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1.1 Introduction

1 Breast MRI: Overview

Gillian M. Newstead

Abstract

The first chapter provides a general overview of the clinical
applications and diagnostic utility of breast MRI and the need
for specific individual technical protocols for both screening
and diagnostic indications. The shortcomings of mammo-
graphic screening, particularly for those women at high risk or
with dense breasts at mammography, have led to increased use
of an abbreviated MRI sequence for breast screening. MRI
standards, protocols and practice guidelines for screening are
reviewed and discussed. MRI is a functional imaging technique
and there is growing interest in establishing functional breast
imaging methods using dynamic contrast-enhanced MRI (DCE-
MRI) with kinetic analyses for classification of tumor biology
and correlation with genomic markers. MRI is well suited for
this type of analysis, identifying features that may reflect
underlying malignant potential, providing an imaging biomar-
ker that could play a key role in the development of precision
medical therapy and personalized cancer care.

The diagnostic applications of breast MRI require a standard
full protocol and may need additional advanced sequences
according to the clinical indication for each individual patient.
Indications for diagnostic MRI include assessment of disease
extent at the time of initial cancer diagnosis, postoperative
evaluation of residual disease following cancer excision, identi-
fication of recurrent tumor and monitoring of women under-
going cancer treatment with neoadjuvant chemotherapy. Other
applications discussed in this chapter include problem-solving
for difficult clinical or imaging findings, nipple discharge,
implant assessment and use of MR-Guided biopsy.

Keywords: clinical applications breast MRI, MRI screening tech-
niques, clinical utilization of breast MRI screening, practice
guidelines for breast MRI, diagnostic MRI applications, known
cancer MRI applications, MRI as a problem-solving tool, MR-
Guided therapy, MR imaging biomarker

1.1 Introduction

Breast imaging has played an important role in the rapid devel-
opment and change in breast cancer management over the past
decades, not only by the introduction of new technical tools to
aid in cancer detection and improve diagnosis, but also by the
use of these tools to provide diagnostic information necessary
to guide therapy. Over past years, the role of the radiologist has
greatly changed; supervision of breast cancer screening pro-
grams using multimodal techniques and increased participation
in multidisciplinary conferences have resulted in improved care
for women diagnosed with breast cancer. When an abnormality
is detected at screening, or when a patient is referred with clin-
ical symptoms, the radiologist performs a diagnostic evaluation,
discusses the pertinent findings with the patient and her fam-
ily, and is usually the first physician to decide if a biopsy is nec-
essary based on imaging findings. The whole gamut of
interventional procedures, using stereotactic, ultrasound, or
magnetic resonance imaging (MRI) guidance, provide accurate

and timely diagnoses of nonpalpable image-detected lesions,
with the additional advantage of limited patient morbidity
when compared to surgical excision. When a malignant or
uncertain finding is diagnosed, the radiologist will communi-
cate the biopsy results with the patient and, in many instances,
guide her to treating physicians for further management. New
imaging techniques have benefitted patients, not only by allow-
ing detection of an increased number of small cancers, but also
by providing important diagnostic information essential for
treatment, the goal being to provide optimal treatment for each
individual cancer patient.

Mammography has been the tried-and-true breast imaging
method for many decades, providing over 80% sensitivity for
breast cancer detection in postmenopausal women and even
greater sensitivity in the symptomatic population, when com-
bined with breast ultrasound.! It would be logical therefore to
ask why another imaging modality such as breast MRI is
needed. It is well recognized that the sensitivity of mammogra-
phy is substantially lower in the dense breast, less than 50%
even when full-field digital mammography (FFDM) is used, as
shown in the Digital Mammographic Imaging Screening Trial
(DMIST).2 Mammography suffers from inherent limitation of
image contrast; many suspect lesions are therefore indetermi-
nate and require further imaging evaluation and biopsy. Other
important shortcomings of mammographic screening include
recognized observer limitations as well as a propensity for
detection of lesions with less aggressive histology, which may
result in underdiagnosis of biologically aggressive disease. The
failure to detect some high-grade breast cancers with mam-
mography is driven largely by the degree of breast tissue den-
sity, but also by the very nature of rapidly growing, biologically
relevant cancers that exhibit imaging features that are indistin-
guishable from normal breast tissue. Failure to diagnose these
cancers at mammographic screening will result in progression
of disease and diagnosis of advanced-stage interval cancers.
Breast ultrasound is now commonly used for screening, and
although this technique will identify some additional mammo-
graphically occult cancers, identification of ductal carcinoma in
situ (DCIS) is challenging, and ultrasound suffers from low
specificity in the screening setting.>4 Breast cancer continues to
represent a major cause of cancer death in women; therefore,
continued search for improved breast cancer screening
methods is needed.

Against this background of mammography and ultrasound
imaging, breast MR technology has improved steadily over the
last three decades in large part due to research collaboration
between radiologists, technologists, physicists, and industry
scientists. Continued focus on research and educational efforts
aimed toward improving diagnosis and patient care have
resulted in increased use of breast MRI as a valued clinical
resource for women's health care. The main driver for the
increasing adoption of breast MRI in clinical practice is its
extremely high sensitivity, approaching 100% for cancer detec-
tion. Multiple studies have shown that standard dynamic con-
trast-enhanced MRI (DCE-MRI) for breast imaging achieves the
highest sensitivity of any imaging modality, identifying cancer
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regardless of radiographic breast density, stage (DCIS or inva-
sive), tumor type, or postsurgical changes.>®7# Criticisms of
low specificity in the early years of breast MRI might be
expected with such a sensitive modality, but with current tech-
niques and protocols, the specificity and positive predictive
value (PPV) for malignancy can exceed that of breast ultrasound
and mammography. Recognition of the salient MRI features of
benign and malignant disease, and the specific morphologic
and kinetic characteristics associated with various malignant
subtypes, allows radiologists to provide important diagnostic
information that can guide therapy. DCE-MRI protocols at both
1.5 and 3.0 Tesla provide excellent spatial resolution and accu-
rate analysis of lesion morphology. Dedicated software provid-
ing semiquantitative analysis of lesion kinetics and display of
its internal enhancement characteristics can improve diagnostic
specificity. Measures of the initial rise and delayed phase of
contrast enhancement within lesions are displayed as standard
signal-intensity-versus-time-intensity curves (TICs). These
computer-aided, semiquantitative, kinetic analysis tools have
the advantage of being relatively simple to implement into
routine practice and are widely used in the United States.

1.2 Breast MRI as a Biomarker

Traditionally, breast cancer treatment was determined by two
major factors: (1) tumor histology, assessed by classifications
based on grade and morphology such as ductal, lobular, muci-
nous tubular etc., and (2) the TNM staging method, based on
cancer size, nodal status, and presence or absence of distant
metastases. During the last 10 years or so, molecular subtyping
of breast cancer has assumed a more important role in treat-
ment planning and cancer classification has moved beyond the
basic histologic assessment of prior years, to encompass treat-
ment stratification based on tumor biology and gene expression
profiles. There is a growing interest in establishing functional
breast imaging methods, using DCE-MRI and its kinetic and
morphologic analyses, for classification of tumor biology and
correlation with genomic markers. MRI is a functional imaging
technique and is well suited for this type of analysis. If MRI is to
fulfill this role, the semiquantitative MRI methods used in cur-
rent practice that document change in signal intensity over
time will not be sufficient, and protocols that provide quantita-
tive measurements of concentration of contrast media in tissues
will be needed. Quantitative kinetic analysis depends on intrin-
sic lesion characteristics, acquisition parameters, and concen-
tration, all of which play a role in signal enhancement. This
type of analysis is necessary if we want to move beyond the
binary choice, “is the lesion in question benign or malignant?”
to ask whether a detected tumor has features that may reflect
underlying biology and play a key role in precision medicine
and personalized cancer care.

There is thus a need for further development of quantitative
MRI biomarkers for prediction and prognosis. The goal of an
imaging biomarker is to improve risk stratification, provide the
right treatment for the right patient at the right time, reduce
the variability in interpretation, and avoid trial and error in
treatment. Quantitative imaging methods, however, face a key
challenge because of the current lack of image standardization.
Further development of acquisition standards that are reprodu-
cible and measures of signal analysis that are quantitative and

widely available are required. Why are imaging biomarkers
important? MRI is able to sample the entire cancer, and quanti-
tative measures display tumor heterogeneity, providing serial
noninvasive image data that are complementary to in vitro
assay. Clinical trials that monitor drug action during treatment
rely on quantitative standardized MRI results. The topic of
image standardization and quantitative measures of enhance-
ment will be discussed in detail in Chapter 12.

1.3 Clinical Utilization of Breast
MRI in the United States

Overall use of breast MRI has increased over the past decade
with 445,434 contrast-enhanced breast MR procedures per-
formed in the United States in 2014. Although the number of
breast imaging facilities declined by nearly 7% from 2002 to
2011, facility accreditation has increased. A modest expansion
of breast MRI studies is expected in the next few years, driven
partly by an increasing number of new breast density notifica-
tion laws that have resulted in additional supplemental scree-
ning procedures for women with dense breasts. These laws
have created a growing demand for new technologies that
improve diagnostic accuracy.®

An observational study reported in 2014 collected MRI and
mammography data from 8,931 breast MRI examinations in
women aged 18 to 79 years, during a time period of 2005 to
2009."° Data were acquired from five national Breast Cancer
Surveillance Consortium registries. The overall rate of breast
MRI nearly tripled from 2005 to 2009 from 4.2 to 11.5 examina-
tions per 1,000 women, with the most rapid increase from
2005 to 2007 (p=0.02). The list of MR studies by indication for
the examination showed that the most common clinical indica-
tion was diagnostic evaluation (40.3%), followed by screening
(31.7%). Women who underwent screening breast MRI, when
compared with women who received mammography alone,
were more likely to be younger than 50 years, white non-His-
panic, and nulliparous. Women in the MRI screening group
were more likely to have a personal history of breast cancer, a
family history of breast cancer, and extremely dense breast tis-
sue (all p<0.001). The proportion of women screened using
breast MRI at high lifetime risk for breast cancer (>20%)
increased during the study period from 9% in 2005 to 29% in
2009. The authors concluded that the use of breast MRI for
screening in high-risk women is increasing and that there is a
need to improve appropriate use, by including more women at
high risk who may benefit from screening breast MRI.

Another paper looked at overall rates of breast MRI use, by
clinical indication and average annual percent changes, in a ret-
rospective cohort study at a not-for-profit health plan and mul-
tispecialty group medical practice in New England.!! The study
enrolled 10,518 women aged 20 years and older in the health
plan for at least 1 year. Each woman had at least one breast MRI
between January 1, 2000, and December 31, 2011, and breast
MRI counts were obtained from claims data. The results showed
that breast MRI use increased more than 20-fold from 6.5/1,
000 women in 2000 to 130.7/10,000 in 2009, and use then
declined and stabilized to 104.8/10,000 by 2011. A published
commentary on these two studies by Hwang and Bedrosian
noted that in the Wernli study,!? fewer than 5% of the women
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at greater than 20% risk were actually screened, indicating that
screening with MRI was overused in women who did not meet
screening guidelines, while underused in those who could ben-
efit the most.'2

A study of diagnostic MRI, recently reported among 10,766
older women, compared the frequency and sequencing of
breast imaging and biopsy use for the diagnostic and preopera-
tive work-up of women with newly diagnosed breast cancer.
SEER-Medicare data from 2004 to 2010 were used and results
indicated that 20% of women underwent MRI in the diagnostic/
preoperative period, 60% received a mammogram and ultra-
sound, and 20% a mammogram alone. MRI use increased across
study years, tripling from 2005 to 2009 (9-29%). Interestingly,
among women receiving preoperative MRI, 26% underwent a
subsequent biopsy compared with 51% receiving a subsequent
biopsy in the subgroup without MRL'3

1.4 Practice Guidelines

The American College of Radiology (ACR) Practice guidelines
recommend benefits of breast MRI targeted to select patient
populations. These recommendations include screening studies
for early cancer detection to improve survival, and diagnostic
studies for evaluation of extent of disease, better diagnosis for
improved treatment planning, and improved prediction for
early assessment of response to therapy. It is apparent from
published data that both for screening and diagnostic indica-
tions, a large variability in recommendations and utilization for
breast MRI studies exists, despite existing clear guidelines
regarding the use of MRI for screening and for clinical manage-
ment of patients with breast cancer. This problem is clearly evi-
dent in the variability in use of diagnostic MRI for preoperative
work-up of women with a new cancer. These discrepancies in
recommendations for MRI exist not only in older women but in
young women as well. There is a need to increase standardiza-
tion of referrals to optimize clinical management and care for
all women.'

The need for improved screening methods for women at
average to intermediate risk has come into focus in recent years,
due to the passage of breast density legislation in over half of
the U.S. states, requiring that women be informed about the
possible benefit of additional screening methods. Historically,
the main barriers to MRI use have included limited availability,
high costs, long examination times, and limited exposure of the
benefits of MRI to the medical community and to patients. In an
ideal world, cancer screening should be accurate, inexpensive,
and widely available; however, many radiologists use lengthy
breast MRI protocols lasting 30 minutes or more and costs are
high in the United States. Counseling of high-risk women at the
time of a recommendation for MR screening is beneficial, and
many cities today have genetic counseling clinics for this pur-
pose. Referring physicians and radiologists may also use a risk
assessment model for patient guidance.

ACR guidelines recommend MRI screening for high-risk
women at a greater than 20% lifetime risk of breast cancer start-
ing at age 30. MRI is the best method for detection of early
node-negative breast cancer, and many clinical trials conducted
in the United States and Europe showed significantly improved
cancer detection in high-risk women, finding small cancers that

were occult on clinical, mammographic, and ultrasound exami-
nations (> Fig. 1.1).371516.17.18.19202122 | the United States, 28
(56%) states have already passed breast density legislation and
the number is growing. State laws now require that women be
informed if their breasts prove to be heterogeneously or
extremely dense at mammography suggesting that supplemen-
tal breast cancer screening could be considered. Given that
approximately 50% of women younger than 50 years and 33% of
women older than 50 have dense breasts at imaging, the need
for improved screening methods is clearly needed.

1.5 Screening MRI

As use of breast MRI has matured, there is now evidence to sug-
gest that the indication for breast MRI will dictate the type of
MR protocol to be used. Just as many years ago mammography
services were divided into a screening or a diagnostic indica-
tion, this same distinction could now be applied to MRI exami-
nations. An abbreviated screening examination could be used
for cancer detection in asymptomatic women, and a full stand-
ard diagnostic study could be used for other indications such as
the evaluation of a clinical problem when conventional imaging
is uncertain and assessment of disease extent in patients with
newly diagnosed breast cancer. Radiologists could therefore
develop and implement dedicated acquisition protocols for scree-
ning and diagnosis, and create new patient and imaging workflow.

1 think it is fair to say that the basic MRI acquisition protocols
for breast imaging have not changed greatly over the last two
decades, although hardware and software improvements have
led to greatly improved image quality over time. Most clinical
breast MR practices today do not distinguish between screening
and diagnostic indications. In general, a screening study could
consist of an abbreviated acquisition protocol performed within
a time limit of 3 to 10 minutes, and a basic diagnostic acquisi-
tion within 15 to 20 minutes. Screening MRI studies must be
efficient and affordable with short imaging time. Designated
magnet availability and well-organized patient workflow can
deliver short screening studies at a lower financial cost. It is
possible that, in the future, dedicated breast MR systems opti-
mized on a scale for population-based screening will be devel-
oped and used extensively in breast practices for screening. Dr
Kuhl and colleagues have successfully pioneered an early proof-
of-concept study involving interpretations of an abbreviated
breast MRI protocol (AB-MR) and have shown equivalent sensi-
tivity for cancer detection in women at mild and moderate risk
when compared to a full standard breast MRI.>* Other early
studies involving interpretations of an AB-MR protocol have
demonstrated equivalent sensitivity for cancer detection when
compared to a full standard MRI, with only minimal decrease in
specificity.?4232627.28 Further research on the outcome of scree-
ning results using an abbreviated protocol is needed.

1.5.1 Technical Considerations
Standard Protocols

As we look at the key technical components of any breast MRI
protocol, abbreviated or standard, it is clear that an excellent
T1-weighted (T1w) dynamic series with injection of a gadoli-
nium-based contrast agent is essential for cancer detection.
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i
Fig. 1.1 Screening MRI: Asymptomatic woman age 57 years with a personal history of left breast DCIS, treated with BCS in 2004. RT breast screening
mammogram MLO and CC views show extremely dense breast tissue, but no suspicious finding. (a, b) The MIP image demonstrates a small enhancing
focus with irreqular morphology (c). Although axial T2-weighted image (d) shows no abnormal finding, the corresponding T1-weighted contrast-
enhanced images show a focal area of NME, 9 x 8 x 6 mm, visible on the source 140's postcontrast series (e), subtracted series angiomap (f), persistent
enhancement (g), and on the sagittal and reformatted coronal images in subtraction mode (h, i, arrows). MR-guided biopsy yielded DCIS solid type,
high-grade, ER (+) PR (-).

These contrast agents act by reducing the T1 in the microenvir-
onment, increasing the signal in a Tlw acquisition, so that
regions or lesions with increased blood flow and permeability
accumulate contrast media to a greater extent than the sur-
rounding tissue, resulting in higher signal increase. The techni-
cal details outlined in the Breast Magnetic Resonance Imaging
Accreditation Program sponsored by the ACR require both a
T2w sequence and a multiphase T1w series. The dynamic series
must include a precontrast T1w series, an early phase (first)
postcontrast T1w series to be completed within 4 minutes of
contrast injection, and a late phase T1w series with features
matching the precontrast T1w series.2® Measures of the rate of
uptake and washout of contrast media within breast lesions
have been shown to contain diagnostically useful information
and the shape of the TIC is widely used in the classification of
enhancing lesions.>

Screening Protocols

The ACR Accreditation Program does not provide a specific pro-
tocol for screening indications. With this in mind, an AB-MR

screening protocol could be constructed by shortening the
dynamic component of a diagnostic examination to 2 to
3 minutes, acquiring data in the initial phase of enhancement
only. An AB-MR study should fulfill the following requirements:
standardized contrast administration based on kilogram weight
using a power injector, total scan time of shorter than
10 minutes (including localizer), one pre- and one or two post-
contrast gradient echo (GRE) fat-suppressed T1w axial acquisi-
tions, with in-plane resolution of 1 mm or less, slice thickness
of 3mm of less. Addition of an axial T2w sequence with in-
plane resolution matching the GRE sequences and 3 mm or less
slice thickness is useful for improved specificity. The T1w
dynamic sequence in diagnostic protocols would remain the
same, and the traditional acquisition of dynamic data for 5 to
7 minutes following contrast injection and acquisition of DCE
data in both the initial and delayed phase, as specified in the
ACR Accreditation Program, would remain.

In the near term, however, a new focus on adaptation and
modification of the basic DCE T1w sequence has yielded prom-
ising results. Implementation of a short sequence for screening,
using an abbreviated dynamic sequence (AB-MR), and use of
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ultrafast perfusion imaging in the initial dynamic phase are
both relatively new methods, adapted for screening, and have
already begun to be implemented in some radiology practices.
A new ECOG/ACRIN trial “Comparison of Abbreviated Breast
MRI and Digital Breast Tomosynthesis in Breast Cancer Scree-
ning in Women with Dense Breasts (EA1141)” opened in Octo-
ber 2016, and patient recruitment is now completed for the
initial round. Details of the protocols used for screening and
diagnostic indications will be provided in ensuing chapters.

1.6 Diagnostic MRI: Clinical
Applications

Diagnostic applications of breast MRI will be discussed below
and include assessment of disease extent at time of initial can-
cer diagnosis, postoperative evaluation of residual disease fol-
lowing cancer resection, identification of recurrent tumor, and
monitoring of women undergoing cancer treatment with neo-
adjuvant chemotherapy. Other applications include problem
solving for difficult clinical or imaging findings, nipple dis-
charge, implant assessment, and use of MR-guided biopsy.'*
High-quality images are essential for accurate diagnoses of
breast disease. This goal is challenging in MRI because all cur-
rent breast protocols require DCE-MRI sequences, accurate con-
trast administration, and optimal standard acquisitions.
Sensitivity for cancer detection is already very high, and various
new innovative acquisition protocols, such as diffusion-
weighted imaging (DWI) and fat suppression methods using
short TI inversion recovery (STIR) and high spectral and spatial
resolution (HiSS) imaging, raise the future possibility of
improved diagnostic specificity and cancer detection, without
the use of contrast agents. These advanced imaging techniques
will be discussed further in Chapter 11.

1.6.1 Preoperative Breast MRI

Can preoperative breast MRI help reduce reoperation rates by
providing careful mapping of disease extent? It has been shown
in many studies that the use of multimodality imaging, includ-
ing mammography, ultrasound, and especially MRI along with
the additional use of percutaneous biopsy techniques, can pro-
duce a precise map of the extent and localization of breast dis-
ease for surgical guidance. Although no large studies have
proved a survival advantage with use of preoperative MRI and
questions remain as to reduction of re-excision and recurrence
rates, the potential benefit of preoperative MRI is valuable. MRI
can identify foci of invasive disease with greater sensitivity
than other imaging methods allowing precise identification of
multicentric and multifocal, invasive and noninvasive disease
that would otherwise go undetected. (> Fig. 1.2). Identification of
additional foci of cancer may lead to a more extensive lumpec-
tomy than originally planned, or even to mastectomy. Surgeons
need to know if there is any malignant nipple involvement
because if tumor is present, resection of the nipple-areola com-
plex is usually needed. MR can identify DCIS lesions exhibiting
linear enhancement extending into the subareolar region close to
the nipple, which are occult at mammography (> Fig. 1.3).

MRI may also demonstrate axillary and internal mammary
lymphadenopathy and chest wall invasion, which can affect

surgical and radiotherapy management. Historically, some
treating physicians have acted on MRI findings and altered sur-
gical plans without prior histologic confirmation. Optimal pa-
tient care in most of these cases requires tissue sampling before
definitive treatment, when additional disease identified on MRI
is located beyond the location of the known malignancy.

Complete assessment of the tumor burden requires measure-
ment of not only the size of the tumor component(s), but also
the full volume of the extent of disease, both invasive and in
situ. Multifocal disease may consist of in situ cancer only, multi-
ple invasive cancers with intervening normal tissue, or multiple
invasive cancers associated with an in situ component
(» Fig. 1.4). Accurate tumor measurements are important for
surgical and oncologic therapy planning; they are necessary not
only at time of initial presentation, but also for monitoring dur-
ing subsequent chemotherapeutic treatments. Two large stud-
ies that carefully examined newly diagnosed breast cancers
with serial tumor sectioning at pathology found the majority of
tumors to be multifocal (66 and 63%) with tumor foci extending
beyond the known index cancer.'*? It is evident that tumor
multifocality identified at MRI cannot be accurately assessed by
a single maximum diameter measurement of the cancer in
most cases. Newer computer-generated volume and surface
area calculations reflect a more accurate estimate of tumor bur-
den. Radiologists can facilitate removal of all malignant tissue
and provide surgical guidance, by using image-guided biopsy
methods with clip placement to identify additional disease
prior to surgical excision. Translation of imaging data to the sur-
gical environment, however, may be challenging, and although
knowledge of the true extent of cancer is an important requisite
for successful surgery, the literature is varied as to whether
identification of additional ipsilateral or contralateral occult
malignancy is beneficial.

1.6.2 Postlumpectomy with Positive
Margins

Breast-conserving therapy with partial mastectomy is one of
the most commonly performed cancer operations in the United
States and estimates indicate that 60 to 75% of breast cancer
cases undergo partial mastectomy as the initial treatment.**
The challenge for breast imagers, surgeons, oncologists, and
pathologists is to adopt evidence-based strategies that aim to
conserve the breast if possible, minimize reoperations, and
maintain good cosmesis. In any given case, the extent of surgery
for tumor removal may range from a simple gross excision to a
wide lumpectomy or quadrantectomy.

Ideally, all cancer should be removed at the time of initial
surgical excision and failure to achieve appropriate pathological
margins at initial operation usually necessitates additional sur-
gery.34353637 The appropriate treatment for patients with close
histologic margins at tumor excision is not yet completely
established, and an extensive literature, mostly retrospective,
shows wide variation in definitions of surgical technique, speci-
men processing, and outcome reporting of acceptable margin
status. Definitions such as “no tumor within 1, 2, 5, or 10mm of
the margin” are still used in clinical practice; however, in a
recent paper, the Society of Surgical Oncology—American Soci-
ety for Radiation Oncology guideline defines “no tumor on ink”
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Fig. 1.2 Diagnostic MRI: Age 64 years, referred for “thickening” in the lateral left breast. History of left BCS in 2004 for low-grade DCIS. Left MLO and
€C mammographic views (a, b) show distortion and calcification at site of prior lumpectomy (long arrows), and developing asymmetry in the superior

left breast (short arrows). MIP image shows diffuse nonmass enhancement in the left breast. (c) T2-weig|

distortion and

axial image

a small postsurgical seroma in the medial left breast (short arrows) and linear fluid extending posteriorly from the mid to the posterior breast,
(distended lymphatic vessels), also seen to advantage in the sagittal reconstructed image (d, e, long arrow). T1-weighted correlative postcontrast 120-
second image shows distortion at the prior surgical site (short arrows) and diffuse nonmass enhancement in the anterolateral breast, shown to
advantage on both the source and the subtracted correlative image (f, g, long arrow). Angiomap shows mostly persistent enhancement (h). The
sagittal and coronal reconstructed images (i, j) provide three-dimensional visualization of tumor extent. Histology at mastectomy yielded diffuse
invasive and noninvasive ductal cancer grade 2. Micropapillary DCIS extended for 9 cm, with scattered foci of ILC and pleomorphic LCIS.

as an adequate margin.*® Factors contributing to positive surgi-
cal margins include the size and location of the primary tumor,
and the presence of an extensive intraductal component (EIC)
within an invasive ductal carcinoma (IDC).3!394041 [t is gener-
ally accepted that the presence of microscopically positive mar-
gins necessitates re-excision surgery in order to decrease the
risk of local recurrence.42:4344.45.46

Reoperation Rates

There are large variations in reoperation rates following cancer
excision among surgeons and institutions, and reoperation
rates have been shown to be high in the United States.*”4% Cur-
rent estimates of the frequency of surgical re-excisions range
from 30 to 60%,%>434445 and the burdens of reoperation are con-
siderable, with increased patient morbidity and costs. Addi-
tional operations may delay the use of recommended adjuvant
therapy and cause psychological, physical, and economic stress

for patients, especially when more extensive surgery such as
mastectomy is required. Once re-excision surgery is performed,
a review of the literature indicates that the frequency of tumor
in second surgical excision specimens ranges from 32 to 63%,
microscopic residual disease being found in only about 50% of
patients overall.#%4! Residual tumor has been shown to be asso-
ciated with an increasing risk of recurrent cancer in the ipsilat-
eral breast, for both invasive and noninvasive cancer, with some
investigators showing increased local recurrence rates, ¢
whereas others have indicated no increase in recurrence
rates.51:52.53

Today, even with declining reoperation rates, too many
women still end up back in the operating room after a partial
mastectomy. A recent editorial in the New England Journal of
Medicine stressed that the rate of reoperation can and should
be reduced, and the authors further point out that even a
reduction of 10% in the re-excision rate nationwide could result
in reoperation being avoided for 10,000 to 20,000 women



