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vessel. c) Axial T٢-weighted fat-saturated fast SE image
shows an artifact in the phase-encoding direction caused
by a small amount of pleural fluid. This artifact partly
obscures visualization of the axilla (d) Axial T٢-weighted
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wraparound artifact. The axilla is completely obscured by
a phantom arm
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indicated by arrows.
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suppressed ٣D fast spoiled gradient-recalled echo images
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٣٣ A and B, Contrast-enhanced sagittal (A) and axial (B)
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homogeneous enhancement and plateau kinetics in inferior
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٣٤ (a) Sagittal precontrast T١-weighted MR image of the left
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(b) Sagittal early post-contrast T١-weighted MR image
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٣٦ Subtracted image of an invasive ductal cancer and linear
enhancement in ductal carcinoma in situ

٣٧ Sagittal (A) and axial (B) MR images show ٦ × ٣ × ٢ cm
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right upper inner quadrant, heterogeneous internal
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٣٨ A and B, Contrast-enhanced T١-weighted fat-suppressed
٣D fast spoiled gradient-recalled echo sagittal (A) and
axial (B) images from routine surveillance MRI show
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٣٩ sagittal (a) and axial (b) images show ٣ × ٣ × ٢ cm area of
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٤٠ (A)MRI reveals segmental enhancement in the lower
inner quadrant of the left breast suspicious for DCIS.(B)
Full-field digital mammography (cranio-caudal view) of
the left breast after MRI-guided localization (bracketing)
of the DCIS. (C) Magnified mammographic view

٤١ Dynamic subtracted MR image from first contrast-
enhanced acquisition shows nonmass lesion with ductal
distribution and clumped enhancement in left breast.

٤٢ Dynamic subtracted MR image from first contrast-
enhanced acquisition shows ٧-mm oval mass with
irregular margins and homogeneous enhancement in right
breast

٤٣ sagital(a) and axial (b) MIP images of both breasts
demonstrated a ductal carcinoma in situ in a ٥٣-year-old
female patient with cable-stone enhancement at the
middle-outer quadrant of the right breast in a segmental
distribution

٤٤ Sagittal subtracted image of fat-suppressed ٣D spoiled
gradient-echo MR image shows clumped regional
nonmass enhancement with persistent enhancement
kinetics

٤٥ Transverse contrast-enhanced T١ FLASH ٣D MRI,
subtraction image. Small hyperintense round lesions (left
and middle images, white arrows) and the clumped and
heterogeneous enhancement of microcalcification lesion
in the left breast. Time to intensity curve. The rapid initial
rise and plateau pattern (type ٢) of enhancement

٤٦ contrast-enhanced T١ FLASH ٣D MRI, subtraction image.
Stippled, clumped and heterogeneous enhancement of
microcalcification lesion. Breast MRI, time to intensity
curve. Rapid initial rise and the washout pattern (type ٣)
of enhancement.

٤٧ An unenhanced non-fat-saturated T١-weighted image (a),
enhanced image taken at ١ min after injection (b),
subtraction image (c), and the enhancement kinetics
normalized to the unenhanced signal intensity (d). The
lesion demonstrates a linear clumped enhancement pattern
on the subtraction image. The enhancement kinetics curve
shows rapid wash-in and reaches a plateau.
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٤٨ Mediolateral oblique and craniocaudal MMG (a) of the
right breast. Highly dense tissue on the MMG obscures the
limits of a palpable mass, measuring ٢ cm in the upper
outer quadrant of the right breast. Axial and sagittal T١-
weighted contrast-enhanced MRI (b) shows wide
multifocality and multicentricity, which was confirmed on
histopathological examination.

٤٩ Axial precontrast T١-weighted image (top), postcontrast
subtraction image (middle), and maximum intensity
projection (bottom) show an irregular mass lesion of ١٫٨
cm in the left breast (arrow). The enhancement level was
moderate, but clearly visible. Enhancement kinetics
demonstrates a moderate initial enhancement reaching to a
plateau.

٥٠ Axial precontrast T١-weighted image (top), postcontrast
subtraction image (middle), and maximum intensity
projection (bottom) show several foci in the right breast.
Enhancement kinetics measured from a focus lesion
(arrow) demonstrates a rapid initial enhancement followed
by washout.

٥١ Axial precontrast T١-weighted image (top), postcontrast
subtraction image (middle), and maximum intensity
projection (bottom) show a mass lesion of ٢٫٢ cm with
spiculated margin in the left breast. Enhancement kinetics
demonstrates a rapid initial enhancemen

٥٢ Axial precontrast T١-weighted image (top), postcontrast
subtraction image (middle), and maximum intensity
projection (bottom) show a ٢٫٨ cm mass lesion with
spiculated margin in the left breast. Enhancement kinetics
demonstrates a rapid initial enhancement followed by
washout

٥٣ Axial precontrast T١-weighted image (top), postcontrast
subtraction image (middle), and maximum intensity
projection (bottom) show a Nonmass-like lesion with
ductal clumped enhancement pattern in the right breast.
Enhancement kinetics demonstrates a rapid initial
enhancement then reaching to a plateau
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٥٤ Intermediate-grade DCIS with clumped NMLE
morphology in the left breast on axially acquired, T١-
weighted, fat-saturated, contrast enhanced (a) and
subtraction images (b). The lesion demonstrates moderate
DWI intensity (c) and is dark on the corresponding ADC
map (d) indicating the presence of restricted diffusion.
This lesion was considered detectable by intensity, CNR,
and ADC thresholds

٥٥ Small low-grade DCIS lesion with oval mass morphology
in the right breast on axially acquired, T١-weighted, fat-
saturated, contrast enhanced (a) and subtraction images
(b). The lesion demonstrates mild DWI intensity (c) and is
dark on the corresponding ADC map. This lesion was
considered not detectable by intensity threshold, but was
detectable by CNR and ADC thresholds

٥٦ dynamic contrast enhanced MRI for evaluation of extent
of newly diagnosed invasive ductal carcinoma. A,
Dynamic contrast-enhanced MR image shows suspicious
٢٫١-cm area of homogeneous nonmasslike enhancement
distinct from known malignant tumor. B, Diffusion-
weighted MR image shows area of hyperintensity.
Additional area of hyperintensity was retrospectively
found adjacent to biopsied lesion with nonmasslike
enhancement. C, Apparent diffusion coefficient map
shows low apparent diffusion coefficient

٥٧ dynamic contrast-enhanced MRI for evaluation of extent
of newly diagnosed invasive ductal carcinoma.A,
Dynamic contrast-enhanced MR image shows large area
of heterogeneous nonmasslike enhancement distinct from
known malignant tumor. B, Diffusion-weighted MR image
shows area of hyperintensity. C, Apparent diffusion
coefficient map shows low apparent diffusion coefficient

٥٨ (a) Axial contrast-enhanced ٣D T١-weighted high-spatial-
resolution subtraction MR image of right breast shows
large spiculated enhancing mass lesion (b) Kinetic curve
for same lesion was categorized as type III (washout). (c)
Axial ADC map shows same lesion with restricted
diffusion.
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٥٩ (a) Dynamic contrast-enhanced MR image obtained in
early phase, (b) diffusion-weighted MR image and (c)
ADC map. (a) Areas of homogeneous nonmasslike
enhancement are shown; this image was used to identify
lesions and define corresponding ROIs on b (arrows),
where lesions are visible as areas of high signal intensity.
(c) Lesion exhibits areas with light blue contours (arrows),
which are indicative of low ADC

٦٠ Sagittal contrast-enhanced fat-suppressed T١-weighted
MR image of the right breast demonstrates segmental
clumped enhancement of the entire lower outer quadrant.
A voxel was placed around the area of enhancement.
Spectroscopy demonstrated a positive choline resonance
peak at a frequency of ٣٫٢ ppm with an SNR greater than
٢

٦١ A, Sagittal ٣D contrast enhanced fat-suppressed MR
image at ٣٫٥ minutes after contrast administration shows
nonmass lesion with segmental distribution. B, Single-
voxel spectrum shows no positive choline (Cho) resonance
peak (P),

٦٢ DCE-MRI shows a fairly defined nonhomogenously
enhanced focal soft tissue lesion in a women with previous
BCT for small DCIS. MRS shows negative curve for
choline.

٦٣ breast MRI revealed linear/curvilinear enhancement
superior and posterior to the lumpectomy site.

٦٤ Screenshot from a biopsy procedure, using a ١٤ G large
core needle to biopsy an non-mass-like area of
enhancement in the upper outer quadrant of the left breast.
The lower screen shows how to position the post and pillar
device. The coordinates for optimal needle position can be
read from the bottom of the screen

٦٥ Screenshot from a biopsy procedure using a ٩ G vacuum-
assisted needle to biopsy a small mass-like lesion with an
irregular margin at six o’clock in the left breast. The lower
screen shows where to put the needle block (purple
square) and which hole to use (orange dot) in order to
come closest to the optimal position (red circle). The
required depth can be read at the bottom of the screen
(arrow)
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Introduction

Ductal carcinoma in situ (DCIS) or intraductal carcinoma is a
noninvasive malignancy characterized by the clonal proliferation
of malignant epithelial cells originating in the terminal ductal
lobular unit, with no histologic evidence of invasion of the
basement membrane. It is most often asymptomatic and may
involve multiple sites separated by normal tissue in the same ductal
system or in different ductal systems. (Raza et al, ٢٠٠٨).

Known mutations in the BRCA١ and BRCA٢ genes account for
about ٥٠٪ of the hereditary breast cancers. BRCA١ and BRCA٢
mutation carriers face a lifetime breast cancer risk as high as ٨٥٪
and develop breast cancer at an early age, approximating ٥٠٪ by
٥٠ years. (Causer et al, ٢٠٠٧).

The American College of Radiology (ACR) Breast Imaging
Reporting and Data System (BI-RADS®) is a quality assurance
tool designed to standardize mammographic reporting, reduce
confusion in breast imaging interpretations and facilitate outcome
monitoring. (American College of Radiology, ٢٠٠٣).

The extent of DCIS involvement is frequently underestimated at
mammography, which can reliably help detect only calcified
DCIS. Because not all DCIS calcifies, the sensitivity of
mammography ranges widely (٨٠–٪٢٧٪). Disease extent is also
frequently underestimated at mammography due to incomplete
lesion calcification, which can result in additional operations such
as surgical bed reexcision or completion mastectomy being
performed to obtain negative margins. (Mossa-Basha et al, ٢٠١٠).
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Magnetic resonance (MR) imaging has become established as a
diagnostic and research tool in many areas of medicine because of
its ability to provide excellent soft-tissue delineation in different
areas of interest. (Jacobs et al ٢٠٠٧).

More recent developments in MR gradient systems and pulse
sequences allow the simultaneous achievement of high spatial
resolution and adequate temporal resolution. (Rausch et al, ٢٠٠٦).

Alternative means of detecting DCIS have been explored,
including the use of contrast enhanced MRI. Breast MRI has
emerged as an important tool in the detection and characterization
of breast cancer, showing sensitivity ranging from ١٠٠–٩٠٪ for
invasive carcinoma. (Raza et al, ٢٠٠٨).

Contrast-enhanced dynamic MRI of the breast is complementary
to mammography in the detection of DCIS because enhancement
may be seen in areas of calcified as well as noncalcified intraductal
carcinoma. This allows detection of noncalcified disease and more
accurate assessment of the extent of disease, improving treatment
and prognosis. (Raza et al, ٢٠٠٨).

To maximally benefit from its sensitivity (as MR imaging–only
visible lesions including cancers are often encountered), some
means of MR imaging–guided biopsy is essential in a screening
program. (Causer et al, ٢٠٠٧).

For suspicious breast lesions detected initially by MRI and
recommended for biopsy (BI-RADS ٤ or ٥), malignancies exhibit
significantly lower mean apparent diffusion coefficient (ADC)
values compared with benign lesions, and increased positive
predictive value (PPV) can be achieved by incorporating an ADC
threshold into the breast MRI assessment. (Partridge et al, ٢٠٠٩).


