treat 16 breast
cancers in 15 women. The mean diameter of these lesions
was 21 ± 8mm.A 3-mm cryoprobe was placed in the tumor
under ultrasound guidance, and two freeze-thaw cycles
with durations of 7 to 10min and 5min, respectively, were
performed. The size of the iceballs was monitored sono-
graphically every minute, with the mean iceball diameter
28 ± 3mm after the second freezing cycle. The patients had
surgery within 5 days.

Among these 16 cancers, 3 (19%) had no residual tumor
found after cryoablation; an additional 2 (13%) lesions had
no residual invasive cancer but did have residual ductal
carcinoma in situ (DCIS). All five of the tumors without
residual invasive cancer at surgery measured less than
16mm on the pretreatment imaging studies. In 11 (69%)
tumors, all of which measured 23mm or larger in maximal
diameter on pretreatment imaging studies, cryoablation
resulted in incomplete necrosis. These data suggest that

cryoablation may obliterate the invasive component of 
a small tumor. Problems, however, were encountered 
with larger lesions or lesions with a significant in situ 
component.

Although the studies described used ultrasound to guide
cryoablation, there may be advantages to the use of MRI
for this purpose.30,31 Ultrasound can identify the superficial
edge of the iceball as an echogenic structure, but cannot
image the posterior aspect of the iceball or the tissues deep
to the iceball. Magnetic resonance imaging, on the other
hand, could image both superficial and deep to the target
lesion. Furthermore, MRI would be more sensitive in the
identification of the in situ component of the tumor, which
may enable more successful ablation.

3. Image-Guided Ablation of 
Breast Cancer: Problems

There are several potential problems with the use of
image-guided ablation of breast cancer. Image-guided
ablation would likely only be applicable to small breast
cancers, tumors that have an excellent prognosis with
current treatment methods. Any alternative to surgery
would have to meet this high standard to be clinically
acceptable. Most image-guided ablation methods require
substantial anesthesia; hence, one of the main advantages
of sparing surgery (avoiding anesthesia) is lost. Image-
guided ablation techniques may require long procedure
times (up to 2h or more). Tumors close to the skin or chest
wall may not be amenable to some methods of thermal
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Figure 21.6. Cryoablation of a fibroadenoma. (A) Sonogram of
the breast shows a large fibroadenoma. (B) Longitudinal sono-
gram obtained during cryoablation. The iceball and its associated
acoustic shadow encompass the fibroadenoma. (Courtesy of

Bruno D. Fornage, MD, Professor of Radiology and Surgical
Oncology,The University of Texas MD Anderson Cancer Center,
Houston, TX.)
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ablation, due to the potential for injury of these adjacent
structures.

Current breast cancer treatment is dependent on thor-
ough histologic evaluation of the tumor, including assess-
ment of margins. This information would have to be
reliably obtained from a combination of pretreatment
imaging and percutaneous needle biopsy for image-guided
ablation to be a reasonable therapeutic approach.Whether
this can be accomplished is unresolved.

In most studies of image-guided ablation of breast
cancer followed by resection, residual tumor has been
reported in a substantial proportion of women (Table
21.1), particularly at the tumor periphery. This may reflect
a tendency to undertreat in the early trials, but also may
indicate a limitation of these methods.Techniques that rely
on a point source of thermal injury (such as laser ablation,
radiofrequency ablation, and cryoablation) may drop off
at the periphery. To obtain the temperatures necessary to
reliably ablate the periphery may require an intolerable
temperature at the source, particularly for larger tumors 
or lesions that have complex arrangements in three 
dimensions.

Treatment of invasive breast cancers currently requires
surgical assessment of the axilla; for small breast cancers,
this is often accomplished with sentinel lymph node biopsy.
Even if image-guided ablation of the tumor can be accom-
plished, invasive cancers currently still require surgical
assessment of the axilla; hence, image-guided ablation
would not obviate the need for surgery. Furthermore, the
impact of image-guided ablation on patterns of lymphatic
drainage from the tumor site has not been determined;
whether these procedures would impact on subsequent
sentinel lymph node mapping is unknown.

Most of the experimental protocols described have been
designed so that image-guided ablation is followed by
resection soon thereafter, with cell killing assessed using
special cell viability stains. The long-term effect of image-
guided ablation on breast cancers in vivo has not yet 
been assessed. In addition to further studies of women 
who undergo image-guided ablation and subsequent 
excision, studies comparing recurrence rates in women
who have ablation versus women who have standardized
treatments may be necessary to determine if results are
comparable; because the recurrence rate is so low with
standard treatment, these studies will require large
numbers of women and long-term follow up. The impact
of image-guided ablation on physical examination, cosme-
sis, and imaging findings at long-term follow up also needs
to be assessed, as do issues of patient tolerance and cost
effectiveness. Use of MRI in percutaneous ablation will
require development and optimization of appropriate
equipment and techniques.

4. Summary and Conclusions

Image-guided ablation of breast cancer may be possible.
However, it is likely to be applicable only to small breast
cancers, tumors that have excellent prognosis with current
treatment methods; hence, in order to be a reasonable
therapeutic option, image-guided ablation must meet a
high standard. Early studies have suggested that image-
guided ablation techniques can be performed in patients
and can result in cell death. Further investigation is neces-
sary to determine if these methods will be acceptable in
the future treatment of women with breast cancer. Breast
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Table 21.1. Selected Studies of Percutaneous Image-guided Ablation of Breast Cancer

No. No.
Completely Partially No. No.

No. Ablated Ablated Missed Complications Time
Investigator/Year Method Treated (%) (%) (%) (%) (min)

Mumtaz/199615 Laser 20 0 (0) 18 (90) 2 (10) 2 (10)a NSa

Dowlatshahi/200216 Laser 54 38 (70) 16 (30) 0 (0) 0 (0) 25–30
Jeffrey/199918 RFA 5 0 (0) 5 (100) 0 (0) 0 (0) 30
Fornage/200420 RFA 21b 20 (95) 1 (5) 0 (0) 0 (0) NSb

Gianfelice/200326 FUS 12 2 (17) 10 (83) 0 (0) 2 (17)c 35–133
Pfleiderer/200229 Cryo 16d 3 (19) 13 (81)d 0 (0) 1 (6)d 41–64

Abbreviations: Cryo, cryoablation; FUS, focused ultrasound; NS, not stated; RFA, radiofrequency ablation.
a Complications were pain in two patients at 300 and 350s, requiring stopping treatment. Time range was not recorded, but the authors indicate that
lesions were treated at low power, 2W/500s (1000J).
b Twenty-one malignant lesions in 20 patients were treated. The time range was not stated, but the authors indicate placement of the needle-
electrode took 5–10min and that a temperature of 95°C was maintained for 15min.
c These two complications were minor skin burns. Of the 12 patients treated, pain was judged as slight in 4 (33%) and moderate in 8 (67%);
3 (25%) patients reported tenderness around the treatment zone.
d Sixteen tumors were treated in 15 patients. Among the 13 tumors that were partially ablated, 2 had complete ablation of the invasive
component but had residual DCIS. The one complication was a seroma requiring aspiration; three patients required additional analgesia after the
procedure.



MRI, by providing a sensitive method for treatment plan-
ning, targeting, monitoring, controlling, and follow up after
image-guided ablation, will likely play a major role in these
future studies.
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1.1. Fatty
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Figure 22.1. A 40-year-old woman with strong family history of
breast cancer for screening magnetic resonance imaging (MRI)
examination. The breast is almost entirely fat. Note normal
vessels coursing through the pectoralis major muscle. These all
subsequent images were performed after contrast administration
using a sagittal fat suppressed T1 weighted image (MSKCC pro-
tocol) unless otherwise indicated.

Figure 22.2. A 41-year-old woman with almost entirely fatty
breast presents with a mass on screening mammography. On
ultrasound the mass was echogenic and very vascular. On MRI
the mass is round and irregular and demonstrates homogeneous
enhancement. At biopsy, an hemangioma was found.
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1.2. Scattered Fibroglandular Densities

Figure 22.3. A 78-year-old woman with con-
tralateral breast carcinoma. Magnetic reso-
nance imaging demonstrates scattered
fibroglandular densities with no suspicious
findings. Note penetrating enhancing vessels in
chest wall.

Figure 22.4. A 48-year-old status post
lumpectomy and two re-excisions in the con-
tralateral breast. Heterogeneously dense
parenchyma is noted in this breast without sig-
nificant enhancement. Note enhancing vessels
penetrating the chest wall.

1.3. Heterogeneously Dense
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Figure 22.5. A 52-year-old woman status post
lumpectomy in contralateral breast. (A) Het-
erogeneously dense breast shows a dominant
cyst centrally on the T2-weighted image. (B)
Postcontrast T1-weighted image demonstrates
stippled enhancement, often seen with fibro-
cystic changes.
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1.4. Dense

Figure 22.6. A 45-year-old woman with
extremely complicated breasts and a prior
history of breast cancer: Screening MRI exam-
ination. (A) Dense parenchyma with innu-
merable cysts are noted on the T2-weighted
images. (B) Delayed postcontrast images
taken 6 minutes after contrast administration
demonstrate diffuse uptake in the breast
parenchyma. Note that detection is compro-
mised due to diffuse enhancement.
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Figure 22.7. A 47-year-old woman with history of left breast
biopsy yielding atypical duct hyperplasia. Breast is extremely
dense. (A) T2-weighted images; a few high signal cysts are 

A B

noted. (B) Post-contrast T1-weighted images; there is stippled
enhancement.

2. Nipple

Figure 22.8. Maximum intensity projection of
normal breast demonstrating minimal nipple
enhancement.
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1.1. Unifocal Carcinoma
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Malignant Lesions
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Figure 23.1. A 40-year-old woman presented with a palpable
mass in the periareolar region. Ultrasound core biopsy yielded
invasive ductal carcinoma, moderately differentiated and ductal
carcinoma in situ (DCIS) solid type and intermediate nuclear
grade. Maximum intensity projection (MIP) magnetic resonance
imaging (MRI) examination demonstrated a unifocal mass cor-
responding to the carcinoma.

Figure 23.2. A 74-year-old woman with a dense mammogram
presents with a palpable mass in the upper outer quadrant. Ultra-
sound core biopsy with subsequent surgical excision yielded inva-
sive ductal carcinoma, not otherwise specified. Maximum
intensity projection image demonstrates a unifocal carcinoma
amenable to conservation.
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Figure 23.3. A 53-year-old woman with a
strong family history developed an area of
architectural distortion on mammography.
Directed ultrasound of this region demon-
strated a shadowing hypoechoic mass which
was biopsied yielding DCIS, cribiform and
papillary types, intermediate-to-high nuclear
grade. Maximum intensity projection image
demonstrates a unifocal irregular spiculated
mass. The patient elected to undergo 
mastectomy, which demonstrated DCIS and
no invasion.

Figure 23.4. A 60-year-old woman with a
spiculated mass noted on mammography in
the upper breast. Fine needle aspiration
yielded malignant cells. Magnetic resonance
imaging confirmed the impression of unifocal
carcinoma.



336 23. Malignant Lesions

Figure 23.5. A 51-year-old woman status post
stereotactic biopsy for calcifications yielded 
in situ and invasive carcinoma moderately to
poorly differentiated with apocrine features.
Calcifications were associated with the in situ
carcinoma as well as benign breast tissue.
Magnetic resonance imaging demonstrates a
solitary spiculated mass compatible with the
known carcinoma without additional findings.

Figure 23.6. A 33-year-old woman who pre-
sented with a palpable mass. Ultrasound core
biopsy demonstrated invasive ductal carci-
noma, poorly differentiated with focal lobular
growth pattern. She was then treated with
neoadjuvant chemotherapy. She presents 
following this treatment course. Magnetic 
resonance imaging demonstrates a residual
suspicious mass in the medial breast but no
additional findings. At lumpectomy, a 1.9-cm
invasive ductal carcinoma with extensive intra-
ductal component was identified. Margins
were close. The patient refused additional
surgery.
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Figure 23.7. A 46-year-old woman with new
calcifications in the upper breast. Stereotactic
biopsy yielded invasive ductal carcinoma and
DCIS, cribiform type with intermediate
nuclear grade, apocrine cytology, and minimal
necrosis arising in a background of atypical
ductal hyperplasia. Magnetic resonance
imaging demonstrated a unifocal finding.

Figure 23.8. A 49-year-old woman with a 
palpable obscured mass on mammography.
Pathology at percutaneous ultrasound guided
core biopsy yielded invasive ductal carcinoma,
histologic and nuclear grade II/III,confirmed at
surgery. Magnetic resonance imaging demon-
strates an irregular solitary mass.
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Figure 23.9. A 58-year-old woman presents
with palpable axillary lymph node. Aspiration
yielded malignant cells compatible with breast
primary. Mammogram was negative. (A) MRI
demonstrated single dominant irregular mass
in the inferior breast suspicious for breast
primary. This was identified on directed ultra-
sound and biopsied yielding invasive ductal
carcinoma, not otherwise specified, histologic
and nuclear grade II/III. (B) Note contralat-
eral breast screen by MRI detected DCIS,
cribiform and micropapillary with intermedi-
ate nuclear grade.

A

B



23. Malignant Lesions 339

Figure 23.10. A 46-year-old woman status
post breast conservation 4 years ago presents
with a new spiculated mass on mammography.
Magnetic resonance imaging demonstrates
solitary mass that proved to represent recur-
rent invasive ductal carcinoma, histologic
grade II/III and high nuclear grade III/III.

Figure 23.11. A 74-year-old woman with a
palpable lump in the upper inner quadrant
status post aspiration yielding malignancy. No
mammographic correlate was present. Mag-
netic resonance imaging demonstrated a dom-
inant mass with surrounding satellite nodules
corresponding to invasive ductal carcinoma
not otherwise specified and DCIS solid type of
low nuclear grade.

1.2. Multifocal Carcinoma
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Figure 23.12. A 65-year-old woman with pal-
pable mass seen on mammography as a spec-
ulated mass. Percutaneous core biopsy yielded
invasive lobular carcinoma and in situ carci-
noma with ductal and lobular features.
Maximum intensity projection demonstrates a
dominant mass with satellite lesions. Based on 
the clinical examination, mastectomy was rec-
ommended and at surgery multiple nodules 
of invasive lobular carcinoma were found
ranging in size from 0.3 to 1.8 cm.

Figure 23.13. A 42-year-old woman presents
with palpable breast masses in the upper outer
quadrant. Core biopsy yielded invasive ductal
carcinoma of both masses with an extensive
intraductal component (EIC). At mastectomy,
additional masses were identified and DCIS
with high nuclear grade and moderate necro-
sis was found extensively.
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Figure 23.14. A 45-year-old woman with
nipple retraction for several months had a
mammogram that demonstrated a spiculated
mass in the 12 o’clock axis. Due to breast
density, MRI was performed which showed
multiple irregular spiculated masses in the
upper outer quadant. Bracketing of these
masses was performed under magnetic reso-
nance (MR) guidance to facilitate conserva-
tion. Pathology yielded multiple foci of
invasive mammary carcinoma with mixed
ductal and lobular features and positive
margins. A mastectomy was subsequently per-
formed with residual invasive mammary carci-
noma found adjacent to the biopsy cavity.

Figure 23.15. A 40-year-old woman with a
palpable breast mass seen on mammography
undergoes core biopsy yielding poorly differ-
entiated invasive carcinoma and DCIS high
nuclear grade with extensive necrosis. Mag-
netic resonance imaging performed for extent
of disease assessment. In the posterior breast,
the palpable irregular mass is seen (arrow)
with anterior clumped enhancement suspi-
cious for an intraductal component. Pathology
at mastectomy yielded invasive carcinoma
with an associated extensive intraductal com-
ponent (EIC). The invasive and in situ tumor
occupied a quadrant.
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Figure 23.16. A 57-year-old woman with right
bloody nipple discharge. Maximum intensity
projection image demonstrates homogeneous
segmental enhancement involving a ductal
system. Pathology at excisional biopsy follow-
ing MR localization (mammogram and ultra-
sound negative) demonstrate mulitfocal
invasive carcinoma associated with EIC. Due
to the disease extent the patient underwent
mastectomy yielding abundant residual
disease. Nodes were negative.

Figure 23.17. A 47-year-old woman pre-
sented with two palpable breast masses in the
upper outer quadrant. Ultrasound identified
three masses and all were biopsed. The two in
the upper outer quadrant were poorly differ-
entiated invasive ductal carcinoma and the
third mass in the low axilla was a metastatic
lymph node. A mastectomy was performed
which confirmed multifocal disease.
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Figure 23.18. A 43-year-old woman who felt
a right breast mass. Mammogram was negative
but ultrasound identified three solid masses in
the upper outer quadrant.All three were biop-
sied yielding moderately differentiated inva-
sive ductal carcinoma, confirmed at surgery.

Figure 23.19. A 61-year-old woman with a
new spiculated mass noted on mammography.
Ultrasound was performed which showed two
masses in the 8 and 9 o’clock positions. Both
were biopsied yielding invasive mammary car-
cinoma, with predominantly lobular features.
Magnetic resonance imaging demonstrates the
two masses and no additional findings. The
patient received breast conservation.
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Figure 23.20. A 35-year-old woman status
post excision of calcifications in the upper
outer quadrant yielding invasive ductal carci-
noma with close margins. Magnetic resonance
imaging performed to assess disease extent.
The postoperative seroma cavity is noted on
the superior breast (arrow). In the interior
breast clumped enhancement is identified rep-
resenting DCIS and compatible with multi-
centric disease.

Figure 23.21. A 31-year-old woman with pal-
pable left breast mass. Mammogram demon-
strated multiple masses with associated
pleomorphic calcifications in the upper outer
quadrant. An ultrasound-guided core biopsy
revealed invasive ductal carcinoma with apoc-
rine features, histologic and nuclear grade
III/III. The in situ component had associated
calcifications. Magnetic resonance imaging
examination demonstrated multiple masses
that corresponded to the extent of calcifica-
tions noted on mammography. Mastectomy
was performed.

1.3. Multicentric Carcinoma
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Figure 23.22. Maximum intensity projection
image of multicentric disease. Invasive lobular
carcinoma.

Figure 23.23. A 39-year-old woman with pal-
pable masses in the upper outer quadrant.
Ultrasound confirmed multiple contiguous
masses. Two of these were biopsied in the 12
o’clock and 9 o’clock axes yielding poorly 
differentiated invasive ductal carcinoma and
DCIS, intermediate grade with central necro-
sis. Maximum intensity projection confirms
multicentric disease. A computed tomograph
(CT) scan demonstrated multiple liver lesions
that were biopsied yielding metastatic adeno-
carcinoma consistent with breast origin. She
was started on systemic therapy.
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Figure 23.25. A 46-year-old woman with mul-
ticentric carcinoma, poorly differentiated. Two
masses noted on MRI in the lateral breast
were proven to represent poorly differentiated
invasive ductal carcinoma (arrows).

Figure 23.24. A 35-year-old woman status post bilateral reduc-
tion surgery had incidental invasive carcinoma noted on pathol-
ogy. Magnetic resonance imaging performed to assess disease
extent. In addition to the surgical changes from recent reduction
surgery, a total of four masses (two shown) were found in the
breast. (A) The lateral breast. Changes of reduction (thin arrow)

A B

can be seen next to the irregular carcinoma (thick arrow). (B)
The central breast. Ultrasound confirmed the presence of solid
lesions which were biopsied yielding invasive ductal carcinoma,
histologic and nuclear grade III/III in multiple quadrants. The
patient subsequently underwent mastectomy.
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Figure 23.26. A 46-year-old woman under-
went screening mammography that demon-
strated a new 2-cm indistinct mass with
associated pleomorphic calcifications. Ultra-
sound confirmed the presence of a solitary sus-
picious mass. Ultrasound core biopsy yielded
DCIS, solid and comedo types, high nuclear
grade, with lobular extension and foci of
microinvasion. Magentic resonance imaging
was performed for disease assessment. (A) A
1.6-cm rim enhancing mass was noted (B) with
surrounding clumped enhancement. At
pathology this represented invasive ductal car-
cinoma histologic and nuclear grade III/III in
a background of DCIS, solid type with 
high nuclear grade and moderate necrosis.
Ductal carcinoma in situ represented >25% of
the tumor compatible with extensive intraduc-
tal component (EIC). Nodes were negative.

1.4. Extensive Intraductal Carcinoma

A

B
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Figure 23.27. A 42-year-old woman with a
spiculated mass noted on mammography.
Ultrasound vacuum biopsy demonstrated
invasive ductal carcinoma, poorly differenti-
ated with focal lobular growth. Ductal carci-
noma in situ, solid type of intermediate
nuclear grade with minimal necrosis was also
identified. Magnetic resonance imaging
demonstrated a suspicious mass compatible
with the known invasive component as well as
extensive surrounding ductal clumped
enhancement that was proved to represent
EIC at surgery. The patient had five positive
nodes at axillary dissection.

Figure 23.28. A 59-year-old woman status
post excisional biopsy of two masses in the left
breast yielding infiltrating ductal carcinoma
and positive margins. Magnetic resonance
imaging performed to assess extent of residual
disease. Magnetic resonance imaging demon-
strates a large postoperative seroma cavity and
enhancement along the anterior margin com-
patible with residual disease. Note also the
nodular enhancement of the skin suspicious
for an early inflammatory component. Mas-
tectomy demonstrated residual foci of infil-
trating ductal carcinoma ranging in size up to
1.5 cm. Ductal carcinoma in situ was present
constituting >25% of the tumor mass compat-
ible with an extensive intraductal component.
Tumor nodules were also noted involving the
skin.
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Figure 23.29. A 32-year-old with palpable
breast nodularity. Mammogram demonstrates
5 cm of pleomorphic calcifications. Aspiration
of the palpable area yielded malignant cells.
Magnetic resonance imaging demonstrates an
irregular mass in the posterior breast with
associated irregular linear enhancement
extending from the mass to the nipple. Several
other masses were identified in the lower outer
quadrant. Pathology at mastectomy yielded
invasive ductal carcinoma not otherwise spec-
ified (NOS) histologic and nuclear grades
III/III measuring 2 cm in greatest extent.
Extensive intraductal component was present
admixed with and away from the invasive
component. In situ carcinoma was solid, cribi-
form typed with intermediate nuclear grade
and extensive necrosis.

Figure 23.30. A 43-year-old woman with pal-
pable abnormality. Outside fine needle aspira-
tion positive for malignant cells. Mammogram
demonstrates extensive calcifications in the
upper outer quadrant and ultrasound demon-
strates a suspicious lobulated mass. Ultra-
sound-guided biopsy demonstrated invasive
moderately differentiated ductal carcinoma
and intraductal carcinoma, solid type with
minimal necrosis. Magnetic resonance imaging
demonstrates extensive areas of abnormal
enhancement suspicious for locally advanced
breast carcinoma. The patient elected to have
bilateral mastectomy. Extensive involvement
by carcinoma was confirmed at surgery.

1.5. Locally Advanced Breast Carcinoma
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Figure 23.31. A 42-year-old woman pre-
sented with a negative mammogram and pal-
pable retroareolar mass which was biopsied
yielding invasive lobular carcinoma. The pal-
pated mass was 3 cm and mastectomy was rec-
ommended. The patient seeks a second
opinion. Magnetic resonance imaging confirms
the presence of a large mass relative to breast
size. Pathology at mastectomy demonstrated
multiple foci of invasive lobular carcinoma
involving the central breast and extending into
all four quadrants.

Figure 23.32. A 40-year-old with palpable
breast mass. Mammography showed extensive
pleomorphic calcifications compatible with
locally advanced breast carcinoma. She under-
went biopsy yielding poorly differentiated in
situ and invasive mammary duct carcinoma
and received preoperative chemotherapy 
with moderate response. Magnetic resonance
imaging is performed following neoadjuvant
therapy prior to mastectomy. A large central
mass is identified occupying the majority of
the breast, confirmed at surgery.
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Figure 23.33. A 39-year-old woman who pre-
sents with (A) large palpable breast mass, core
biopsy proven poorly differentiated invasive
mammary carcinoma, ductal type. She also had
palpable axillary nodes at presentation. She
underwent preoperative chemotherapy with
complete clinical response—no palpable
breast mass or axillary nodes. (B) On MRI,
minimal residual enhancement is identified.At
mastectomy, no tumor was identified. Promi-
nent fibroinflammatory changes and promi-
nent foamy histiocytes were noted compatible
with treatment effect. Nodes were negative.

A

B

1.5.1. Complete Response to Chemotherapy
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Figure 23.34. A 48-year-old woman with (A)
palpable breast mass yielding invasive ductal
carcinoma high grade with focal mucinous 
features and DCIS on ultrasound core biopsy.
She refused mastectomy and elected to
undergo preoperative chemotherapy. (B) The
central irregular mass responded to the
therapy though residual enhancement persists.
Enlarged axillary lymph nodes are also less
prominent. The patient ultimately refused
breast surgery due to psychosocial reasons.

A

B

1.5.2. Partial Response to Chemotherapy
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Figure 23.35. A 57-year-old with (A) clinical
inflammatory breast carcinoma. Ultrasound
core biopsy of a palpable mass yielded inva-
sive ductal carcinoma, histologic and nuclear
grade III/III with focal lobular pattern. She
underwent preoperative chemotherapy with
response clinically and by MRI. At mastec-
tomy, invasive carcinoma is identified in the
form of multiple tumor emboli in lymphatic
vessels. Scattered microscopic foci of DCIS,
cribiform and micropapillary types with 
high nuclear grade are present. (B) Post
chemotherapy MRI demonstrates several tiny
foci of enhacement in the region of the treated
cancer.

A

B
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Figure 23.37. A 53-year-old with locally
advanced breast carcinoma invading pec-
toralis major muscle (thin arrow) as well as
chest wall (intercostal muscle) (thick arrow).
Note that pectoralis muscle involvement does
not change staging, however, chest wall
involvement is stage IIIB.

2. Staging

2.1. Pectoralis Muscle Invasion

Figure 23.36. A 53-year-old woman presents with a large palpa-
ble mass in the upper outer quadrant that appears fixed to the
chest wall. Pathology was invasive mammary carcinoma with vas-
cular invasion. (A) MRI demonstrates a large infiltrating mass
that extends into the pectoralis major muscle and chest wall. Due
to chest wall involvement, neoadjuvent therapy was given with

1.5.3. No Response to Chemotherapy

BA

poor response. (B) Follow-up MRI scan shows enlargement and
progression of the mass on adriamycin and cytoxan. The breast
is retracted and involvement of the underlying muscles is still
noted. The patient was switched to an alternative treatment with
no effect and still progressed. A CT at this time demonstrated
new liver and bone metastases.
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Figure 23.39. A 35-year-old woman pre-
sented with palpable mass noted to be invasive
ductal carcinoma, high histologic grade, inter-
mediate nuclear grade with associated DCIS,
solid with intermediate nuclear grade. Exci-
sion was performed with negative margins.The
patient presents 4 years later with a palpable
mass medially in the treated breast. Pathology
yielded invasive ductal carcinoma, moderately
to poorly differentiated, focally invading
skeletal muscle. Magnetic resonance imaging
demonstrates a mass (arrow) that focally
invades the chest wall involving intercostal
muscles.

Figure 23.38. A 53-year-old woman with
history of stage IIIB poorly differentiated inva-
sive ductal carcinoma with perineural invasion.
She underwent chemotherapy and radiation
therapy following limited resection. She did
well for 5 years until she presented with a skin
nodule which was biopsied and demonstrated
to represent recurrent mammary ductal carci-
noma (stage IV disease). Bulky chest wall
disease was also noted at this time. Magnetic
resonance imaging was performed of the con-
tralateral breast. Medially in the contralateral
breast abnormal enhancement is identified
along the chest wall musculature with exten-
sion into the intercostals muscles compatible
with spread across the midline of known chest
wall disease.

2.2. Chest Wall Invasion
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Figure 23.41. A 56-year-old woman had a left
mastectomy 10 years ago presents with a pal-
pable mass under the right nipple. Excisional
biopsy yielded invasive carcinoma consistent
with breast primary without in situ carcinoma.
Subsequent mastectomy demonstrated inva-
sive ductal carcinoma histologic and nuclear
grade III/III with DCIS, cribiform type of
intermediate nuclear grade and moderate
necrosis.

Figure 23.40. A 60-year-old woman status
post right lumpectomy 6 years ago presents
with new nipple retraction. Magnetic reso-
nance imaging demonstrates enhancing mass
in right retroareolar region suspicious for
recurrence. The recurrent tumor is causing
nipple retraction.

2.3. Nipple Invasion



23. Malignant Lesions 357

Figure 23.43. A 60-year-old woman post
right lumpectomy 5 years ago for invasive
ductal carcinoma with new left nipple dis-
charge. Mammography was fatty with no
suspicious findings. Magnetic resonance
imaging showed an enhancing irregular mass
with washout in the upper left breast. Patient
underwent left breast major duct excision
with preoperative ductogram and left seg-
mental resection with preoperative MRI
localization. Duct excision revealed intra-
ductal papilloma and MRI localization
revealed 5-mm invasive carcinoma. Sentinel
lymph node biopsy was negative.

2.4. Nipple Discharge

Figure 23.42. A 58-year-old woman with
locally advanced breast carcinoma had MRI
prior to chemotherapy. Note that the retroare-
olar mass invades the nipple and surrounding
skin. Extensive involvement of the breast is
also noted. On physical examination, she had
thickened skin anteriorly with peau d’orange.
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Figure 23.44. A 60-year-old woman with
history of right lumpectomy 16 years ago pre-
sents with new left nipple bloody discharge.
The mammogram was moderately dense with 
no suspicious findings. A ductogram demon-
strated no suspicious filling defects however
there were areas of narrowing and dilation
that were mildly suspicious. MRI was per-
formed that demonstrated a 1.3cm mass in the
upper outer quadrant that proved to represent
invasive ductal carcinoma not otherwise spec-
ified with negative sentinel nodes. Duct exci-
sion in the region of the abnormal ductogram
following preoperative ductogram demon-
strated a sclerosed intraductal papilloma with
focal atypia.The nipple discharge likely was on
the basis of the papilloma and the invasive 
carcinoma was likely an incidental finding.

Figure 23.45. A 57-year-old with right bloody
nipple discharge. No personal or family history
of breast carcinoma. Mammography was 
heterogeneously dense with no abnormality.
Maximum intensity projection image demon-
strated a regional segmental area of heteroge-
neous enhancement yielding extensive DCIS
with multifocal microinvasion. Right mastec-
tomy performed with negative sentinel nodes.
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Figure 23.46. A 55-year-old with family
history of breast cancer presents with sponta-
neous bloody left nipple discharge. Mag-
netic resonance imaging showed an irregular
enhancing left breast mass that was seen on
ultrasound (arrow). Localization and excision
yielded papilloma with atypia. Note high
signal in duct.

Figure 23.47. A 74-year-old woman with 3
months spontaneous serosanginous nipple 
discharge. Magnetic resonance imaging
demonstrates a dilated central duct with 
proteinaceous debris that demonstrates
enhancement. Directed ultrasound was nega-
tive as was mammography. Blind duct excision
demonstrated low-to-intermediate nuclear
grade DCIS.
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Figure 23.48. A 57-year-old presents with
bloody nipple discharge. Mammogram nega-
tive. Magnetic resonance imaging shows exten-
sive ductal enhancement involving a segment.
Pathology following MR localization bracket-
ing demonstrated invasive ductal carcinoma
NOS type and multifocal microinvasive carci-
noma from 1 to 2 mm. Ductal carcinoma in situ
also identified, papillary, cribiform, micropap-
illary with high nuclear grade and moderate
necrosis. The DCIS was >25% of the tumor
compatible with extensive intraductal compo-
nent. Mastectomy was performed and sentinel
node analysis was negative.

Figure 23.49. A 65-year-old woman who
noted a red mass in the medial breast 6 months
ago. She thought that it was skin cancer and
sought opinion from a dermatologist. A few
months later she went for mammography that
showed an irregular solid mass that infiltrated
pectoralis muscle on ultrasound (not shown).
Biopsy yielded invasive ductal carcinoma,
moderately differentiated. She underwent pre-
operative chemotherapy. Breast MRI was per-
formed which demonstrated a mass focally
invading skin and no chest wall involvement.
Following this, mastectomy was performed
with 2-cm invasive ductal carcinoma NOS.The
skin dermis was involved by direct extension.
Skeletal muscle was negative for tumor.

2.5. Skin Invasion, Inflammatory Carcinoma

2.5.1. Focal
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Figure 23.50. A 40-year-old with locally
advanced breast cancer focally invading the
skin surrounding the nipple. Pathology inva-
sive ductal carcinoma.

Figure 23.51. A 58-year-old woman with
locally advanced breast cancer focally invad-
ing skin on MRI. Pathology yielded invasive
ductal carcinoma 1.5 cm involving dermis with
lymphatic permeation, histologic grade III,
nuclear grade II. Ductal carcinoma in situ,
solid type with moderate necrosis and moder-
ate nuclear grade associated with the invasive
tumor.
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Figure 23.52. A 50-year-old woman palpated
a mass that was poorly seen on both mam-
mography and ultrasound. She underwent sur-
gical excision that demonstrated poorly
differentiated carcinoma with neuroendocrine
features and marked necrosis. In situ carci-
noma was not identified. Four centimeters of
tumor was resected with wide positive
margins. Physical examination after resection
showed a 10-cm palpable mass. It was unclear
how much represented residual disease or
hematoma. Magnetic resonance imaging per-
formed to evaluate residual disease. Extensive
regional enhancement is present in the upper
breast with focal skin invasion evidenced by
thickening and abnormal enhancement. No
hematoma was noted. Chemotherapy was
ineffective for this patient and she died within
the year due to metastatic neuroendocrine
tumor arising from the left breast.

Figure 23.53. A 35-year-old woman presents
with palpable mass. Breast biopsy yielded
invasive mammary carcinoma poorly differen-
tiated and focal DCIS with apocrine cytology.
Skin punch biopsy was unremarkable, likely
due to random sampling. Mastectomy yielded
invasive ductal carcinoma, NOS type, histo-
logic grade III/III, nuclear grade II/III mea-
suring 15 cm in diameter. Associated DCIS,
solid and cribiform types with high nuclear
grade and minimal necrosis. The skin was
involved by direct extension and tumor emboli
were present in the deep dermal lymphatics.
Tumor was present in all quadrants.
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Figure 23.54. A 40-year-old woman who pre-
sented with a lump in her breast. Mammogram
was negative. She sought surgical consultation
and was found to have a red erythematous
breast with palpable axillary adenopathy com-
patible with locally advanced breast carci-
noma. Random core biopsy of the upper outer
quadrant yielded in situ and invasive ductal
carcinoma, moderately differentiated with
focal lobular features. Focal lymphovascular
invasion is identified. Magnetic resonance
imaging demonstrates diffuse enhancement 
of the entire breast with associated diffuse 
skin thickening with associated enhancement.
Findings are compatible with inflammatory
carcinoma.

Figure 23.55. A 62-year-old woman presents
with crustiness of the left nipple and biopsy
proven Paget’s disease. Tiny cluster of calcifi-
cations are noted in upper outer quadrant on
mammography. Magnetic resonance imaging
performed for extent of possible disease. In
the upper outer quadrant a speculated mass is
identified that measured 2.4 cm with associ-
ated multiple linear areas of enhancement sus-
pected for extensive DCIS. Patient underwent
left mastectomy yielding invasive ductal carci-
noma and DCIS.

2.5.2. Diffuse

2.6. Paget’s Disease
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Figure 23.56. A 45-year-old woman with
itching scaling and erythema of the left nipple.
Biopsy showed extensive Paget’s disease of
the nipple. Mammography demonstrated a
mildly dense parenchymal pattern with no
suspicious findings. Magnetic resonance
imaging showed extensive clumped linear
enhancement extending over 9 cm in the
breast that proved to represent intermediate-
to-high nuclear grade DCIS without invasion.
No calcifications were identified in the DCIS.
Patient underwent mastectomy. Sentinel
biopsy was negative.

Figure 23.57. A 60-year-old woman status
post left nipple bloody discharge. Punch
biopsy of skin near nipple yielded invasive
ductal carcinoma and DCIS—the nipple
showed intraepidermal adenocarcinoma cells
compatible with Paget’s diease. Magnetic res-
onance imaging showed a 3-cm retroareolar
left duct with enhancement that corresponded
to residual DCIS.
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Figure 23.58. A 54-year-old patient who pre-
sented with left breast Paget’s disease. Blind
duct excision was performed yielding DCIS
with positive margins. Sentinel lymph node
was positive. Magnetic resonance imaging was
performed to identify site of invasion and
exclude residual disease. Mammography was
initially negative and remained so. (A and B)
MRI demonstrates multiple suspicious areas
of enhancement throughout the breast (arrows).
Directed ultrasound was attempted and core
was performed of two areas with benign
results, discordant with the MRI findings.
Magnetic resonance imaging guided needle
localization was performed in two separate
quadrants yielding high-grade DCIS. A 
mastectomy was then performed. No area of 
invasion was identified at mastectomy. One
positive lymph node was identified at comple-
tion axillary dissection.

A

B



366 23. Malignant Lesions

Figure 23.59. A 53-year-old woman noted a
mass in her breast 1 year ago. An aspiration
reportedly was benign. Over the last 6 months
she has noted the mass has grown larger and
her nipple is inverted and has become red.
Mammogram showed skin thickening and
extensive pleomorphic calcifications. Core
biopsy yielded poorly differentiated invasive
ductal carcinoma. (A) MRI demonstrates a
large central mass with skin thickening and
enhancement compatible with inflammatory
carcinoma. Irregular spiculated lymph nodes
are noted compatible with metastatic disease
with extranodal extension. (B) Follow-up MRI
scan following chemotherapy demonstrates
decrease in size of the mass as well as reduc-
tion in the axillary lymph nodes.

2.7. Axillary Metastasis

A

B
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Figure 23.60. A 69-year-old woman noted
new nipple retraction with a palpable mass.
Mammography demonstrated a retroareolar
mass (not shown). Magnetic resonance
imaging (performed after several rounds of
chemotherapy) confirms the presence of this
finding as well as skin thickening and an irreg-
ular rim enhancing axillary lymph node that is
suspicious for metastasis. Punch biopsy of the
skin demonstrated poorly differentiated ade-
nocarcinma involving dermal lymphatics con-
sistent with breast primary. Mastectomy was
performed, confirming the presence of a 2.5-
cm carcinoma with skin involvement. Multiple
metastatic nodes were present.

Figure 23.61. A 43-year-old woman status
post lumpectomy for a 4-cm invasive ductal
carcinoma of the left breast now has 
palpable right axillary adenopathy. Aspiration
was positive for malignancy. Magnetic reso-
nance imaging failed to identify any abnor-
mality in the right breast that would be
suspicious for occult malignancy. Irregular
abnormal axillary lymph node is identified.
Patient treated for stage IV disease.
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Figure 23.63. A 28-year-old woman presents with palpable right
axillary lymph node. History of excision of a palpable right breast
mass 1 year earlier yielding fibroadenoma. (A) Mammogram
demonstrated extremely dense breasts with no suspicious find-
ings. (B) MRI demonstrated a heterogeneously enhancing irreg-
ular mass (arrow) in the upper outer quadrant measuring 1.1 cm.

2.8. Axillary Metastasis with Unknown Primary

Figure 23.62. A 60-year-old woman who
underwent CT examination for cough and
noted to have right breast mass. No recent 
mammogram. On mammography in the axil-
lary tail a mass was identified which was
thought to be a lymph node. Magnetic reso-
nance imaging was performed to further eval-
uate. In the low axillary region, several masses
are identified. The more posterior masses
appear irregular round and exhibit rim
enhancement and do not demonstrate fatty
hilia. Because of their location (behind the
pectoralis major muscle, thus, level I nodes)
they are most likely metastatic nodes. The
more anterior mass is irregular, demonstrates
rim enhancement, and could represent an
involved node or breast primary in the
extreme axillary tail. Biopsy of this mass
yielded poorly differentiated invasive ductal
carcinoma with associated DCIS, solid type
with high nuclear grade. Three of 19 nodes
were positive for metastatic disease.

A B

Directed ultrasound confirmed the presence of the mass and
ultrasound core biopsy was performed yielding infiltrating ductal
carcinoma high grade. Patient was then treated in a single stage
procedure with negative margins and negative axillary node dis-
section.
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Figure 23.64. A 47-year-old with history of
right breast DCIS and ovarian cancer presents
with palpable left axillary adenopathy, biopsy
positive for metastatic poorly differentiated
adenocarcinoma with extracapsular extension.
Mammogram is mildy dense with no suspi-
cious findings. Magnetic resonance imaging
demonstrates a large enhancing heteroge-
neous mass in the upper outer quadrant
(shown) with smaller surrounding masses (not
shown). All were visible on ultrasound and
biopsied yielding high grade invasive ductal
carcinoma in two areas compatible with mul-
ticentric disease. The patient underwent left
mastectomy with multiple foci of invasive
ductal carcinoma found throughout the breast
and 15 positive lymph nodes.

BA

Figure 23.65. A 44-year-old woman with strong family history of
breast cancer and prior benign right breast biopsy presents with
palpable left axillary adenopathy. (A) MRI demonstrated find-
ings compatible with multicentric disease (one mass shown) and
(B) multiple abnormal axillary lymph nodes. Following confir-

mation of multicentric disease by ultrasound core biopsy, left
mastectomy yielded demonstrated two separate foci of poorly
differentiated ductal carcinoma in two separate quadrants with
16 positive nodes.
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Figure 23.66. A 64-year-old presents with left
axillary mass, fine needle aspiration positive
for adenocarcinoma. Mammogram was het-
erogeneously dense and MRI demonstrated
enlarged metastatic left axillary lymph node
and clumped enhancement in the upper outer
quadrant which proved to represent metasta-
tic carcinoma in intramammary lymph nodes.
As no other MR abnormality was identified,
the patient was treated with whole breast radi-
ation following complete axillary node dissec-
tion yielding two positive nodes. The patient
has been free of disease for 3 years.

Figure 23.67. A 62-year-old with right axillary
adenopathy. Aspiration yielded adenocarci-
noma suspicious for breast primary. Mammo-
gram mildly dense and negative. Magnetic
resonance imaging demonstrated 7-mm mass
corresponding to patient’s occult carcinoma.
Magnetic resonance imaging localization
yielded invasive ductal carcinoma high grade
with negative margins. The patient underwent
radiation therapy.
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Figure 23.68. A 50-year-old woman with left
axillary lymph node metastatic adeno carci-
noma with focal extranodal extension.
Mammogram was extremely dense with no
suspicious findings. Magnetic resonance
imaging demonstrates irregular mass in lower
inner quadrant extending over 3 cm from skin
to chest wall. Mastectomy yielded high-grade
invasive ductal carcinoma.

Figure 23.69. A 42-year-old woman with left
axillary lymph node positive for adenocarci-
noma. Bilateral subpectoral implants are
present. The breasts are heterogeneously
dense on mammography with no suspicious
findings. Magnetic resonance imaging demon-
strates 7-mm nodular enhancement in the
retroareolar region yielding invasive ductal
carcinoma and high grade DCIS and axillary
dissection yielded three positive nodes. The
area was localized under ultrasound guidance.
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Figure 23.71. A 66-year-old woman who 8
years ago had breast-conserving therapy for
0.7-cm invasive ductal carcinoma with 37 neg-
ative nodes. She underwent radiation therapy
and was placed on Tamoxifen® for 2 years,
which was then discontinued due to vaginal
bleeding. She now presents with multinodular
skin recurrence in the medial breast. Magnetic
resonance imaging demonstrates multiple
nodular areas of enhancement within the skin,
compatible with locally recurrent stage IV
breast cancer. She was treated with mastec-
tomy and hormonal therapy and is doing well
3 years later.

3.2. Skin

Figure 23.70. A 53-year-old woman with history of left ocular
melanoma clinically without evidence of disease until screening
mammogram demonstrated new bilateral nodules (A and B). She
underwent multiple excisions yielding melanoma metastases to

3. Metastasis

3.1. Parenchyma

A B

the breasts. There is no other evidence of disease. As lesions dif-
ficult to see by mammography, follow up by MRI performed.
Magnetic resonance imaging demonstrated several ill-defined
masse (arrows), biopsy proven melanoma metastases.
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Figure 23.72. A 51-year-old woman status
post lumpectomy and axillary node dissection
of the left breast upper outer quadrant yield-
ing mucinous carcinoma 8 years ago. Now has
abnormal mammogram with increasing full-
ness at the lumpectomy site. Stereotactic
biopsy of this finding demonstrated recurrent
mucinous carcinoma. Magnetic resonance
imaging performed to ensure the absence of
other findings. Unifocal (A) high signal mass
on T2 demonstrates (B) enhancement on the
postcontrast T1-weighted images in the supe-
rior breast.

4. Invasive Carcinoma

4.1. Invasive Ductal

A

B
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Figure 23.73. A 39-year-old woman pre-
sented with palpable masses in the upper outer
quadrant. Needle biopsy yielded invasive
ductal carcinoma poorly differentiated and
DCIS intermediate nuclear grade with central
necrosis. Due to extent of disease she under-
went preoperative chemotherapy prior to
surgery.

Figure 23.74. A 43-year-old woman status
post neoadjuvant chemotherapy for poorly
differentiated invasive ductal carcinoma. Mag-
netic resonance imaging demonstrated a
mildly enhancing mass in the upper outer
quadrant with plateau kinetics. She was con-
served with surgical excision of the upper
outer quadrant. At pathology a single focus of
high-grade residual ductal carcinoma 3 mm in
size. Associated extensive reactive changes
were present. The MRI findings overestimated
the extent of residual disease.
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Figure 23.75. A 59-year-old woman presents
with metastatic axillary adenopathy, unknown
primary. Mammogram was negative. Magnetic
resonance imaging examination demonstrates
enhancement in the central breast (arrows)
and nodular enhancement extending towards
the nipple. Directed ultrasound following was
negative. Magnetic resonance imaging guided
needle localization yielded poorly differenti-
ated invasive ductal carcinoma associated with
lymphocytic infiltration and associated high-
grade DCIS. Positive margins were found with
subsequent re-excision. Patient then under-
went completion mastectomy.

Figure 23.76. A 35-year-old woman with high
risk underwent screening MRI examination
yielding occult invasive ductal carcinoma.
Nodes were negative. Note rim and central
enhancement.
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Figure 23.77. A 53-year-old woman had a
new area of distortion in the 12 o’clock axis of
her breast. Stereotactic biopsy yielded DCIS,
cribiform and papillary types with intermedi-
ate-to-high nuclear grade. Magnetic resonance
imaging performed which demonstrated a
highly suspicious spiculated mass. At mastec-
tomy (patient preference), an 1.8-cm mass-like
area of DCIS involving sclerosing adenosis
was found with no invasion. Other areas of
DCIS were found in separate quadrants.

Figure 23.78. A 45-year-old woman presents
status post excisional biopsy of a palpable
lump that yielded invasive ductal carcinoma,
histologic grade III/III, nuclear grade II/III
with extensive intraductal component. In situ
tumor is solid and cribiform types of interme-
diate nuclear grade and minimal necrosis. MRI
demonstrates residual masses concordant with
the pathological findings.
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Figure 23.79. A 58-year-old woman had a
mass identified in the breast on CT scan 
performed for pneumonia. Mammogram
demonstrated calcifications that under-
went stereotactic biopsy with clip placement.
Pathology yielded DCIS solid, high nuclear
grade with focal necrosis. MRI demonstrates
an irregular mass adjacent to the biopsy site
(not shown). At surgical excision, multiple foci
of invasive mammary carcinoma were identi-
fied with mixed ductal and lobular features.
Margins were negative.

Figure 23.80. A 39-year-old with pregnancy-
related carcinoma. One year after delivery and
still breastfeeding she presented with palpable
left axillary node, aspirated and positive for
malignant cells. Maximum intensity projection
of the left breast demonstrates two adjacent
masses that proved to represent invasive
ductal carcinoma, NOS, histologic grade
III/III, nuclear grade II/III. Extensive intra-
ductal component present with in situ compo-
nent solid type, high nuclear grade, and
minimal necrosis. The patient underwent mas-
tectomy and chemotherapy.
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Figure 23.81. A 36-year-old with palpable
mass yielding invasive ductal carcinoma with
focal lobular features, nuclear grade II/III, and
vascular invasion.

Figure 23.82. A 31-year-old presented with a
palpable mass in an extremely dense breast.
Pathology yielded invasive ductal carcinoma
with focal lobular features, histologic grade
III/III, nuclear grade II/III measuring 1.4 cm.
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Figure 23.83. A 54-year-old woman with axil-
lary metastasis of suspected breast primary.
Conventional imaging negative. Magnetic res-
onance imaging demonstrates a unifocal rim-
enhancing mass that was identified on directed
ultrasound and biopsied yielding moderately
differentiated invasive ductal carcinoma com-
patible with the patient’s primary tumor.

Figure 23.84. A 51-year-old woman presents
with palpable mass. Mammogram was nega-
tive and ultrasound demonstrated subtle
abnormality. Ultrasound-guided biopsy was
performed which yielded invasive ductal car-
cinoma moderately to poorly differentiated
with DCIS, cribiform type with intermediate
nuclear grade and minimal necrosis. Due to
the subtle imaging findings, MRI was per-
formed which clearly demonstrated abnormal-
ity in the 12 o’clock axis. Pathology yielded
invasive carcinoma and EIC.
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Figure 23.85. A 38-year-old woman presents
with palpable mass. Excisional biopsy yielded
invasive ductal carcinoma, histologic grade
III/III, and nuclear grade III/III with DCIS,
solid and cribiform, high nuclear grade and
necrosis. Note dominant rim enhancing mass
with numerous surrounding nodules.

Figure 23.86. A 39-year-old with strong
family history presents with subtle architec-
tural distortion on mammography seen 
best on one view. Magnetic resonance imaging
demonstrates the irregular mass in the 
superior breast that demonstrates washout
kinetics. Ultrasound-guided core biopsy
yielded invasive ductal carcinoma, moderately
differentiated.
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Figure 23.87. A 55-year-old woman with
dense breasts and a spiculated mass noted on
mammography. Core biopsy yielded invasive
mammary carcinoma with mixed ductal and
lobular features and low-grade DCIS. Surgical
excision yielded invasive ductal carcinoma
NOS with lobular features, histologic grade
III/III, and nuclear grade II/III. Note that the
carcinoma on MRI is lobulated and smoothly
contoured.

Figure 23.88. A 64-year-old woman demon-
strates a spiculated mass in the lower breast on
mammography. Ultrasound investigation dis-
closed two adjacent masses and both were
biopsied yielding invasive lobular carcinoma.
Magnetic resonance imaging confirmed the
presence of these masses and did not detect 
additional disease. The patient was success-
fully treated with lumpectomy.

4.2. Invasive Lobular
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Figure 23.89. A 58-year-old woman status
post mastectomy 3 years ago presents for
screening MRI examination with negative
mammography. A small oval homogeneously
enhancing mass is noted in the lower breast
with plateau kinetics. Ultrasound directed
over this region was negative. Magnetic reso-
nance localization and excisional biopsy
yielded widespread multicentric invasive
lobular carcinoma extending to the margins.
Magnetic resonance imaging underestimated
the extent of disease when compared to
pathology.

Figure 23.90. A 38-year-old woman with 
palpable right upper outer quadrant mass.
On mammography a 2-cm spiculated mass was
identified. Core biopsy yielded invasive
lobular carcinoma. Magnetic resonance imag-
ing identified multiple suspicious masses in
several quadrants. At mastectomy invasive
lobular carcinoma (thin arrow) and DCIS
(thick arrows) were only identified in the
upper outer quadrant.
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Figure 23.91. A 56-year-old with a subtle area
of a symmetry on mammograph. Stereotactic
core biopsy of the area with clip placement
yielded invasive lobular carcinoma. Magnetic
resonance imaging performed to evaluated
disease extent. Clip artifact is noted in the
superior breast (arrow). Away from the biopsy
site is an irregular mass (curved arrow) that
demonstrates washout kinetics. An attempt at
conservation was made with bracketing of the
area but margins were positive and the patient
subsequently underwent mastectomy.

Figure 23.92. An 81-year-old woman with
new spiculated mass on mammography. A 
corresponding 7-mm mass was identified on
ultrasound. Biopsy yielded invasive lobular
carcinoma. Magnetic resonance imaging con-
firms the mass (arrow) but does not detect
additional disease. At mastectomy (patient
preference) no other foci of carcinoma were
found.
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Figure 23.93. A 59-year-old woman with dim-
pling of the skin. A vague area of architectural
distortion was identified on mammography.
This was biopsied under stereotactic guidance
yielding invasive lobular carcinoma. Magnetic
resonance imaging demonstrates disease con-
fined to the quadrant (arrows). Negative
margins were obtained after two surgical 
excisions.

Figure 23.94. A 42-year-old woman with a
palpable mass and negative mammogram.
Ultrasound demonstrated a large mass that
was biopsied yielding invasive lobular 
carcinoma. MRI confirmed the mass and
demonstrated more extensive disease than
ultrasound. At mastectomy, multiple foci of
invasive lobular carcinoma were identified
involving multiple quadrants.
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Figure 23.95. A 58-year-old woman with pal-
pable mass and negative mammogram. Ultra-
sound demonstrates a mass that was biopsied
yielding invasive lobular carcinoma. Magnetic
resonance imaging confirms this finding and
notes an additional mass (arrow) that proved
to be a separable carcinoma. Both were
removed at surgery. Nodes were negative.

Figure 23.96. A 79-year-old woman with
strong family history of breast cancer. Mag-
netic resonance imaging showed a spiculated
mass that was biopsied yielding low grade
DCIS.

5. Ductal Carcinoma In Situ
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Figure 23.97. A 43-year-old woman status
post stereotactic biopsy for small cluster of 
calcifications yielding DCIS. Mother had
breast cancer at 55 years. Magnetic resonance
imaging demonstrates segmental clumped
enhancement (arrows) representing micro-
papillary DCIS with intermediate nuclear
grade in the inferior breast adjacent to the site
of biopsy.

Figure 23.98. A 38-year-old woman with
stage IV breast carcinoma considering recon-
struction surgery of the left breast. Magnetic
resonance imaging has performed to evaluate
for any underlying findings prior to surgery.
Linear enhancement in the superior breast is
noted which proved to represent high nuclear
grade DCIS.
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Figure 23.99. A 32-year-old woman with
biopsy proven carcinoma undergoes MRI to
assess for disease extent. A large spiculated
mass in the right breast was identified (not
shown) and in the left breast an irregular area
of regional enhancement was noted (shown).
Pathology yielded intraductal carcinoma 
papillary and cribiform with central necrosis,
intermediate-to-high nuclear grade.

Figure 23.100. A 45-year-old with extensive
Paget’s disease of the left nipple and normal
mammogram undergoes MRI examination
which demonstrates irregular clumped linear
enhancement extending over multiple quad-
rants suspicious for extensive underlying
malignancy. Enhancement on this image is in
a ductal orientation. Pathology at mastectomy
demonstrated DCIS, solid cribiform and
micropapillary types with high nuclear grade
and minimal necrosis. No areas of microinva-
sion were identified.
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Figure 23.101. A 52-year-old woman who
developed a new cluster of calcifications on
mammography. Stereotactic biopsy was per-
formed yielding DCIS with mixed ductal and
lobular features, solid and cribiform types,
intermediate grade. Calcifications were associ-
ated with the DCIS. Magnetic resonance
imaging was performed to assess extent of
disease. Segmental branching enhancement
was identified in the superior breast with
involvement of one quadrant. Pathology
showed at excision extensive DCIS with posi-
tive margins. A few foci of microinvasion were
noted. The patient then underwent mastec-
tomy and sentinel node sampling. Ductal car-
cinoma in situ was noted in two quadrants and
nodes were negative.

Figure 23.102. A 55-year-old woman with
history of bilateral DCIS not treated with 
radiation therapy. Bilateral MRI examination
performed which demonstrated a linear
branching area of suspicious enhancement in
the superior breast. Pathology showed DCIS,
cribiform and solid types of intermediate
grade.
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Figure 23.103. A 60-year-old woman with a
history of mastectomy 11 years ago presents
with hematoma of the remaining breast and no
history of trauma. Mammography was nega-
tive aside from a mass that on ultrasound was
thought to be a small hematoma. Magnetic res-
onance imaging demonstrates linear irregular
enhancement along a ductal distribution away
from the hematoma. Pathology of the linear
enhancement was DCIS, cribiform and
micropapillary, low nuclear grade with
minimal necrosis. The hematoma had no asso-
ciated malignancy.

Figure 23.104. A 52-year-old woman with
strong family history has multiple calcifica-
tions on mammography along the 6 o’clock
axis of the right breast spanning 5 cm. A single
area was biopsied under stereotactic guidance
yielding DCIS, intermediate nuclear grade.
Magnetic resonance imaging demonstrates
segmental clumped enhancement that corre-
sponds to the area of abnormality on mam-
mography. At surgery microinvasive ductal
carcinoma was identified. Subsequent sentinel
nodal analysis was negative.
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Figure 23.105. A 45-year-old woman with
right breast bloody nipple discharge. A palpa-
ble mass in the right breast was aspirated
yielding malignant cells. Mammogram was
dense with no suspicious masses or calcifica-
tions. Ultrasound was performed over the pal-
pable area and a corresponding solid mass was
identified. Due to young patient age, breast
density and clinical presentation, bilateral
MRI was performed. MRI demonstrated an
extensive regional area of clumped enhance-
ment that extended from the chest wall to the
subareolar region involving more than one
quadrant that was suspicious for extensive
multicentric carcinoma. Ultrasound guided
core biopsy of the solid palpable mass yielded
DCIS, solid type with intermediate nuclear
grade. At mastectomy, extensive DCIS, inter-
mediate to high nuclear grade with extensive
necrosis was found in multiple quadrants. A
sentinel node biopsy was negative.

Figure 23.106. A 37-year-old woman with
recent excisional biopsy yielding DCIS in 
the upper left breast. Margins were positive.
Magnetic resonance imaging performed for
residual disease and demonstrates triangular
segmental enhancement compatible with
residual disease and extensive involvement of
the breast. Pathology yielded DCIS solid and
cribiform with intermediate-to-high nuclear
grade involving a quadrant. Mastectomy was
performed and sentinel nodes were negative.
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Figure 23.107. A 52-year-old woman with
extensive DCIS and postoperative residual
calcifications noted on postoperative mammo-
gram. Assess for residual disease. Magnetic
resonance imaging shows linear and clumped
areas of enhancement near and away from the
lumpectomy site. Pathology was DCIS, solid,
cribiform and flat types of intermediate
nuclear grade and moderate necrosis.

Figure 23.108. A 48-year-old woman presents
with bloody nipple discharge. She had subse-
quent excision showing benign papillomatosis.
She then developed a mass in the upper breast
that was biopsied yielding intraductal papil-
lary carcinoma with focal areas of invasion.
Excision was performed with negative margins
and axillary node dissection was negative for
metastasis. She then developed bloody nipple
discharge again and MRI was performed.
Magnetic resonance imaging demonstrates
linear branching enhancement in the upper
breast that corresponded to multiple foci of
intraductal carcinoma, papillary and cribiform
arising in association with atypical ductal
hyperplasia.
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Figure 23.110. A 54-year-old woman with a history of non-
Hodgkin’s lymphoma presents with three new left breast masses
and axillary adenopathy. She had no evidence of disease else-
where in the body. Magnetic resonance imaging performed to

6. Other Tumors

6.1. Lymphoma

Figure 23.109. A 47-year-old woman with
history of invasive lobular carcinoma presents
for MRI screening. Mammogram is negative.
Irregular mass noted in superior breast is con-
firmed on ultrasound and biopsied yielding
apocrine DCIS with focal necrosis.At excision,
microinvasive moderately differentiated
ductal carcinoma with extensive DCIS was
present. The patient went on to mastectomy.

A B

evaluated extent of disease. (A and B) MRI demonstrated mul-
tiple masses. All but one had a sonographic correlate. Surgical
excision of all areas yielded low-grade B-cell lymphoma involv-
ing breast tissue.
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Figure 23.111. A 45-year-old woman with
right mastectomy developed a new left 
breast mass on screening MRI examination
(maximum intensity projection shown). It was
verified on ultrasound and a core biopsy was
performed yielding fibroepithelial tumor with
increased stromal celularity. The differential
diagnosis includes a cellular fibroadenoma 
and phyllodes tumor. Excision was performed
yielding benign phyllodes tumor.

Figure 23.112. A 41-year-old woman noticed
a palpable right breast mass 2 months ago.
Biopsy yielded low-grade angiosarcoma. She
was treated with mastectomy.

6.2. Phyllodes

6.3. Angiosarcoma
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Figure 23.113. A 50-year-old woman treated
with breast conserving therapy 1 year ago pre-
sents with palpable axillary recurrence follow-
ing chemotherapy and radiation therapy.
Magnetic resonance imaging performed to
exclude recurrence in the breast. Initial carci-
noma was 1.5-cm invasive ductal carcinoma,
histologic and nuclear grade III/III. Negative
margins were found on the second excision.
Sentinel lymph node negative. She underwent
total mastectomy with multiple foci of invasive
ductal carcinoma identified ranging from 0.2
to 1.1 cm.

Figure 23.114. A 57-year-old woman status
post quadrentectomy yielding in situ and inva-
sive ductal carcinoma NOS type 2.7 cm. In situ
was cribiform, papillary type with extension
into lobules. Histologic and nuclear grades
III/III. Margins negative. Treated with
chemotherapy without radiation therapy. Mag-
netic resonance imaging performed demon-
strates several ill-defined masses proven to
represent recurrent invasive carcinoma.

7. Recurrence

7.1. At the Lumpectomy Site
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Figure 23.115. A 43-year-old woman status
post conservation for invasive lobular carci-
noma followed by chemotherapy and radia-
tion therapy now presents with breast
thickening. Magnetic resonance imaging
demonstrates recurrent mass in the anterior
breast proven to represent invasive mammary
carcinoma with mixed ductal and lobular 
features.

Figure 23.116. A 71-year-old diagnosed with
stage II invasive ductal carcinoma breast
cancer with 10/19 positive nodes. She received
three cycles of chemotherapy and refused
more. Full course of radiation therapy given.
Presents now with peri-incisional fullness. At
the lumpectomy site an irregular mass was
identified and documented on ultrasound.
Core biopsy yielded invasive ductal carcinoma
treated with mastectomy and hormonal
therapy.
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Figure 23.117. A 42-year-old treated 5 years
ago for invasive and in situ ductal carcinoma.
Invasive component with histologic and
nuclear grades III/III and in situ component
cribiform, solid and comedo type with high
nuclear grade and comprising >25% of the
tumor compatible with EIC. Margins were
negative following the second re-excision and
lymph nodes were negative. Patient now pre-
sents with new calcifications on mammogra-
phy. Stereotactic biopsy yielded recurrent
DCIS, high nuclear grade, and extensive necro-
sis. Mastectomy performed. Maximum inten-
sity projection shows linear branching
enhancement in the superior breast com-
patible with recurrent DCIS.

Figure 23.118. A 57-year-old woman with
history of bilateral lumpectomies and bilateral
augmentation. She has been treated with
chemotherapy and radiation therapy to both
breasts. She presents with palpable nodularity
in the left upper outer quadrant. Mammogra-
phy failed to note any suspicious findings but
was limited due to the presence of the
implants. Magnetic resonance imaging demon-
strates two suspicious irregular masses that
were biopsied under ultrasound guidance
yielding invasive ductal carcinoma, moder-
ately to poorly differentiated. Bilateral total
mastectomies were performed.
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Figure 23.119. A 63-year-old woman with a
history of DCIS 1 year ago treated with 
excision and no radiation presents with a new
mass on mammography that was biopsied
under ultrasound guidance yielding invasive
mammary carcinoma with ductal and lobular
features. Magnetic resonance imaging demon-
strates an irregular mass anterior to the
lumpectomy site compatible with recurrent
carcinoma.

Figure 23.120. A 50-year-old initially pre-
sented with a mass 5 years ago in the breast in
Central America. Biopsy yielded invasive
ductal carcinoma. No initial mammogram was
performed. Re-excision was reportedly nega-
tive though axillary nodal dissection yielded
eight positive nodes. She underwent full
courses of chemotherapy and radiation
therapy and now presents for follow up. Mag-
netic resonance imaging demonstrates an
irregular suspicious mass anterior and inferior
to the lumpectomy site. Directed ultrasound
over this region discloses a mass that was biop-
sied yielding invasive mammary carcinoma
with mixed ductal and lobular features, poorly
differentiated which was morphologically
similar to the patient’s prior mammary carci-
noma. Patient subsequently underwent total
mastectomy.

7.2. Elsewhere in Breast
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Figure 23.121. A 44-year-old woman under-
went screening mammography that identified
a nonpalpable mass that proved to represent
multiple foci of invasive ductal carcinoma,
poorly differentiated with lobular growth
pattern. Re-excision demonstrated residual
multiple foci of invasive carcinoma ranging in
size from 0.3 to 0.9 cm. Final margins were neg-
ative. She underwent full course of chemother-
apy and radiation therapy. She now presents 2
years later with new calcifications elsewhere in
the breast. Stereotactic biopsy yielded invasive
ductal carcinoma, histologic grade III, nuclear
grade II. Ductal carcinoma in situ, solid and
cribiform typed, intermediate nuclear grade
extensive necrosis. Magnetic resonance
imaging demonstrates multiple irregular
masses throughout the breast. Pathology of
the mastectomy specimen yielded recurrent
invasive mammary carcinoma with ductal and
lobular features that involved the entire
breast. Ductal carcinoma in situ was of the
same type and involved all quadrants. Note
skin enhancement representing inflammatory
component confirmed at surgery.

Figure 23.122. A 48-year-old woman status
post stereotactic biopsy for calcifications
showing DCIS, solid type with high nuclear
grade and moderate necrosis. Calcifications
were present in the DCIS and benign breast
tissue. Re-excision was performed which
yielded invasive ductal carcinoma NOS type,
histologic and nuclear grade III/III measuring
0.4 cm and associated EIC, solid type with 
high nuclear grade and extensive necrosis.
No involvement of the surgical margins was
noted. Nodes were negative. The patient
underwent radiation therapy. At that time she
had a normal MRI examination. Six months
later she underwent repeat MRI, which
demonstrated abnormal clumped enhance-
ment anterior to the lumpectomy site in the
lower breast. Mammography and ultrasound
were negative. Biopsy showed DCIS, high
nuclear grade, and moderate necrosis. The
patient then underwent completion 
mastectomy.
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Figure 23.123. A 60-year-old woman with 2-
cm infiltrating lobular carcinoma, classical
type of the right breast status post excision
with positive margins. Magnetic resonance
imaging demonstrates a small amount of
nodular enhancement anterior to the seroma
cavity. Re-excision yielded infiltrating
mammary carcinoma poorly differentiated
with innumerable foci ranging up to 1.2 cm.
Magnetic resonance imaging underestimated
the extent of residual disease and the patient
ended up having mastectomy.

Figure 23.124. A 48-year-old with suspicious
calcifications noted on routine mammogram 
of the left breast proven to represent well-
differentiated infiltrating ductal carcinoma,
pure tubular type with three separate foci
measuring up to 2.4 cm. Posterior margin was
positive. Magnetic resonance imaging per-
formed demonstrated nodular enhancement
along the inferior and posterior margins of the
seroma cavity suspicious for residual disease.
Re-excision demonstrated low-grade DCIS,
micropapillary and cribiform types.

8. Residual

8.1. At the Excisional Biopsy Site
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Figure 23.125. A 37-year-old presented with
a palpable left breast mass. Mammography
demonstrated heterogeneously dense breasts
with no focal finding. Biopsy yielded 2.5-cm
infiltrating ductal carcinoma with positive
margins. No calcifications were noted in the
carcinoma. Postoperative mammogram was
unremarkable. Magnetic resonance imaging
demonstrates anterior to the seroma cavity
clumped patchy enhancement that showed
residual high-grade DCIS, cribiform architec-
ture, with extensive necrosis Margins were
negative at re-excision.

Figure 23.126. A 68-year-old with 1.5-cm
moderately differentiated infiltrating ductal
carcinoma in the right breast with several sep-
arate foci of invasive carcinoma measuring 
0.2 and 0.5 cm. Associated DCIS cribiform,
solid, papillary with low-to-intermediate nu-
clear grade was identified. A few foci of DCIS
approached the inked margins. Magnetic reso-
nance imaging was performed for residual
disease and demonstrates a single small mass
inferior to the surgical site. Re-excision
showed a few foci of atypical ductal hyperpla-
sia and LCIS but no residual carcinoma.
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Figure 23.127. A 42-year-old who sought
bilateral reduction surgery was noted to have
a palpable nodule on examination. On ultra-
sound the palpable abnormality was solid.
Excisional biopsy yielded invasive lobular car-
cinoma extending to cauterized margins. Mag-
netic resonance imaging performed to assess
residual disease.The patient opted for bilateral
mastectomy which demonstrated residual
invasive lobular carcinoma measuring at least
7 cm and 4 of 16 positive axillary nodes.

Figure 23.128. A 40-year-old presented with
left breast mass yielding moderately differen-
tiated invasive ductal carcinoma measuring 1.1
cm with associated DCIS and DCIS extending
to an unspecified margin. The postoperative
seroma was small and demonstrated thick
enhancement. No residual was found at 
re-excision.
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Figure 23.129. A 50-year-old with new calci-
fications on mammography status post ster-
eotactic biopsy positive for DCIS. Excisional
biopsy was performed yielding foci suspicious
for microinvasive ductal carcinoma and exten-
sive DCIS, solid, cribiform, and papillary types
with high nuclear grade and moderate necro-
sis. Ductal carcinoma in situ extended to all
margins. Magnetic resonance imaging follow-
ing excision demonstrates extensive enhance-
ment around the seroma caity confirmed at
surgery. Patient ultimately underwent 
mastectomy.

Figure 23.130. A 65-year-old woman with
spiculated mass on mammography thought 
to represent radial scar. Excisional biopsy 
performed which demonstrated DCIS solid
and cribiform types with low-to-intermediate
nuclear grade and minimal necrosis portions
of which involved the radial scar. A few foci of
DCIS were close to the superior margin. Post-
operative MRI demonstrates thick nodular
enhancement around the seroma cavity. Re-
excision showed florid ductal hyperplasia with
focal atypia and fibrocystic changes and no
residual carcinoma.
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Figure 23.131. A 52-year-old woman who
developed a 2-cm area of calcifications in the
upper outer quadrant. At surgical excision fol-
lowing needle localization these were shown
to be associated with atypical ductal hyperpla-
sia. Because so few calcifications were identi-
fied on the specimen radiography, rebiopsy
was planned. Prior to surgery, MRI was per-
formed which showed suspicious clumped
enhancement (arrow) in the upper outer
quadrant extending to the nipple. This was
shown to represent DCIS, cribiform type with
low nuclear grade and no necrosis. Calcifica-
tions were associated with benign breast
parenchyma.

Figure 23.132. A 37-year-old presented with
palpable breast mass. Mammogram demon-
strated subtle asymmetry but ultrasound
showed a suspicious 2.5-cm mass that was
biopsied yielding invasive ductal carcinoma
NOS, histologic and nuclear grades III/III and
high-grade DCIS with extensive necrosis.
Invasive carcinoma was within 0.5 cm of the
superior margin and DCIS was 0.6 cm from the
anterior and superior margins. Magnetic reso-
nance imaging performed for assessment of
residual disease. Nodular enhancement was
seen surrounding the lumpectomy site in the
same quadrant. These were not identified on
ultrasound. Magnetic resonance needle local-
ization demonstrated several foci of DCIS,
high grade with extensive necrosis adjacent
and away from the lumpectomy site. The
patient then underwent completion mastec-
tomy. Nodes were negative.

8.2. In the Same Quadrant
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Figure 23.133. A 52-year-old woman who had
a small cluster of pleomorphic calcifications in
the upper outer quadrant. Subsequent exci-
sional biopsy yielded invasive ductal carci-
noma with poor differentiation and underlying
lymphatic invasion. She then underwent wide
excision with sentinel node biopsy with 
carcinoma close to the inked margins.
Micrometastases were noted in three sentinel
lymph nodes. Magnetic resonance imaging
demonstrated areas of clumped enhancement
posterior to the lumpectomy site. A second,
wide re-excision was performed which found
focal microinvasive ductal carcinoma and
DCIS, solid type with high nuclear grade and
moderate necrosis. Axillary node dissection
was negative.

Figure 23.134. A 45-year-old woman with
dense breasts and strong family history of
breast carcinoma initially presented with a pal-
pable abnormality and no corresponding
mammographic or ultrasound abnormality. A
wide excision had already been performed
prior to the MRI yielding DCIS, micropapillay,
papillary and cribiform types with intermedi-
ate nuclear grade and moderate necrosis.
Magnetic resonance imaging demonstrates
extensive residual segmental clumped
enhancement posterior and anterior to the
lumpectomy site extending from the chest wall
to the subareolar region. After a further
attempt at conservation with positive margins,
a completion mastectomy was finally per-
formed.
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Figure 23.135. A 37-year-old BRCA1-
positive patient with a palpable breast mass.
Mammography demonstrated extensive pleo-
morphic calcifications in the lower outer quad-
rant. The posterior extent of the tumor could
not be identified on mammography. On ultra-
sound there was an ill-defined mass that was
inseparable from the chest wall and invasion
was suspected. Magnetic resonance imaging
was performed to stage the patient and assess
the chest wall. Invasion of the chest wall
muscles was confirmed on MRI (not shown)
and enhancement anterior to the lumpectomy
site was noted which involved an entire quad-
rant compatible with residual carcinoma. The
patient underwent preoperative chemother-
apy with excellent response. At mastectomy,
two residual foci of invasive carcinoma were
found, 2 mm each.

Figure 23.136. A 39-year-old with no family
history but a history of LCIS and atypical
ductal hyperplasia presented initially with a
palpable mass that represented 5-cm invasive
mammary carcinoma with mixed ductal and
lobular features extending to the inked
margin. Magnetic resonance imaging per-
formed for residual disease assessment. Mag-
netic resonance imaging shows suspicious
enhancing nodule anterior to the lumpectomy
site, proved to represent residual invasive
lobular carcinoma at mastectomy. Additional
foci were identified at and away from the
biopsy site (not shown).
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Figure 23.137. A 39-year-old with palpable
left breast cancer and outside excisional
biopsy and axillary node dissection yielding
invasive ductal carcinoma, histologic and
nuclear grade III/III, 2.7 cm with vascular 
invasion. She then received three cycles of
chemotherapy and presented to our institu-
tion. On pathologic review, surgical margins
could not be assessed. Magnetic resonance
imaging performed to evaluate possible resid-
ual disease. In a quadrant separate from the
lumpectomy site, multiple small enhancing
masses were identified suspicious for multi-
centric disease. Ultrasound was able to iden-
tify several of these which were biopsied
yielding invasive ductal carcinoma, histologic
and nuclear grade III/III. Mastectomy was
performed.

Figure 23.138. A 51-year-old woman with
new 1.6-cm microlobulated obscured mass
noted on mammography in the retroareolar
region. Outside needle localization and surgi-
cal excision yielded DCIS, cribiform and
micropapillary with intermediate nuclear
grade and moderate necrosis. Margins were
close. Magnetic resonance imaging performed
for residual disease. Magnetic resonance
imaging demonstrates the lumpectomy site in
the anterior breast, however, separate from
the lumpectomy site is a large mass posteriorly
that yielded two foci of invasive ductal carci-
noma, moderately differentiated ranging in
size 0.8 to 2.5 cm. Ductal carcinoma in situ was
also identified, solid, cribiform, and micropap-
illary types with intermediate nuclear grade
and extensive necrosis.

8.3. In a Separate Quadrant
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Figure 23.139. A 39-year-old woman pre-
sented with a palpable abnormality in the
upper inner quadrant. On mammography two
masses were identified with associated pleo-
morphic calcifications. The disease on mam-
mography was confined to a single quadrant.
MRI was performed to assess disease extent
which confirmed the impression of two 
dominant masses with surrounding clumped
enhancement. The enhancement involved
more than one quadrant compatible with mul-
ticentric disease. The patient received mastec-
tomy. Pathology yielded two sites of invasive
ductal carcinoma and DCIS was identified in
both upper quadrants.Axillary node dissection
was negative.

Figure 23.140. A 57-year-old woman under-
went excisional biopsy yielding 4.5-cm inva-
sive ductal carcinoma with apocrine features,
histologic and nuclear grade III/III with asso-
ciated DCIS, solid type with high nuclear
grade and extensive necrosis. Magnetic reso-
nance imaging was performed to assess resid-
ual disease. In multiple quadrants ill-defined
masses were identified representing multifocal
invasive ductal carcinoma.



Figure 24.2. A 63-year-old woman with silicone implants had
MRI for assessment of palpable nodularity. MRI demonstrates
an irregular mass adjacent to the implant. This was localized
under MRI guidance using a skin marker. Pathology yielded
atypical ductal hyperplasia.

24
High-Risk Lesions

408

1. Atypical Duct Hyperplasia

Figure 24.1. A 60-year-old (high-risk) woman undergoes screen-
ing contrast enhanced magnetic resonance imaging (MRI) that
demonstrates clumped enhancement in the superior breast. No
ultrasound correlate was identified. Subsequent magnetic reso-
nance (MR) needle localization and surgical excision showed
atypical ductal hyperplasia.
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Figure 24.3. A 49-year-old woman with prior
benign biopsies yielding atypical ductal hyper-
plasia and lobular carcinoma in situ undergoes
screening. An irregular mass seen posteriorly
in the breast was not identified on mammo-
gram or ultrasound. MRI needle localization
with surgical excision yielded markedly atpical
ductal hyperplasia.

Figure 24.4. A 60-year-old woman status post
right mastectomy underwent MRI evaluation
of left breast. Clumped enhancement was
noted centrally in the breast (arrows). MRI
needle localization yielded atypical duct
hyperplasia.
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Figure 24.6. A 50-year-old woman presents
with palpable mass right breast, biopsy proven
infiltrating lobular carcinoma. Patient is sched-
uled for right mastectomy. MRI screening of
the left breast demonstrates two areas of
patchy enhancement for which needle local-
ization was performed and pathology found
lobular carcinoma in situ (LCIS).

2. Atypical Lobular Hyperplasia

Figure 24.5. A 46-year-old woman with infil-
trating lobular carcinoma of the left breast
scheduled for left mastectomy. MRI per-
formed to screen right breast. Focal clumped
enhancement was identified in the superior
breast proven to represent atypical lobular
hyperplasia focally at the level of lobular car-
cinoma in situ (classical type).

3. Lobular Carcinoma In Situ
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Figure 24.7. A 59-year-old woman with prior
history of breast biopsy yielding LCIS. Screen-
ing MRI demonstrates suspicious clumped
linear enhancement (arrow) for which biopsy
was suggested. The area was localized under
MR guidance yielding LCIS.

Figure 24.8. A 60-year-old woman with
family history of breast carcinoma. Prior
reduction mammoplasty and benign biopsy in
the upper outer quadrant yielding benign
results. In the lower right breast there is
clumped enhancement (arrow) with plateau
kinetics. Magnetic resonance localization
yielded LCIS.
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Figure 24.10. A 62-year-old woman status
post left lumpectomy for ductal carcinoma in
situ (DCIS). Screening MRI performed.
Clumped nodular enhancement in the poste-
rior breast was identified and subsequently
localized yielding LCIS.

Figure 24.9. A 56-year-old status post 
bilateral breast biopsies yielding bilateral 
infiltrating ductal carcinoma (not shown).
MRI performed for staging. Patchy areas of
enhancement are noted superiorly (arrows)
that yielded LCIS at surgery.The patient opted
for bilateral mastectomy.
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Figure 24.11. A 44-year-old woman with a strong family
history of breast carcinoma. The patient developed clumped
enhancement in the superior breast (arrow) when compared to
prior screening MRI examinations. Pathology was LCIS and
proliferative fibrocystic changes.

Figure 24.12. A 69-year-old woman with normal mammogram
had MRI which showed two suspicious areas of clumped
enhancement in the right breast. One of these (not shown)
proved to represent DCIS at surgery. The other (shown in the
interior breast (arrow)) proved to represent LCIS.

4. Radial Scar

Figure 24.13. A 50-year-old woman with 
contralateral breast cancer undergoes con-
tralateral screening MRI. At the time of 
contralateral mastectomy biopsy of the spicu-
lated area (arrow) in the left breast was per-
formed yielding radial scar.
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Benign Lesions

414

1. Fibroadenoma

Figure 25.1. A 44-year-old woman status post biopsy for a sono-
graphically evident mass yielding 1-cm benign phyllodes tumor
and atypical lobular hyperplasia. (A and B) Contrast enhanced

magnetic resonance imaging (MRI) demonstrated two additional
masses medially (arrows). Both were removed at surgery and
demonstrated to represent fibroadenomas.

A B
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Figure 25.2. A 54-year-old woman at high 
risk for breast cancer undergoes screening
MRI. (A) High signal mass noted on the 
T2-weighted image corresponds to (B) an
oval, irregular enhancing irregular mass.
Biopsy of the enhancing mass demonstrates
myxomatous fibroadenoma.

A

B
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Figure 25.5. A 66-year-old with bilateral 
calcifications and right breast mass proved to
represent invasive ductal carcinoma. Left
breast MRI showed two small masses (one
shown) which were not seen on ultrasound
and localized under MRI guidance yielding
fibroadenoma.

Figure 25.4. A 60-year-old woman preoperative for left mastec-
tomy had screening MRI examination of the right breast demon-
strating a circumscribed mass which was seen on targeted
ultrasound following MRI and yielded fibroadenoma.

Figure 25.3. A 46-year-old woman presented with palpable right
breast mass proved to be invasive ductal carcinoma. Left breast
MRI demonstrated fibroadenoma (arrow) not detected on 
mammogram.
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Figure 25.6. A 35-year-old woman with
history of Hodgkin’s disease and thyroid
cancer undergoes screening MRI. (A) Post-
contrast T1-weighted image demonstrates an
irregular mass that proved to be a myxoma-
tous fibroadenoma on ultrasound biopsy.
(B) Nonenhancing well-circumscribed mass
(arrow) that is intermediate signal on precon-
trast T1-weighted image that was proven to
represent sclerotic fibroadenoma.

A

B
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Figure 25.7. A 47-year-old woman with prior right lumpectomy
for breast cancer. (A) In the lower breast a fibroadenoma was
identified that corresponded to a mammographic finding that was
stable for many years and characteristic for a benign calcified
fibroadenoma. The mass is low signal on T2 (arrow). (B and C)

Almost no enhancement is noted of the mass on the postcontrast
images (arrows). (D) Precontrast image demonstrates central 
low signal that corresponded to the calcifications seen on the
mammogram.

A B

C D
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Figure 25.8. A 44-year-old woman with history of left mas-
tectomy 10 years ago presents for screening. Since her prior
MRI 1 year ago she had developed (A) high signal well-cir-
cumscribed mass on T2 that was evident on ultrasound and
biopsied yielding fibroepithelial tumor. The mass was (B)
isointense to breast parenchyma on the precontrast image and
demonstrates (C) rim enhancement on the postcontrast
image. Margins were smooth. Subsequent excision yielded cel-
lular fibroadenoma, concordant with the MRI findings.

A B

C
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Figure 25.9. A 38-year-old woman 1 year 
following lumpectomy for invasive lobular 
carcinoma undergoes screening MRI. Mass
identified that undergoes biopsy under ultra-
sound yielding fibroadenoma.

Figure 25.10. A 45-year-old woman with
strong family history undergoes screening MRI.
Several masses were identified (one shown)
which underwent ultrasound guided biopsy
yielding multiple fibroadenomas.
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Figure 25.11. A 48-year-old woman with strong family history has
an indeterminate left breast mass in the left breast on screening
MRI. (A) T2-weighted image demonstrates high signal mass that
is (B) isointense on the precontrast T1-weighted image. (C) Intense
rim enhancement occurs following contrast. Needle biopsy yielded
cellular fibroadenoma.

A B

C
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Figure 25.13. A 48-year-old woman with cervical carcinoma and
a strong family history of breast cancer undergoes Screening
bilateral MRI examination. The breast is extremely dense and

B

2. Cysts

2.1. Inflammatory

Figure 25.12. A 48-year-old woman status
post left mastectomy and right reduction
mammoplasty. Breast parenchyma is dense
with cystic alteration. A small cyst in the pos-
terior breast demonstrates rim enhancement
(arrow).

cystic. (A) T2 weighted image documents multiple high signal
cysts. (B) On the postcontrast images several of these enhance
peripherally compatible with imflammatory cysts.

A
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Figure 25.14. A 41-year-old patient with known contralateral
breast cancer undergoes bilateral MRI examination. (A) In the
central left breast there is a high signal mass that (B) demonstrates
rim enhancement on the post contrast image. (C) T2-weighted
image demonstrated that this was not high in signal. Findings are
compatible with a complex cyst that was verified on ultrasound and
aspirated.

A B

C
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Figure 25.15. A 57-year-old patient with contralateral DCIS
diagnosed on stereotactic biopsy performed for new calcifica-
tions. Magnetic resonance imaging performed for assessment of
disease extent. (A) A high signal cyst is noted on T2-weighted

image. (B) On the precontrast T1-weighted image this is high in
signal. (C) Following contrast injection, rim enhancement is seen
compatible with inflammatory changes. (D) Subtraction imaging
confirms enhancement.

A B

DC
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2.2. Fluid/Fluid Layer

Figure 25.16. A 67-year-old woman with
history of bilateral cysts on hormone replace-
ment therapy now stopped for 3 months. Note
fluid-fluid layer in dominant cyst superiorly in
breast.
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Figure 25.17. A 62-year-old woman with left breast DCIS status
post re-excision with close margins. (A) T2 demonstrates a high
signal mass with fluid fluid layer. (B) Pre- and (C) postcontrast

A B

DC

T1-weighted images demonstrate slightly high signal mass that
does not enhance as confirmed on the (D) subtraction image.



25. Benign Lesions 427

3. Lymph Nodes

3.1. Intramammary

Figure 25.18. A 47-year-old woman with strong family history of
breast cancer. Screening breast MRI demonstrates central right
breast mass (A) high in signal on T2 and (B) demonstrating
enhancement on the postcontrast T1 images. (C) Subtraction
imaging confirms presence of enhancing mass. Ultrasound-guided
fine needle aspiration was performed confirming impression of
intramammary lymph node.

A B

C
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Figure 25.19. A 55-year-old woman status post biopsy of two right
breast masses yielding invasive lobular carcinoma. Left breast MRI
performed for evaluation of contralateral disease. (A) A benign
high signal lymph node is present on the T2-weighted image. (B)
On the postcontrast image note the vessel that arises from the
lymph node hilum. (C) On the non-fat-suppressed T1-weighted
images fat can be seen centrally within the mass supporting impres-
sion of lymph node.

A B

C
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Figure 25.20. A 26-year-old woman with
extremely dense breasts and palpable nodule
in the left breast upper outer quadrant. In the
posterior lower inner quadrant on postcon-
trast T1-weighted MRI a reniform mass is
identified with radiating vessels compatible
with lymph node.

Figure 25.21. A 53-year-old woman status
post right lumpectomy for poorly differenti-
ated invasive mammary carcinoma with mixed
ductal and lobular features. Magnetic reso-
nance imaging demonstrates benign appearing
lymph node in the posterior breast adjacent to
the chest wall.
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Figure 25.22. A 66-year-old woman with right
breast carcinoma. Magnetic resonance
imaging demonstrates reniform lobulated
mass in the upper outer quadrant of the left
breast that was high in signal on T2 and
demonstrated washout kinetics compatible
with a lymph node.

Figure 25.23. A 51-year-old woman with right
breast carcinoma. Benign intramammary
lymph node identified on MRI performed for
staging.
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Figure 25.24. A 44-year-old woman with
family history of breast cancer as well as mul-
tiple other cancers. Screening MRI protocol
patient. Lymph node in an uncharacteristic
location (central breast) and with uncharac-
teristic appearance. (A) MRI demonstrates
lobulated oblong mass with high signal on T2
and (B) strong enhancement with washout
characteristic of a lymph node. Subsequent
mammogram 9 months following MRI showed
development of 1.5-cm linear calcifications in
a different quadrant of the breast that proved
to represent DCIS at stereotactic biopsy.

A

B
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A B

3.2. Axillary

Figure 25.25. A 43-year-old woman status
post left lumpectomy 2 years ago yielding
invasive ductal carcinoma with axillary metas-
tases. Patient now presents with palpable right
axillary adenopathy. Fine needle aspiration
yielded adenocarcinoma resembling the 
prior contralateral carcinoma. Magnetic re-
sonance imaging documents presence of en-
larged irregular heterogeneous node without
fatty hilum compatible with metastatic
involvement.

Figure 25.26. A 49-year-old woman who underwent biopsy for
a palpable abnormality yielding invasive ductal carcinoma with
positive margins. MRI performed to assess residual disease. No
residual disease was noted. (A) Incidental note was made on the

initial post operative MRI examination of a prominent lymph
node, likely reactive from the recent surgery in the breast. (B) A
follow up examination one year later demonstrates marked
decrease in size of the lymph node compatible with reactive node.
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Figure 25.27. A 40-year-old woman status post left mastectomy
for screening of the right breast. (A) Benign lymph node identi-
fied as a high signal mass on the T2-weighted image posteriorly in
the breast. (B) Postcontrast image demonstrates rapid intense
enhancement with washout. (C) Non-fat suppressed T1-weighted
image demonstrates fat within hilum diagnostic of lymph node.

A B

C
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Figure 25.28. A 31-year-old woman with history of right breast
cancer. (A and B) Pre- and postcontrast images demonstrate
intense enhancement of a posterior lymph node that has a benign
appearance. (C) Non-fat-suppressed T1-weighted image demon-
strates fat within hilum.

A B

C
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Figure 25.29. A 55-year-old woman with 20-
year history of bilateral implants staus post
removal with incidental invasive carcinoma
found at time of removal. Subsequently
patient underwent left mastectomy. Now pre-
sents with right axillary adenopathy. Axillary
dissection yielded 24/25 positive nodes with
extranodal extension. Magnetic resonance
imaging demonstrates irregular lymph nodes
suspicious for metastatic involvement.

Figure 25.30. A 40-year-old with history of
normal mammogram and normal physical
examination presents with outside nuclear
medicine scan suspicious for malignancy. Bilat-
eral MRI demonstrated a mass in the right
upper inner quadrant which was subsequently
identified on ultrasound and biopsied yielding
benign findings of fibroadenomatoid hyper-
plasia, fibrosis, cysts. Follow-up MRI examina-
tion demonstrates low axillary level I lymph
node compatible with reactive node as follow
up MRI demonstrated interval decrease in
size. Breast parenchyma shows cystic changes
with stippled enhancement.

3.3. Reactive
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Figure 25.31. A 58-year-old woman status
post left mastectomy 5 years ago now presents
with new right breast mass on mammography.
Ultrasound confirmed presence of mass and
biopsy yielded invasive ductal carcinoma his-
tologic and nuclear grade III/III. Note that
location of carcinoma can be confused with
axillary adenopathy.

Figure 25.32. A 78-year-old woman status
post excision of poorly differentiated invasive
ductal carcinoma with close margins. Sentinel
lymph node biopsy also performed which was
negative. Enhancing mass identified next to
seroma cavity from sentinel node biopsy.
Ultrasound-guided biopsy demonstrated
benign lymphoid tissue with no evidence of
malignancy compatible with benign intra-
mammary lymph node.
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4. Duct Ectasia

Figure 25.34. A 56-year-old woman with
strong family history of breast cancer. Screen-
ing protocol study. Postcontrast fat-suppressed
T1-weighted images show dilated retroareolar
lactiferous sinus with high signal material
likely representing proteinaeous or hemor-
rhagic debris.

Figure 25.33. A 41-year-old woman status
post excision of invasive lobular carcinoma.
Magnetic resonance imaging performed to
rule out residual disease. Magnetic resonance
imaging demonstrates large postoperative
seroma cavity with artifact from surgical clips.
A 3-mm enhancing mass posterior to the
seroma cavity was identified, which was con-
firmed on ultrasound. Subsequent biopsy
yielded benign intramammary lymph node.
Residual invasive lobular carcinoma (1.5 mm)
was found at re-excision.
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Figure 25.35. A 60-year-old high-risk patient with history of
lobular carcinoma in situ (LCIS) and atypical duct hyperplasia.
(A) High signal material is noted in dilated ducts that arborize
in a segmental duct distribution on the precontrast image com-

patible with duct ectasia. (B) Following contrast injection it
appears that no enhancement occurs which is (C) confirmed on
the subtraction views. (D) Corresponding T2-weighted image of
duct ectasia.

A B

C D
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Figure 25.36. A 56-year-old woman with
history of intraductal papillomatosis and
atypia (precontract fat supressed T1-weighted
images) demonstrates segmental dilation of a
ductal system in the upper breast with high
signal content.

Figure 25.37. A 62-year-old woman with
history of left breast DCIS. Retroareolar
prominence of ducts is noted on screening
MRI examination.
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Figure 25.38. A 58-year-old woman with
history of bilateral invasive ductal carcinoma.
Maximum intensity projection demonstrates
ductal dilation in the retroareolar region.

5. Papilloma

Figure 25.39. A 43-year-old woman status
post left lumpectomy. Magnetic resonance
imaging demonstrates irregular mass in the
retroareolar region which was seen on ultra-
sound, biopsied percutaneouly yielding 
papilloma. Subsequent surgical excision
demonstrated an 8-mm sclerosing intraductal
papilloma.
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Figure 25.40. A 48-year-old woman status post left lumpectomy
for invasive ductal carcinoma and DCIS 7 years ago. Magnetic 
resonance imaging demonstrates round homogeneously enhanc-
ing mass in the right breast that was identified on ultrasound and
biopsied yielding papillary lesion with focal moderate ductal
hyperplasia. Surgical excision was recommended due to the
pathology and a 3-mm intraductal papilloma with biopsy site
changes were found.

Figure 25.41. A 55-year-old woman with right breast carcinoma
underwent staging MRI examination. Left breast demonstrated
a suspicious mass that proved to represent intraductal sclerosing
papillomatosis with florid duct hyperplasia.

Figure 25.42. A 45-year-old woman presents
with nipple discharge and negative mammo-
gram. Magnetic resonance localization of the
enhancing mass performed prior to duct exci-
sion. Mass corresponded to an intraductal
papilloma.
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6. Fibrocystic Changes

Figure 25.43. A 44-year-old high-risk patient
with prior history of benign biopsy yielding
atypical duct hyperplasia, radial scar, papil-
loma. Subsequent bilateral benign biopsies
yielded benign findings including fibrocystic
changes. (A) MRI demonstrates a dominant
cyst on the T2-weighted image and (B) diffuse
stippled enhancement throughout the remain-
der of the parenchyma.

B

A
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Figure 25.44. A 44-year-old woman with
strong family history participating in screening
study. Background stippled enhancement
noted.

BA

Figure 25.45. A 47-year-old woman with strong family history
status post lumpectomy right breast and benign left breast biopsy
(artifact from clip identified). (A) Multiple tiny high signal cysts
are noted scattered throughout the breast parenchyma fat sup-

pressed on T2 weighted imaging. (B) Patchy stippled enhance-
ment on the post contrast fat suppressed T1 weighted image iden-
tified compatible with fibrocystic changes.
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Figure 25.46. A 52-year-old woman status
post right breast excisional biopsy for invasive
ductal carcinoma with positive margins. Mag-
netic resonance imaging performed for disease
extent. (A) In the contralateral breast stippled
enhancement is seen on the postcontrast 
fat-suppressed T1-weighted images. (B) Cysts
are seen on the fat-suppressed T2-weighted
images.

A

B
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Figure 25.47. A 47-year-old status post multi-
ple fine needle aspirations for bilateral cysts
and excisional bipsy yielding ductal hyperpla-
sia. Strong family history. (A) Breast are
extremely dense with multiple cysts, seen on
T2-weighted image. (B) Following contrast
injection, stippled enhancement is seen.

B

A
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Figure 25.48. A 40-year-old woman status
post bilateral benign biopsies yielding focal
LCIS on the left and fibroadenomas on the
right. Presents for screening MRI. (A) Dense
breasts demonstrate cysts on fat suppressed
T2-weighted image. (B) Stippled enhancement
noted on the post contrast fat suppressed
image.

A

B
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Figure 25.49. A 46-year-old woman with history of DCIS and
LCIS in the left breast and palpable right breast lesion. Corre-
sponding to the area of palpable abnormality is a regional area
of stippled enhancement that was recommended for biopsy. Mag-
netic resonance vacuum biopsy yielded fibrocystic changes
including ductal hyperplasia, sclerosing adenosis, fibrosis, apoc-
rine metaplasia, and cysts.

Figure 25.50. A 46-year-old woman status post stereotactic
biopsy of the left breast yielding DCIS. Contralateral right breast
at MRI examination demonstrates clumped enhancement florid
proliferative changes including sclerosing intraductal papillomas
and microscopic radial scars.

Figure 25.51. Maximum intensity projection
(MIP) of benign stippled enhancement in a
dense breast.
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7. Abscess

Figure 25.52. A 55-year-old woman noticed
lump in right breast upper outer quadrant.
Mammography showed a 2.5-cm spiculated
mass that was biopsied 2 months ago yielding
invasive ductal carcinoma and DCIS. Patient
presents with an inflamed breast and fluid col-
lection that was aspirated yielding inflamma-
tion without malignancy. Magnetic resonance
imaging performed to assess for residual or
recurrent disease. (A) MRI demonstrates
large septated mass with surrounding edema
on T2-weighted image. (B) The abscess
enhances peripherally on the postcontrast T1-
weighted images but there is no evidence of
gross residual or recurrent disease.

A

B
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8. Duct Hyperplasia

Figure 25.53. A 36-year-old woman with pal-
pable lump in the upper outer quadrant of the
left breast. Mammogram demonstrates dense
breast tissue with no focal finding. Magnetic
resonance imaging shows patchy enhancement
that demonstrates plateau kinetics corre-
sponding to the palpable abnormality. Biopsy
yielded benign breast tissue with ductal hyper-
plasia without atypia.

Figure 25.54. A 46-year-old woman with
strong family history underwent screening
MRI. Irregular enhancement in the lower
inner quadrant was noted with plateau kinet-
ics. At MR localization and biopsy this was
proven to represent duct hyperplasia.
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Figure 25.55. A 42-year-old woman with peri-
incisional fullness following benign excisional
biopsy. Magnetic resonance imaging was per-
formed to evaluate excisional site. Elsewhere
in the breast a small focus of enhancement was
identified which underwent MR needle local-
ization and surgical excision yielding ductal
hyperplasia.

Figure 25.56. A 54-year-old woman status
post aspiration of a 1-cm irregular mass in the
5 o’clock axis of the left breast yielding ade-
nocarcinoma. The area was localized under
ultrasound however surgical excision disclosed
atypical ductal hyperplasia without evidence
of needle tract. Magnetic resonance imaging
performed to assess for residual suspicious
mass. Magnetic resonance imaging showed
suspicious enhancement in the superior breast
away from the biopsy site (not shown). This
was localized and demonstrated florid ductal
hyperplasia without atypia.
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9. Sclerosing Adenosis

Figure 25.57. A 33-year-old woman with
stage III ovarian dysgerminoma. Family
history of breast cancer. Magnetic resonance
imaging performed for screening demon-
strates homogeneous regional enhancement in
the lower breast. Magnetic resonance vacuum
biopsy demonstrated florid sclerosing adeno-
sis, radial sclerosing lesions, and stromal fibro-
sis. Surgical excision was recommended which
confirmed the benign histology.

Figure 25.58. A 51-year-old high risk woman with history of
atypical duct hyperplasia at benign biopsy underwent screening
MRI. (A) An oval smooth homogeneously enhancing mass in the
superior breast was identified exhibiting plateau kinetics. Biopsy

BA

was recommended. Ultrasound failed to demonstrate a correlate.
As this examination was performed prior to MR biopsy capabil-
ity, (B) MR needle localization was performed. Pathology yielded
sclerosing adenosis and stromal fibrosis.
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10. Adenomyoepithelioma

Figure 25.59. A 52-year-old woman with con-
tralateral DCIS undergoes staging MRI exam-
ination that demonstrated enhancing 8-mm
mass in the central breast (arrow) that under-
went biopsy under ultrasound guidance yield-
ing adenomyoepithelioma.

11. Fibrosis

Figure 25.60. A 39-year-old gene-positive
patient with extremely dense breasts under-
goes screening MRI which demonstrates an
irregular enhancing mass in the superior
breast. Directed ultrasound found a correlate
which was biopsied percutaneously yielding
fibrosis. Excisional biopsy was recommended
to ensure benign results confirming fibrosis.
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Figure 25.61. A 35-year-old woman status post mastectomy 3
years ago. Screening MRI demonstrates small irregular mass in
the posterior breast with suspicious morphology but plateau
kinetics. Biopsy yielded dense stromal fibrosis.

Figure 25.62. A 42-year-old woman with palpable abnormality
in the 6 o’clock axis that underwent fine needle aspiration yield-
ing findings suspicious for adenocarcinoma. Subsequent surgical
excision showed benign findings at the aspiration site. Magnetic
resonance imaging performed to exclude any suspicious findings.
In the superior breast a small irregular enhancing mass was iden-
tified which proved to be fibrosis.

Figure 25.63. A 48-year-old woman presents
with two palpable masses in the right breast
that are proven to represent invasive ductal
carcinoma. Magnetic resonance imaging per-
formed for extent of disease. In the contralat-
eral breast a homogeneously enhancing round
smooth mass with plateau enhancement was
identified. Due to the presence of contralateral
disease this was considered suspicious and
MRI-guided needle localization yielded 
fibrosis.
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Figure 25.64. A 35-year-old woman status
post mastectomy with (A) suspicious irregular
mass identified on screening MRI of the con-
tralateral breast. Due to continuous kinetics
this was followed at 6 months without change
in the findings. (B) At this time patient desired
removal and fibrosis was found at surgery fol-
lowing MR needle localization.

A

B
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Figure 25.65. A 42-year-old woman status
post right mastectomy with palpable thicken-
ing left breast. Mammogram and screening
ultrasound were negative. History of prior
benign biopsy in the lower outer quadrant
yielding pseudoangiomatous stromal hyper-
plasia (PASH). Patient underwent surgical
excision of the mass noted on MRI and the
palpable thickening. The mass (arrow) yielded
dense fibrosis and the palpable area yielded
duct hyperplasia.

12. Pseudoangiomatous Stromal Hyperplasia

Figure 25.66. A 54-year-old woman with
ovarian carcinoma and fibrocystic disease on
hormonal replacement therapy, presents with
abnormal screening MRI. Magnetic resonance
imaging demonstrated progressive clumped
enhancement (arrow) in the right breast and
MRI needle localization was performed yield-
ing PASH.
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Figure 25.67. A 34-year-old woman with
abnormal mammogram which demonstrates
asymmetry. Breast MRI demonstrates a small
enhancing mass in the posterior breast that
proved to represent PASH.

Figure 25.68. A 45-year-old woman with
strong family history of breast cancer under-
goes screening MRI examination. Breasts are
extremely dense and there is a focal area of
enhancement inferiorly (arrow) that proves to
represent PASH.
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Figure 25.69. A 54-year-old woman status
post contralateral mastectomy undergoes
screening MRI which demonstrates regional
clumped enhancement yielding PASH.

Figure 25.70. A 44-year-old woman status
post right mastectomy for Paget’s disease 13
years ago presents with new bloody nipple dis-
charge. Magnetic resonance imaging shows a
large area of enhancement in the upper breast
that underwent excision yielding PASH and no
carcinoma.
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Figure 25.71. A 63-year-old woman with left
breast density seen on one view. Magnetic res-
onance imaging confirmed the presence of a
finding in the superior breast (arrow). Mag-
netic resonance localization and biopsy
yielded PASH.

Figure 25.72. A 44-year-old woman with
history of LCIS for high-risk screening. Mag-
netic resonance imaging demonstrates an irreg-
ular mass in the superior breast. Mammogram
was dense without abnormality. No ultrasound
correlate was identified. Magnetic resonance
imaging guided needle localization demon-
strated stromal fibrosis, PASH, adenosis, and
apocrine metaplasia.
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13. Skin Lesions

13.1. Sebaceous Cyst

Figure 25.73. A 43-year-old woman had sus-
picious calcifications on baseline mammogram
demonstrated to represent DCIS on stereo-
tactic biopsy. The patient had conservation
therapy and radiation therapy. Follow-up
mammogram 1 year later showed new calcifi-
cations at the lumpectomy site demonstrated
to represent recurrent DCIS. She was recom-
mended for mastectomy and seeks a second
opinion. No additional lesions were identified
on MRI other than the recurrence at the
lumpectomy site. Incidental enhancement of a
cutaneous lesion demonstrated compatible
with known sebaceous cyst.

Figure 25.74. A 42-year-old woman with
strong family history (sister diagnosed at age
27) status post bilateral reduction surgery. No
suspicious areas of enhancement on MRI.
Incidental sebaceous cyst noted (arrow).
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13.2. Skin Thickening After Surgery

Figure 25.75. A 65-year-old woman status
post excisional biopsy for a palpable mass
yielding invasive lobular carcinoma. Post-
biopsy changes are noted inferiorly in the
breast. Incidental note is made of focal skin
thickening (arrow) without enhancement
compatible with postoperative changes.

Figure 25.76. A 38-year-old woman status
post lumpectomy for invasive lobular carci-
noma 3 months ago with close margins. Under-
goes MRI to assess for residual disease.
Distortion is noted superiorly at the site of
biopsy (long arrow). Note adjacent skin thick-
ening (short arrows).
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Figure 25.77. A 53-year-old woman status
post lumpectomy for invasive lobular carci-
noma with close margins. Magnetic resonance
imaging performed for assessment of residual
disease. Thin rim enhancement is noted
around the seroma cavity. No bulky residual
disease is noted. Note postoperative skin
thickening.

Figure 25.78. A 46-year-old woman status
post excisional biopsy yielding intraductal
papillary carcinoma. Magnetic resonance
imaging demonstrates residual disease
(arrows) surrounding the biopsy cavity. Skin
thickening noted.
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14. Gynecomastia

Figure 25.81. A 53-year-old man status post
radical prostatectomy 4 years ago on hormone
therapy with a rising PSA.

13.3. Skin Thickening After Radiation

Figure 25.79. A 47-year-old woman with a history of locally
advanced right breast cancer status post neoadjuvant chemother-
apy with complete response. Superior retraction of the nipple is
seen as well as skin thickening.

Figure 25.80. A 60-year-old woman status post left lumpectomy
followed by radiation therapy with significant artifact from clips
placed at lumpectomy. Note skin thickening in the anterior breast
without enhancement.
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Figure 26.1. A 42-year-old woman status post
lumpectomy 1 year ago for poorly differenti-
ated breast carcinoma. Multiple clips are
noted posteriorly at the lumpectomy site
(marked with a cutaneous marker). Note scar
extending to the skin.
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Figure 26.2. A 45-year-old woman 1 year
after lumpectomy for invasive ductal carci-
noma well-to-moderately differentiated. Sus-
ceptibility artifact from titanium clips placed
at the lumpectomy site is noted. Generally
these are used to identify the lumpectomy site
for boost radiation.

Figure 26.3. A 37-year-old woman with a pal-
pable mass had a mammogram that demon-
strated calcifications. These underwent
stereotactic biopsy yielding ductal carcinoma
in situ (DCIS) with microinvasion. Magnetic
resonance imaging (MRI) performed follow-
ing stereotactic biopsy. Note artifact from clip
(arrow) and surrounding clumped enhance-
ment in a ductal distribution that represented
residual DCIS.
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Figure 26.4. A 47-year-old woman underwent
screening MRI that identified an occult carci-
noma (not shown). Following excisional
biopsy 2 weeks ago a seroma cavity is seen
superiorly in the breast with associated sus-
ceptibility artifact from clips. Note thin rim
enhancement that is an expected finding fol-
lowing recent surgery.

Figure 26.5. A 54-year-old woman 10 years
following lumpectomy for moderately differ-
entiated invasive ductal carcinoma. Abundant
artifact from multiple clips is noted at the
lumpectomy site limiting evaluation.
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Figure 26.6. A 36-year-old woman status post
lumpectomy for poorly differentiated invasive
ductal carcinoma 1 year ago. Minimal
enhancement is still noted at the surgical site
with clips.

1.1.2. Hematoma and Seroma

Figure 26.7. A 52-year-old woman following
lumpectomy for invasive ductal carcinoma
with close margins. Magnetic resonance
imaging performed 3 weeks following initial
surgery (performed elsewhere) to assess for
residual disease. Note large postoperative
seroma cavity with air-fluid level (patient is
prone). Thin symmetric enhancement is noted
surrounding the cavity.
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Figure 26.8. A 65-year-old woman 2 weeks
following conservation for DCIS with positive
margins. Magnetic resonance imaging demon-
strates high signal postoperative collection
with enhancement at the surgical margins.

Figure 26.9. A 25-year-old woman 2 months
following excision of calcifications yielding
DCIS. Note the absence of enhancement 
surrounding the collection at the lumpectomy
site.
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Figure 26.11. A 53-year-old woman status
post surgery yielding invasive ductal carci-
noma and LCIS. Margins were close. MRI per-
formed 4 weeks following surgery. Note clip
artifact along the posterior aspect of the
seroma cavity. Nodular enhancement along
the anterior surface was localized prior to re-
excision and LCIS was found at pathology.

Figure 26.10. A 38-year-old woman status post lumpectomy 2
weeks ago for invasive lobular carcinoma with positive margins.
(A) T2-weighted image demonstrates high signal postoperative
collection compatible with seroma. Note high signal edema supe-

A B

riorly in the breast and adjacent skin thickening from the surgery.
(B) No suspicious enhancement is noted on the postcontrast T1-
weighted image. Note normal nipple enhancement.
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Figure 26.12. A 52-year-old woman 7 years
following lumpectomy for DCIS. (A) Pre- and
(B) postcontrast images demonstrate a chronic
egg-shaped hematoma (confirmed on multiple
prior mammograms) at the surgical site. Note
adjacent enhancing lymph node (arrow).

A

B
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Figure 26.13. A 47-year-old woman status
post lumpectomy for DCIS. (A) MRI per-
formed 2 months following surgery demon-
strates a postoperative seroma cavity. (B) MRI
performed 2 weeks later demonstrates interval
reduction of the seroma cavity without suspi-
cious findings.

B

A
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Figure 26.14. A 42-year-old with occult
primary breast carcinoma metastatic to the
axilla underwent excision of the primary in the
upper breast with negative margins. Magnetic
resonance imaging identifies a normal seroma
cavity 3 weeks following excision.

Figure 26.15. A 48-year-old woman with left
breast invasive ductal carcinoma with close
margins. MRI performed 2 weeks after surgery
demonstrates postoperative collection with
thick rim enhancement at the periphery. Re-
excision demonstrated lobular carcinoma in
situ (LCIS) but no residual malignancy.
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1.2. Delayed Sequelae

1.2.1. Fat Necrosis

Figure 26.17. A 58-year-old woman with
history of left mastectomy with reduction
mammoplasty of the right breast. Note the
reduction scar inferiorly is marked with a skin
marker. In the lower breast a rim enhancing
mass with central low signal is noted (thin
arrow) and a more mass-like area (thick
arrow) is noted posterior to this area. Biopsy
of both yielded fat necrosis, hemorrhage,
foreign body giant cell reaction, likely from the
reduction surgery.

Figure 26.16. A 68-year-old woman who was
treated for breast cancer 6 years ago presents
with new calcifications at the lumpectomy site.
Excision demonstrated a few foci of interme-
diate grade DCIS. Patient refused mastectomy
and MRI was performed to ensure the absence
of any suspicious findings. Two weeks follow-
ing surgical excision a large postoperative
seroma cavity is noted with thin enhancement
at the periphery of the cavity. No additional
findings were noted.
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Figure 26.19. A 50-year-old woman status
post lumpectomy inferiorly in the augmented
breast. At the surgical site, rim enhancement
of a low signal structure is noted compatible
with fat necrosis (arrow).

Figure 26.18. A 58-year-old woman status
post bilateral reduction mammoplasty 5 years
ago. Along the inferior surgical site, a rim-
enhancing lobulated mass with central low
signal is noted. Anterior to this region is a
mass-like area of enhancement that demon-
strated plateau kinetics. The low signal area
was thought to be benign fat necrosis but
biopsy of the mass was recommended.
Pathology yielded fat necrosis, foreign giant
cell reaction.
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Figure 26.20. A 52-year-old woman with bilateral reduction
mammoplasty. (A) Precontrast image shows low signal mass that 
(B) demonstrates rim enhancement on the postcontrast image. (C)
Central high signal fat is confirmed on the non-fat-suppressed
image compatible with fat necrosis.

A B

C
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Figure 26.21. A 35-year-old woman status
post bilateral reduction mammoplasty. Superi-
orly in the breast is a low signal mass with rim
enhancement typical for fat necrosis. This was
confirmed on the non-fat-suppressed image.

Figure 26.22. A 56-year-old woman status
post bilateral reduction surgery and lumpec-
tomy. Pathology was moderately differenti-
ated in situ and invasive ductal carcinoma with
close margins. Magnetic resonance imaging
performed for residual disease assessment.
Magnetic resonance imaging demonstrates a
low signal intensity mass inferiorly in the
breast with rim enhancement compatible with
fat necrosis from prior reduction. Lumpec-
tomy site (not shown) did not demonstrate
residual disease.
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1.2.2. Nipple Inversion

Figure 26.25. A 56-year-old woman with
history of right breast cancer status post
lumpectomy 2 years ago for invasive ductal
carcinoma and DCIS. Recent re-excision at the
lumpectomy site has been performed for sus-
picious palpable finding with benign results.
Centrally in the breast there is a postoperative
fluid collection with retraction of the nipple.

Figure 26.23. A 43-year-old woman with history of lumpectomy
and sentinel node biopsy. In the axillary tail of the breast a rim-
enhancing mass of low signal is seen marking the sentinel node
biopsy site. Clips in the retroareolar region are present marking
the lumpectomy site. Adjacent clumped enhancement (arrow)
represents residual DCIS.

Figure 26.24. A 57-year-old woman following remote reduction
breast surgery. Rim enhancing mass inferiorly corresponds to fat
necrosis.
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Figure 26.26. A 46-year-old woman post lumpectomy of the left
breast for DCIS with negative margins. (A) T2-weighted images
show high signal seroma cavity. (B) Precontrast T1-weighted
images show the cavity that demonstrates (C) thin peripheral
enhancement on the postcontrast images. A marker has been
placed on the nipple. Note nipple retraction from the surgery.

A B

C
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1.2.3. Scar

Figure 26.27. A 55-year-old woman with
bilateral silicone implants had breast MRI that
demonstrated enhancement (not shown) not
confirmed on mammography or ultrasound.
Magnetic resonance localization and exci-
sional biopsy demonstrated fat necrosis with
no carcinoma. (A) Three months after surgery
the scar resembles a spiculated mass. No
seroma cavity was identified 3 months follow-
ing surgery. (B) Follow-up MRI examination 
6 months later demonstrates improvement 
of the postoperative changes with residual
enhancement still noted.

A

B
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Figure 26.28. A 52-year-old woman with
abnormal ultrasound for which surgical exci-
sion was performed yielding LCIS. (A) MRI
performed 4 months following surgery demon-
strates irregular enhancement at the biopsy
site. (B) Follow-up MRI 6 months later
demonstrates near complete resolution of the
postbiopsy changes. Note poorer positioning
of the breast on this examination.

A

B
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Figure 26.29. A 31-year-old woman with right
mastectomy. Patient underwent benign biopsy
in the left retroareolar region yielding fibrosis
and fibrocystic changes. (A) MRI was obtained
two months following benign biopsy. (B) Eight
months following benign biopsy, enhancement
of the postoperative site has reduced mark-
edly compatible with resolving postoperative
changes.

A

B
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Figure 26.30. A 66-year-old woman with history of left breast
lumpectomy for invasive ductal carcinoma 10 years ago. Magnetic
resonance imaging demonstrates distortion, nipple retraction,
and scarring in the central breast at the site of lumpectomy.

Figure 26.31. A 59-year-old woman with a history of invasive
ductal carcinoma 3 years ago. Distortion extending to the skin 
is noted with associated focal skin retraction compatible with
scarring.

Figure 26.32. A 48-year-old woman had a
new spiculated mass on mammography that
was excised yielding invasive ductal carci-
noma, moderately differentiated. At the
lumpectomy site posteriorly, nonenhancing
distortion is noted with a few clips.
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Figure 26.34. A 65-year-old woman with a
history of right mastectomy now presents with
abnormal mass on MRI. Magnetic resonance
guided vacuum biopsy was performed. High
signal postbiopsy hematoma is noted at the
biopsy site.

2.2. Hemorrhage Following Stereotatic Biopsy

2. Needle Biopsy

2.1. Clips Following Needle Biopsy

Figure 26.33. A 45-year-old woman following
stereotactic biopsy for calcifications in the
central right breast yielding DCIS. Clumped
enhancement is noted anterior to the clip
(arrow) in the central breast suspicious for
residual DCIS, confirmed at surgery.
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Figure 26.35. A 60-year-old woman status post stereotactic biopsy
yielding invasive ductal carcinoma with lobular features. (A) T2-
weighted image demonstrates peripheral high signal mass at biopsy
site. (B) Precontrast T1-weighted image demonstrates high signal
hematoma. (C) Postcontrast image demonstrates signal void from
clip, hematoma, and residual spiculated mass superior to the
hematoma.
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3. Reconstructive Surgery

3.1. Mammoplasty

Figure 26.36. A 57-year-old woman with
history of bilateral reduction mammoplasty.
Note fat necrosis in the inferior breast.

Figure 26.37. A 59-year-old woman with right
mastectomy and left mastopexy 1 year ago.
Curvilinear scar is noted in the anterior 
breast extending into the upper inner quad-
rant where postoperative enhancement is
identified. This resolved on follow-up MRI
examination.
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Figure 26.38. A 63-year-old woman with
bilateral reduction surgery 6 years ago. Note
curvilinear scar anteriorly in the upper breast.

Figure 26.39. A 46-year-old woman status
post bilateral reduction 6 months ago yielding
LCIS of both breasts. Magnetic resonance
imaging performed for high-risk screening.
Skin marker was placed on reduction scar infe-
riorly. Note that it corresponds to a linear scar
in the lower breast.
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Figure 26.40. A 41-year-old woman with right
mastectomy had left breast reduction 5
months ago. Enhancement along the scar is
still identified.

3.2. Transverse Rectus Abdominis Muscle Flap

Figure 26.41. A 48-year-old woman who
underwent right mastectomy and transverse
rectus abdominis muscle (TRAM) reconstruc-
tion 7 years ago. Magnetic resonance imaging
demonstrates normal appearance of TRAM
flap with muscle and vascular pedicle in the
lower inferior breast.
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Figure 26.42. A 44-year-old woman with
TRAM flap reconstruction following mastec-
tomy. Note extensive fat necrosis (low signal
masses with peripheral enhancement) in the
upper outer TRAM, a site of possible devas-
cularization. This patient presented with a
hard palpable abnormality. Aspiration was
negative. Magnetic resonance imaging was
performed to assess for any suspicious under-
lying masses. None were identified.

Figure 26.43. A 49-year-old woman who
underwent TRAM reconstruction 5 months
ago following mastectomy for stage III breast
cancer. Erythema immediately occurred in the
skin over the TRAM flap and a questionable
axillary node was palpated. Punch biopsy of
the skin was negative as was the axillary node
aspirate. The patient then developed a palpa-
ble mass inferiorly over the lower TRAM site.
Magnetic resonance imaging was ordered to
exclude recurrence. Extensive fat necrosis is
noted over the area of palpable abnormality.
Patient went to surgery for skin changes. No
malignancy was identified.
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1. Atypical Appearance of Carcinomas

1.1. Diffuse Carcinoma

Figure 27.1. A 43-year-old woman with pal-
pable thickness in the upper outer quadrant.
Mammogram demonstrates extensive pleo-
morphic calcifications in the upper outer quad-
rant and a lobulated 3-cm mass on ultrasound.
Contrast enhanced magnetic resonance
imaging (MRI) demonstrated extensive
involvement of the breast with multiple con-
tiguous masses coalescing in the upper outer
quadrant. Core biopsy was performed yielding
moderately differentiated invasive ductal car-
cinoma and ductal carcinoma in situ (DCIS)
solid type with minimal necrosis and high
nuclear grade. Mastectomy was performed
yielding multiple foci of invasive carcinoma
ranging in size from 0.8 to 2.2 cm. Extensive
intraductal component was present. More than
two quadrants were involved with tumor. Note
that diffuse enhancement may be mistaken for
benign parenchymal enhancement. Kinetics
(not shown), clinical history and correlation
with other imaging modalities aid in arriving
at the correct diagnosis.
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Figure 27.2. A 39-year-old woman with pal-
pable mass corresponded to architectural dis-
tortion on mammography. Ultrasound
demonstrated two adjacent masses in the area
of abnormality measuring 1.1 amd 2.3 cm.
Magnetic resonance imaging performed to
assess extent of disease. Confluent intense
enhancement is identified in the superior
breast. Excisional biopsy demonstrated multi-
focal invasive mammary carcinoma with
mixed ductal and lobular features, histologic
grade III/III and nuclear grade II/III with
widely positive margins. Completion mastec-
tomy demonstrated tumor in three out of four
quadrants.

Figure 27.3. A 53-year-old woman with a pal-
pable breast mass. Mammography was nega-
tive and ultrasound suspected the presence of
multiple masses. Core biopsy of one of these
demonstrated invasive carcinoma with ductal
and lobular features. Palpable axillary
adenopathy was aspirated and shown to be
metastatic. Magnetic resonance imaging was
performed to evaluate disease extent.
Regional heterogeneous enhancement is
present in the upper breast compatible with
locally advanced breast carcinoma. Patient
then underwent preoperative chemotherapy
with clinical response. At mastectomy 4 cm of
residual carcinoma was identified with a back-
ground of fibroinflammatory changes. Nodes
were negative following chemotherapy.
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1.2. High Signal Carcinoma on T2

Figure 27.4. A 60-year-old woman underwent
chest computed tomography (CT) for short-
ness of breath where a mass was noted in the
breast. Mammogram demonstrated an irregu-
lar mass confirmed on ultrasound. Referred
for MRI for extent of disease assessment. Soli-
tary spiculated mass identified on MRI that is
high in signal on T2 (shown). Pathology
yielded invasive ductal carcinoma poorly dif-
ferentiated histologic grade II/III and nuclear
grade III/III and DCIS solid type with high
nuclear grade.

Figure 27.5. A 62-year-old woman with inter-
val development of a noncalcified lobulated
obscured mass. Ultrasound-guided biopsy
yielded invasive ductal carcinoma, moderately
differentiated with mucinous component.
MRI demonstrates irregular heterogeneously
enhancing mass (arrow) difficult to distinguish
from background enhancement.

1.3. Obscured
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Figure 27.6. A 28-year-old woman recently
postpartum and breastfeeding presented with
palpable mass. Mammography demonstrated a
spiculated mass with questionable extension
into the pectoralis muscle and possible skin on
outside evaluation. Magnetic resonance
imaging performed demonstrates diffuse
enhancement of the dense parenchyma (com-
patible with postpartum status) with obscura-
tion of the irregular mass in the superior breast
(arrow). No skin or chest wall involvement was
seen. The patient underwent mastectomy that
demonstrated 2-cm invasive ductal carcinoma
histologic grade III/III, nuclear grade III/III.

Figure 27.7. A 38-year-old woman presents
with palpable mass with negative mammogra-
phy. Ultrasound demonstrated an irregular
mass that was biopsied yielding moderately
differentiated invasive ductal carcinoma with
multiple foci of lymphovascular emboli. Mag-
netic resonance imaging demonstrates an
obscured mass in the superior breast (arrow)
that enhances similarly to what may be inter-
preted as background parenchyma. Spicula-
tion can be appreciated. Right breast excision
yielded multiple foci of invasive ductal carci-
noma ranging in size from 1.2 to 1.8 cm. The
surrounding enhancement was likely in retro-
spect adjacent tumor.
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Figure 27.8. A 33-year-old woman with pal-
pable breast mass. Mammogram demonstrates
an irregular obscured mass with adjacent cal-
cifications. Additional calcifications were
noted on mammography in the retroareolar
region. Magnetic resonance imaging per-
formed for extent of disease assessment. Mag-
netic resonance imaging demonstrates a
solitary mass in the superior breast that
demonstrates rim enhancement (arrow). The
majority of the mass is similar in signal inten-
sity as the background parenchyma and does
not demonstrate enhancement. Techniques 
to aid in the suppression of background
parenchyma may facilitate lesion detection in
these cases.

Figure 27.9. A 40-year-old woman with lump
in upper inner quadrant. Mammogram
demonstrates 2.5-cm mass that underwent
ultrasound core biopsy yielding carcinoma.
Mammogram also demonstrates additional
calcifications spanning 3 cm in the upper outer
quadrant. Magnetic resonance imaging per-
formed to assess disease extent. An obscured
rim-enhancing mass is noted with central
enhancement (arrow) corresponded to a 
1.7-cm invasive ductal carcinoma not other-
wise specified (NOS) type, histologic grade
III/III and nuclear grade III/III. Additional
surrounding enhancement was noted that cor-
responded to extensive ductal carcinoma in
situ solid/cribiform types with high nuclear
grade and extensive necrosis.This was noted in
the region of abnormal calcifications. Patient
underwent mastectomy after initial attempt at
conservation failed.
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Figure 27.10. A 43-year-old woman felt lump
in right breast. Mammogram demonstrated a
lobulated noncalcified mass that could not be
completely imaged. Ultrasound showed a 3-cm
mass in the lower outer quadrant that was
biopsied yielding poorly differentiated inva-
sive ductal carcinoma with necrosis. Magnetic
resonance imaging performed demonstrates
large lobulated mass with thin rim enhance-
ment (arrows). A contralateral carcinoma was
detected in the left breast on MRI. Staging
work up demonstrated multiple hepatic
lesions, aspirated and proven to represent
stage IV metastatic disease. The patient was
treated with systemic therapy.

1.4. Smooth Margin

Figure 27.11. A 41-year-old woman with
history of skin puckering of left breast. Mam-
mogram negative. Ultrasound demonstrated
solid suspicious mass that was aspirated yield-
ing carcinoma. Magnetic resonance imaging
demonstrates round mass with some smooth
as well as irregular margins. Pathology was
invasive ductal carcinoma, histologic grade
II/III and nuclear grade I-II/III with DCIS
cribiform/micropapillary with low nuclear
grade and minimal necrosis. Patient treated
with breast-conserving therapy. Note predom-
inantly round shape and smooth margins.
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Figure 27.12. A 46-year-old woman with
abnormal right mammogram that demon-
strates an irregular mass with pleomorphic cal-
cifications. On MRI this mass demonstrated
rim enhancement with some smooth margins
though internal enhancement was heteroge-
neous. Excisional biopsy demonstrated DCIS
solid type, high nuclear grade with moderate
necrosis presenting as a dominant mass. A few
foci of microinvasive DCIS in the form of
single cells and microscopic clusters were also
identified. Nodes were negative.

Figure 27.13. A 40-year-old woman presents
with palpable abnormality. Magnetic reso-
nance imaging demonstrates lobulated par-
tially smooth mass. Heterogeneous internal
enhancement is seen. Pathology invasive
ductal carcinoma.
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Figure 27.14. A 30-year-old woman presents
with a palpable abnormality in the left breast.
Mammogram negative. Ultrasound demon-
strated suspicious solid mass and core biopsy
proved carcinoma. Magnetic resonance
imaging demonstrated unifocal oval well-
circumscribed mass with heterogeneous
enhancement. Pathology was invasive ductal
carcinoma, histologic grade III/III, nuclear
grade II/III, and DCIS, cribiform, intermediate
nuclear grade and minimal necrosis. Note that
carcinomas can demonstrate smooth margins.
Most suspicious feature of the lesion used to
determine need for biopsy.

2. Suboptimal Positioning

Figure 27.15. A 59-year-old woman with left
breast invasive ductal carcinoma. Magnetic
resonance imaging performed to exclude the
presence of contralateral disease. Magnetic
resonance imaging demonstrates a central
mass (arrow) that was biopsied yielding radial
scar. Note coil artifact inferiorly and skin fold
in the inframammary region. The breast was
not pulled into the coil and the patient posi-
tioned herself.
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Figure 27.16. A 53-year-old woman with
unknown primary. Magnetic resonance
imaging performed to exclude breast primary.
No enhancing masses were identified. Note the
inferior artifact and skin fold from allowing
the patient to position herself.

Figure 27.17. A 55-year-old woman presents
with mass noted on mammogram. Pathology
yielded moderately to poorly differentiated
invasive ductal carcinoma and DCIS cribiform
type. Magnetic resonance imaging performed
for extent of disease. Note suboptimal posi-
tioning with artifact. Breast needs to be pulled
into the breast coil to eliminate redundant
tissue and to center breast within breast coil.
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3. Suboptimal Windowing

Figure 27.18. A 41-year-old woman with pal-
pable breast mass proven to represent invasive
ductal carcinoma. (A) Suboptimal windowing
demonstrates homogeneous enhancement and
the suggestion that the mass has well-defined
borders. (B) More optimal imaging demon-
strates the mass to be heterogeneous in
enhancement with spiculated margins.

A

B



498 27. Pitfalls in Analysis of Carcinomas

Figure 27.19. A 55-year-old woman presents
with a mass noted on mammogram and ultra-
sound. (A) Suboptimal windowing demon-
strates a well-defined homogeneously
enhancing mass. (B) More optimal imaging
shows the mass to be irregular with heteroge-
neous enhancement. Pathology yielded inva-
sive lobular carcinoma.

A

B
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4. Coil Artifact

Figure 27.20. A 38-year-old woman with
prior benign breast biopsy and no family
history has outside MRI demonstrating 
suspicious enhancement. Scan performed for
needle localization demonstrates a large
breast that contacts the coil producing 
artifact inferiorly and superiorly. The abnor-
mal linear clumped enhancement along the 6
o’clock axis (arrow) proved to represent atyp-
ical ductal hyperplasia.

Figure 27.21. A 52-year-old woman with a
prior history of biopsy yielding atypical ductal
hyperplasia presents with palpable axillary
adenopathy. Aspiration yielded malignant
cells suspicious for breast primary (not
shown). Mammogram was negative. Magnetic
resonance imaging demonstrates a small irreg-
ular mass inferiorly in the breast that proved
to represent the patient’s primary (arrow). On
directed ultrasound it was identified, biopsied,
and proved to represent invasive lobular car-
cinoma. Note inferior coil artifact.
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5. Metallic Artifact

Figure 27.23. A 35-year-old woman status post ventricular septal
defect at age 11. Mother had premenopausal breast cancer.
Screening MRI examination. Artifact from sternotomy wires is
noted.

Figure 27.22. A 51-year-old woman presents
with a palpable mass in the upper outer quad-
rant (not shown). Magnetic resonance imaging
performed prior to surgery. Clumped linear
enhancement is identified in the 6 o’clock axis
(arrow) proved to represent ductal hyperpla-
sia without evidence of carcinoma. Note adja-
cent artifact limiting interpretation.

Figure 27.24. A 55-year-old woman status post right lumpec-
tomy yielding invasive ductal carcinoma and DCIS. Follow-up
MRI demonstrates evidence of artifact from a mediport catheter
placed for chemotherapy.
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6. Misregistration

Figure 27.25. A 44-year-old woman with history of bilateral sili-
cone implants for 18 years presented with lump. (A) MRI demon-
strated no suspicious findings on the precontrast image. (B)
Postcontrast image demonstrates subareolar enhancement. (C)
Subtraction of the precontrast image from the postcontrast image
demonstrates significant misregistration due to patient movement
between the scans. Pathology yielded several foci of invasive
mammary carcinoma with ductal and lobular features. Extensive
intraductal component was present. Relying on the subtraction
image only for interpretation may result in under as well as over
diagnosis.
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DCIS in, 257–259, 260, 261, 262, 264
detecting recurrence with, 259–261
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intramammary lymph node in, 121, 125
invasive breast cancers in, 106–115
kinetic analysis source data for, 86–88
kinetic approaches with, 89–91
LABC with, 128
late postcontrast phase with, 89
LCIS in, 121, 129
lesion categorization with, 99–102
malignant lesions in, 106–119
medullary invasive cancer in, 110
morphologic/kinetic information

integrated for, 99–102
myxoid fibroadenoma in, 110
normal breast in, 102–106
normalized units with, 90
pathophysiological basis of, 79–80
persistent enhancement with, 88, 89
persistent with bowing with, 88, 89
pharmakokinetic modeling with, 89
plateau curve with, 88, 89
postinitial phase with, 89
PPV of, 135
preferable imaging plane for, 84
preinvasive cancer in, 115–119
present state of, 81
published literature with, 89–91
pulse sequence choices with, 81–85
ROI placement with, 86–88
SERM with, 103
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surgeon’s perspective on, 275

Inverted teardrop sign, MRI technique
with, 245

Ipsilateral breast
additional cancer sites with, 200–201
DCIS in, 204
local cancer recurrences in, 201
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angiosarcoma with, 392
axillary metastasis/unknown primary

with, 368–371
axillary metastasis with, 366–368
chemotherapy for, 351–354, 394–398
chest wall invasion with, 355
complete response to chemotherapy

with, 351–353
CT with, 354, 377
DCIS as, 334, 337, 338, 339, 340, 341,

344, 345, 355, 356, 359, 360, 363,
364, 365, 368, 369, 374, 375, 376,
377, 380, 384, 385–392, 396, 399,
400, 401–404, 406, 407

diffuse inflammatory carcinoma with,
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360–362
inflammatory carcinoma with, 360–363
invasive carcinoma with, 373–385
invasive ductal NOS carcinoma with,

373–381
invasive lobular carcinoma with,

381–385
LCIS, 397, 405
lobular cancer as, 340
locally advanced breast carcinoma as,

349–354
lymphoma with, 392
mammography with, 341, 344, 368, 372

mass in, 53–54
morphologic analysis with, 77–78
morphologic features with, 53
MRI technique with, 52–53
nonmass enhancement in, 64–76
shape in, 55, 56
standardization of terminology for,

51–52
stippled breast in, 53, 54
value of T2 in, 77

Lo, high-risk patient studied by, 185, 188
Lobular cancer, malignant tumors in, 340
Lobular carcinoma, residual disease

assessment with, 215, 217, 225
Lobular carcinoma in situ (LCIS)

benign lesions with, 446
duct ectasia with, 438
dynamic imaging protocol with, 121,

129
excisional biopsy with, 468, 471, 479
high-risk lesions of, 162, 410–413
high-risk screening for, 129
malignant tumors in, 397, 405
MRI guided needle localization with,

280, 281, 289
residual disease assessment with, 225

Locally advanced breast cancer (LABC),
dynamic imaging protocol with,
128

Locally advanced breast carcinoma,
malignant tumors with, 349–354

Lymphadenopathy
breast MRI lexicon with, 52
invasive carcinoma with, 174

Lymph nodes
axillary type of, 432–436
axilla with, 45–50
benign lesions with, 153, 154, 427–437
DCIS with, 431
diagnostic dilemma with, 31
imaging methods with, 46
internal mammary cancer with, 47–49
intramammary type of, 427–431
invasive ductal carcinoma with, 432
invasive lobular carcinoma with, 437
kinetic analysis with, 31
mammographic evaluation of, 31, 46,

435
metastatic disease with, 47
normal breast with, 31–34
pathophysiology of, 45–46
PET with, 46
reactive type of, 436–437
sonographic evaluation of, 46
surgical evaluation of, 46
ultrasound with, 435, 436

Lymphoma. See also Non-Hodgkin’s
lymphoma

invasive carcinoma with, 178, 179
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metastasis with, 372
multicentric carcinoma as, 344–346
multifocal carcinoma as, 340–343
nipple discharge with, 357–360
nipple invasion with, 356–357
non-Hodgkin’s lymphoma with, 392
no response to chemotherapy with, 354
Paget’s disease with, 363–365
parenchyma with, 372
pectoralis muscle invasion with, 354
phyllodes with, 392
radiation therapy for, 394–396
recurrence of, 394–398

lumpectomy site with, 394–396
other site with, 397–398

residual cancer of
biopsy site with, 399–402
same quadrant with, 403–405
separate quadrant with, 406–407

residual cancer with, 399–407
skin invasion with, 360–363
skin with, 372
staging of, 354–371
ultrasound with, 341, 375, 379, 380,

384
unifocal carcinoma as, 334–339

Mammary artery (internal), normal
breast with, 30

Mammary dysplasia. See Fibrocystic
disease

Mammography
axillary lymph nodes in, 46
breast cancer screening with, 273
breast density in, 35
breast implants rupture with, 240–241
clinical MRI use with, 257–259
DCIS in, 164
duct hyperplasia with, 449
examination time with, 8
false-negative results with, 166
fibroadenoma with, 417
high-risk patient screening with,

184–185
local tumor recurrence detection with,

232–233, 234
lymph nodes with, 31, 435
malignant tumors with, 341, 344, 368,

372
MRI calcifications of, 165–166
MRI imaging techniques v., 7–8
neoadjuvant therapy with, 228
papilloma with, 441
PASH with, 458
residual disease assessment with, 215,

216, 223
sebaceous cyst with, 459
signal basis for, 8

Mammoplasty, findings following
intervention with, 484–486

Margin
breast MRI lexicon with, 55, 56
residual disease assessment with, 218,

221
Mass, breast MRI lexicon with, 52, 53–54
Mass lesions

abscess with, 153, 155–157
benign lesions of, 140–157
contrast-enhanced images of, 140–141
cysts and, 147–152
fat necrosis and, 152–153
fibroadenoma as, 141, 142, 143, 144,

145
hamartoma with, 153
lymph node with, 153, 154
noncontrast-enhanced images of, 140
papilloma as, 141, 145–147

Mastectomy
ipsilateral breast studies with, 201
residual disease followed with, 214

Maximum intensity projection (MIP)
breast MRI lexicon with, 52, 53
MRI imaging techniques with, 12–15

Medullary carcinoma, invasive carcinoma
with, 176

Medullary invasive cancer, dynamic
imaging protocol with, 110

Memorial Sloan-Kettering Cancer Center
(MSKCC)

benign lesions in study by, 194–195
contralateral breast studies at, 207–209
high-risk patient studied by, 185,

189–190, 194–195
imaging program setup with, 21
invasive carcinoma with, 175, 177
Ipsilateral breast studies at, 201–204
MRI guided needle localization and

experience with, 289–290
interpretation of, 283–284
technique of, 283

residual disease assessment with, 225
Menopause

breast density with, 38
normal breast in, 36–39

Menstrual period
fourth week of, 36
imaging program setup with, 17, 18
premenopausal woman with, 36, 37
third week of, 37

Meta-analysis, high-risk patient in, 185
Metachronous contralateral cancer,

staging of, 207
Metastasis, malignant tumors with, 372
MIP. See Maximum intensity projection
Morris, high-risk patient studied by, 185,

189–190
MPR. See Multiplanar reconstruction
MRI guided needle localization, 280–295

accordion effect with, 294

accuracy with, 290
ADH with, 280, 281, 289
advice with, 294–295
ALH with, 281
augmented breasts with, 294
bilateral localization with, 291
breast density and, 289
breast immobilization with, 281–283
cancellations with, 290
caveats with, 294–295
challenging scenarios with, 290–294
closed v. open magnets with, 280
compatible needles with, 283
complications with, 290
compression with, 284, 285
conclusions on, 295
confirming lesion retrieval with, 294
controlled artifact with, 283
correlative sonography with, 284
DCIS with, 280, 281
decreasing lesion conspicuity during,

291
determining lesion location with, 284,

286, 287
equipment considerations in, 280–283
fiducial markers with, 283
follow up with, 290
free-hand v. grid compression with,

280–281, 282
histologic findings with, 289
imaging after needle insertion with,

286, 288, 289
imaging before needle placement with,

284
indications for, 289
LCIS with, 280, 281, 289
lesion appearance variations with,

290–291
lesion characteristics with, 289
medial lesions with, 291–294
MSKCC experience with, 289–290
MSKCC interpretation of, 283–284
MSKCC technique of, 283
needle guides with, 283
patient characteristics with, 289
patient subgroups with, 289–290
positioning with, 284, 285
posterior lesions with, 291
PPV with, 289–290
procedure time with, 290
prone v. supine positioning with, 281
published experience of, 281
radial scar with, 281
surgeon’s perspective on, 276–277
technique with, 283, 284–289

MRS. See Magnetic resonance
spectroscopy

MSKCC. See Memorial Sloan-Kettering
Cancer Center
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Mucinous carcinoma, invasive carcinoma
with, 175–176

Multicentric carcinoma, malignant
tumors with, 344–346

Multiplanar reconstruction (MPR),
breast MRI lexicon with, 52

Myxoid fibroadenoma, dynamic imaging
protocol with, 110

N
Needle biopsy. See also Fine needle

aspiration biopsy
clips with, 482
findings following intervention with,

482–483
hemorrhage following, 482–483

Needle localization. See MRI guided
needle localization

Negative predictive value (NPV),
residual disease assessment with,
224–225

Neoadjuvant therapy, 227–235
false-positive/false-negative MRI

results with, 229–230
future study areas with, 232
magnetic resonance with, 232
mammography with, 228
monitoring of, 227–232
MRI response monitoring in, 228–230
neoadjuvant therapy monitoring

procedures with, 230–232
PET with, 232
posttherapeutic MRI in, 227–232
residual disease determination in,

230–232
ultrasound with, 228

NEX. See Number of excitations
NHL. See Non-Hodgkin’s lymphoma
Nipple

clinical MRI use with, 262
normal breast with, 41–43

Nipple discharge
papilloma with, 441
staging with, 357–360

Nipple invasion
breast MRI lexicon with, 52
staging with, 356–357

Nipple inversion, excisional biopsy with,
476–477

Nipple retraction, breast MRI lexicon
with, 52

NMR. See Nuclear magnetic resonance
Non-Hodgkin’s lymphoma (NHL)

invasive carcinoma with, 178, 179
malignant tumors with, 392

Nonmass enhancement, breast MRI
lexicon with, 64–76

Nonmass lesions
benign lesions of, 157–162
fibrocystic disease as, 157–158

nipple discharge with, 441
ultrasound with, 441

Parenchyma
breast density with, 35
normal breast with, 23, 24

Parenchymal scar, benign lesions of,
160–162

PASH. See Pseudoangiomatous stromal
hyperplasia

Patient fact card, imaging program setup
with, 15, 16

Patient preparation
breast coils in, 18–19
breast immobilization in, 19
comfort in, 19
imaging program setup with, 17–19
questionnaire for, 17–18

PC. See Phosphocholine
PCR. See Phosphocreatine
PE. See Phosphoethanolamine
Pectoralis major muscle

normal breast with, 23, 24, 26, 27,
34–35

staging with, 34
tumor with, 34

Pectoralis minor muscle, normal breast
with, 23, 24, 26, 27

Pectoralis muscle invasion
breast MRI lexicon with, 52
staging with, 354

Persistent enhancement, dynamic
imaging protocol with, 88, 89

PET. See Positron emission tomography
Pharmakokinetic modeling, dynamic

imaging protocol with, 89
Phosphocholine (PC), MRS breast

disease studies with, 267, 268
Phosphocreatine (PCR), MRS with, 266
Phosphoethanolamine (PE), MRS breast

disease studies with, 267, 268
Phosphorus-31, MRS breast disease

studies with, 268
Phyllodes tumors

invasive carcinoma with, 178–179
malignant tumors of, 392

Physical examination
breast cancer screening with, 273
local tumor recurrence detection with,

233, 234
Picture archival communication systems

(PACS), imaging program setup
with, 19

Pitfalls of analysis, 488–501
atypical carcinoma appearance in,

488–495
coil artifact in, 499–500
diffuse carcinoma appearance in,

488–489
high signal T2 carcinoma in, 490
metallic artifact in, 500

parenchymal scar as, 160–162
radial scar as, 159
sclerosing adenosis as, 158–159

Noose sign, MRI technique with, 245
Normal breast, 23–43

anatomy of, 23–29
calcifications with, 43
chemopreventive agents with, 39–40
conclusions on, 43
Cooper’s ligaments with, 23, 25
density of, 35–36, 329–333
duct ectasia with, 25, 26
dynamic imaging protocol with,

102–106
fat with, 43, 329
fibrous tissue with, 43
heterogeneous density with, 330–333
internal mammary artery with, 30
lateral thoracic artery with, 29
lymphatics/lymph nodes of, 31–34
mild density with, 330
MIP with, 25, 29
nipple with, 41–43, 333
parenchyma with, 23, 24
pectoralis major muscle of, 23, 24, 26,

27
pectoralis minor muscle of, 23, 24, 26,

27, 34–35
postmenopausal breast and, 38–39
pregnancy with, 40–41
premenopausal breast and, 36–38
sagittal view of, 24
skin with, 41–43
TDLU with, 23, 24
three major structures of, 23, 24
vessels of, 29–31

Normalized units, dynamic imaging
protocol with, 90

NPV. See Negative predictive value
Nuclear magnetic resonance (NMR), 266
Number of excitations (NEX), MRI

technique with, 242, 243, 244

P
PACS. See Picture archival

communication systems
Paget’s disease

DCIS with, 363, 364, 365
malignant tumors with, 363–365
PASH with, 457
staging of, 363–365

Papillary carcinoma, invasive carcinoma
with, 177

Papilloma
benign lesions with, 141, 145–147,

440–441, 442
DCIS with, 441
florid duct hyperplasia with, 441
invasive ductal carcinoma with, 441
mammogram with, 441
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misregistration in, 500
obscured carcinoma appearance in,

490–492
smooth margin in, 493–495
suboptimal positioning in, 495–496
suboptimal windowing in, 497–498

Plateau curve, dynamic imaging protocol
with, 88, 89

Plateau enhancement, definition of, 5
Point resolved spectroscopy (PRESS),

MRS breast disease studies with,
270

Positive predictive value (PPV)
dynamic imaging protocol with, 135
high-risk patient study with, 185, 191
MRI guided needle localization with,

289–290
residual disease assessment with,

224–225
Positron emission tomography (PET)

axillary lymph nodes in, 46
neoadjuvant therapy with, 232

Posttherapeutic MRI, 227–235
breast conservation therapy with,

232–235
false-positive/false-negative results

with, 229–230
findings on, 233–234
future study areas with, 232
local tumor recurrence detection and,

232–233, 234–235
magnetic resonance and, 232
mammography with, 228
monitoring neoadjuvant therapy and,

227–232
monitoring response with, 228–230
neoadjuvant therapy monitoring

procedures with, 230–232
neoadjuvant therapy with, 227–232
PET and, 232
residual disease determination with,

230–232
ultrasound with, 228

PPV. See Positive predictive value
Precontrast high duct signal, breast MRI

lexicon with, 52
Pregnancy, normal breast with, 40–41
PRESS. See Point resolved spectroscopy
Program setup for breast MRI, 15–22

breast MRI protocols with, 16–17
coil issues with, 21
communicating results with, 20
data gathering with, 20
examination interpretation with, 19
interventional issues with, 20
kinetic analysis with, 19
memorial Sloan-Kettering cancer

Center sequence with, 21
menstrual period with, 17, 18
PACS with, 19

patient fact card for, 15, 16
patient issues in, 15–16
patient preparation with, 17–19
patient questionnaire with, 17, 18
personnel issues with, 16
practice growth issues with, 20–21
RADS with, 20
scheduling considerations with, 17
sequence selection with, 21

Progressive enhancement, definition of, 5
Pseudoangiomatous stromal hyperplasia

(PASH)
apocrine metaplasia with, 458
benign lesions with, 455–458
mammogram with, 458
Paget’s disease with, 457
stomal fibrosis with, 458

Pulse sequence, dynamic imaging
protocol, 81–85

Q
Questionnaire, imaging program setup

with, 17, 18

R
Radial folds, sonography showing, 241
Radial scar

benign lesions of, 159
benign lesions with, 442
high-risk lesions of, 413
MRI guided needle localization with,

281
Radiation therapy

malignant tumors treated with,
394–396

residual disease assessment with, 214,
225

skin thickening after, 462
Radiofrequency ablation, image-guided

tumor ablation with, 318–320, 324
Radiography, residual disease assessment

with, 214, 216
Reactive lymph nodes, benign lesions

with, 436–437
Reconstructive surgery

findings following intervention with,
484–487

mammoplasty with, 484–486
transverse rectus abdominis muscle

flap with, 486–467
Regions of interest (ROI)

dynamic imaging protocol with, 85,
86–88

MRI imaging techniques with, 13
Repetition time (TR)

dynamic imaging protocol with, 81–83
MRI technique with, 242, 243, 244, 245

Residual disease assessment, 214–225
chemotherapy in, 214, 225
conclusion on, 225

DCIS in, 214, 215, 216, 218, 219, 220,
222, 224, 225

EIC with, 214, 216
FSPGR for, 215
lobular carcinoma in, 215, 217, 225
malignant tumors in, 399–407
mastectomy following, 214
MRI experience with, 224–225
MRI PPV in, 224–225
MSKCC study with, 225
pathology issues with, 224
postoperative mammogram for, 215,

216, 223
postoperative work-up for, 224
preoperative work up for, 214, 216
radiation therapy in, 214, 225
radiography with, 214, 216
recurrent v. residual disease and, 214,

217–224
seroma in, 222
treatment goals with, 225
treatment issues with, 225

Retroglandular breast implants, 238
Retromammary breast implants, 238
Reverse compression paddle, MRI

guided biopsy with, 312
Rim enhancement, breast MRI lexicon

with, 52, 57, 58
ROI. See Regions of interest

S
Salad oil sign, MRI technique with, 249
Sardanelli, high-risk patient studied by,

185, 189
Scar, excisional biopsy with, 478–481
Scheduling considerations, imaging

program setup with, 17
Sclerosing adenosis, benign lesions with,

158–159, 451
Sebaceous cyst

benign lesions with, 459
DCIS with, 459
mammogram with, 459

Selective estrogen receptor modular
(SERM)

breast cancer risk reduced with, 39
dynamic imaging protocol with, 103

SER. See Signal enhancement ratio
SERM. See Selective estrogen receptor

modular
Seroma

excisional biopsy with, 466–472
residual disease assessment with, 222

SI. See Signal intensity
Signal enhancement ratio (SER), MRI

imaging techniques with, 10, 13, 15
Signal intensity (SI), dynamic imaging

protocol with, 86, 88, 89, 102
Signal-to-noise ratio (SNR), dynamic

imaging protocol with, 81, 83
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Silicone gel breast implants, 238–239, 250
Skin changes, invasive carcinoma with,

174
Skin invasion

breast MRI lexicon with, 52
staging with, 360–363

Skin thickening
benign lesions with, 460–462
after radiation with, 462
after surgery with, 460–461

Snowstorm, sonography with, 241
SNR. See Signal-to-noise ratio
Sonography

axillary lymph nodes evaluation with,
46

breast implants rupture with, 241–242
clinical MRI use with, 257–259
radial folds in, 241
snowstorm in, 241
stepladder sign in, 241, 242

Spatial resolution, dynamic imaging
protocol with, 83–84

Staging of breast cancer
axillary metastasis with, 366–368

unknown primary in, 368–371
chest wall invasion with, 205–206, 355
clinical MRI use with, 259–261
conclusion to, 211
contralateral breast in, 207–209
diffuse inflammatory carcinoma with,

363
dynamic imaging protocol with, 128,

130–131
focal inflammatory carcinoma with,

360–362
inflammatory carcinoma with, 360–363
ipsilateral breast in, 200–206

additional sites for, 200–201
DCIS with, 204
local recurrences of, 201
mastectomy studies for, 201
MSKCC studies with, 201–204
pathology with, 200–201
tumor size with, 200
ultrasound for, 204–205

malignant tumor, 354–371
metachronous contralateral cancer in,

207
MRI detection of contralateral cancer

in, 207
MRI for, 200–211
MSKCC studies of contralateral cancer

in, 207–209
nipple discharge with, 357–360
nipple invasion with, 356–357
Paget’s disease with, 363–365
pectoralis muscle invasion with,

205–206, 354
PPV in MRI screening of, 205
skin invasion with, 205–206, 360–363

Tilanus-Linthorst, high-risk patient
studied by, 185, 188

Tissue skin electron beam (TSE),
dynamic imaging protocol with,
85, 101

TR. See Repetition time
TRAM. See Transverse rectus abdominis

muscle flap
Transverse rectus abdominis muscle flap

(TRAM), findings following
intervention with, 486–467

TSE. See Tissue skin electron beam
Tubular cancer, dynamic imaging

protocol with, 95
Tubular carcinoma, invasive carcinoma

with, 176
T1-weighted spin echo sequence, early

MRI studies with, 3

U
UBO. See Unidentified breast objects
Ultrasmall superparamagnetic iron oxide

(USPIO), axillary lymph nodes in,
50

Ultrasound
breast cancer screening with, 273
fibroadenoma in, 416
high-risk patient study with, 195, 196
image-guided tumor ablation with,

320–321, 324
ipsilateral breast screening with,

204–205
local tumor recurrence detection with,

233
lymph nodes with, 435, 436
malignant tumors with, 341, 375, 379,

380, 384
MRI v., 195, 196, 204–205
neoadjuvant therapy with, 228
papilloma with, 441

Uncollapsed rupture, breast implants
with, 239

Unidentified breast objects (UBO)
dynamic imaging protocol with, 103,

105
SERM with, 103

Unifocal carcinoma
malignant tumors with, 334–339
staging of, 334–339

University of Bonn score, dynamic
imaging protocol with, 102

USPIO. See Ultrasmall
superparamagnetic iron oxide

V
Vacuum-assisted biopsy

augmented breasts with, 313
clip placement/visualization with, 313
clip placing with, 309–310
collecting specimens with, 309

synchronous bilateral breast cancer in,
207

unifocal carcinoma with, 334–339
STEAM. See Stimulated echo acquisition
Stepladder sign, sonography with, 241,

242
Stimulated echo acquisition (STEAM),

MRS breast disease studies with,
270

Stippled breast, breast MRI lexicon with,
53, 54

Stomal fibrosis, PASH with, 458
Stoutjesdijk, high-risk patient studied by,

185, 188–189
Subglandular breast implants, 238
Surgeon’s perspective

breast cancer screening/diagnosis from,
273–274

breast cancer therapy from, 274–276
breast MRI with, 273–278
conclusions of, 277
continuing cancer patient surveillance

with, 276
MRI guided needle localization with,

276–277
technical consideration with, 276–277

Surgery, skin thickening after, 460–461
Surgical evaluation, axillary lymph nodes

in, 46
Suros biopsy

clip placing with, 309–310
collecting specimens with, 309
confirming device location with, 309
desired probe depth with, 309
lesion location determination with, 309
MSKCC technique with, 302–308
postbiopsy care with, 310
prebiopsy preparation with, 302
probe depth with, 309
probe preparation with, 309
targeting images with, 302, 309
vacuum-assisted biopsy of, 302–310

Synchronous bilateral breast cancer,
staging of, 207

T
TDLU. See Terminal duct lobular unit
TE. See Echo time
Technical effectiveness, image-guided

tumor ablation term of, 316
Temporal resolution, dynamic imaging

protocol with, 83
Terminal duct lobular unit (TDLU)

normal breast with, 23, 24
papilloma with, 141

Thoracic artery (lateral), normal breast
with, 29

3 time point method (3TP), dynamic
imaging protocol with, 90

3TP method. See 3 time point method
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confirming device location with, 309
desired probe depth with, 309
European results with, 301–302
European technique with, 300–301
lesion location determination with, 309
Mammotome biopsy as, 300–302
medial lesions with, 313
MRI guided biopsy with, 299–311
MSKCC technique with, 302–308
postbiopsy care with, 310

posterior lesions with, 312
prebiopsy preparation with, 302
probe depth with, 309
probe preparation with, 309
results with, 310–311
reverse compression paddle with, 312
Suros biopsy as, 302–310
targeting images with, 302, 309
thin breasts with, 312
unsampled lesions with, 313

W
Warner, high-risk patient studied by, 185,

188
Washin rates, dynamic imaging protocol

with, 88
Washout, definition of, 5

Z
Zone of coagulation, image-guided

tumor ablation term of, 316
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