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ABSTRACT

Contrast-enhanced mammography (CEM) is a new technology in breast imaging and cancer detection. It has
been shown to have a comparable performance to breast MRI. Currently, there is no independent BI-RADS
lexicon available for CEM. This pictorial essay will demonstrate the use of breast MRI descriptors according to
the BI-RADS breast MRI lexicon, to describe enhancement patterns for recombined CEM images. The authors
recommend using enhancement pattern descriptors already in use for breast MRI when reporting CEM studies,
to promote uniformity of interpretation and reporting.

*Corresponding author:
Johannes Peters,

Department of Surgery, Royal Keywords: Contrast enhanced mammography, Contrast mammography, Mammography
Darwin Hospital, Darwin,

Australia.
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Contrast-enhanced mammography (CEM) is a new technology in breast imaging. The accuracy
in detection of breast cancer in CEM is greater than conventional mammography, ultrasound
(US) alone, and the US in combination with conventional mammography.™! With a sensitivity of
93-98% and specificity of greater than 90% for detection of breast cancer, CEM has comparable
DOI performance to that of breast MRL!!
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Quick Response Code: TECHNIQUE

CEM uses a dual-energy X-ray technique combined with intravenous administration of an
iodinated contrast agent. 100 mL of non-ionic low-osmolar iodinated contrast agent: iohexol
350 mg I/mL Omnipaque (GE Healthcare) is injected two minutes prior to the acquisition
of paired low-energy (23-32kVp) and high-energy (45-49kVp) standard mammogram images
using a power injector at a rate of 3 mL/s.>! Low-energy images have appearances similar
to conventional digital mammograms and are used for unenhanced image interpretation.
Recombined images are created by subtracting the low-energy images from high-energy
images, allowing signal from the background breast tissue to be canceled out and areas of
contrast uptake to be highlighted.'”! The optimal window for obtaining contrast-enhanced
images of the breast is between 2 and 8 min post-contrast agent injection. During this imaging
window, a standard bilateral two-view mammogram is obtained. Several breast pathologies
such as lobular cancers, mucinous, tubular cancers, and ductal carcinoma in situ show
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characteristically slow contrast enhancement patterns.”
For this reason, the authors suggest adding a minimum of
two additional views (MLO views) at the end of the imaging
acquisition as “late phase images” to check for breast
pathology with slow enhancement patterns.

The displayed images were acquired and processed using
Hologic Selenia® Dimensions® I-View software.

The average glandular dose of CEM has been reported
between 1.2 to 1.8 times of a full-field digital mammogram.!*!

These values still fall below the guidelines recommended
3mGy average glandular dose exposure for breast
imaging.

ENHANCEMENT PATTERNS IN CONTRAST
MAMMOGRAPHY

There is no independent BI-RADS lexicon for CEM available
at present. The authors suggest that breast MRI descriptors

Table 1: Suggested descriptors for describing enhancement patterns
for recombined contrast-enhanced mammography images.

Masses
Shape « Oval

« Round

o Irregular
Margins o Circumscribed

« Non circumscribed
O Irregular
O Spiculated

« Homogenous

« Heterogenous

« Rim enhancement

Internal Enhancement
characteristics

Non-mass enhancement

« Focal

e Linear

» Segmental

« Regional

« Multiple regions

« Diffuse

» Homogenous

» Heterogenous

o Clumped

o Clustered ring

A tiny dot of enhancement that
does not clearly represent a
space-occupying lesion or mass and
does not clearly show a mass on
pre-contrast imaging

Distribution

Internal enhancement

Focus
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according to the BI-RADS breast MRI lexicon are used to
describe enhancement patterns for the recombined CEM
images [Table 1].)

Enhancement Patterns of Masses:

Mass-HOMOGENEOUS

Figure 1: 38-year-old woman presented with a palpable lump
in the right upper inner breast. Mammography including CEM
was performed for further workup. (a) Right craniocaudal
low energy image showed a well circumscribed oval mass
lesion. (b) A right craniocaudal recombined image (CEM) showed
a mass with homogeneous enhancement, a mammographic biopsy
under tomosynthesis guidance confirmed a fibroadenoma on
histopathology.

Mass-HETEROGENEOUS

Figure 2: 51-year-old woman with a palpable lump in the left outer
central breast. Mammography including CEM was performed
for further workup. (a) A left mediolateral oblique and (b) left
craniocaudal low energy image showed a round mass lesion with
irregular margins. (c) The left mediolateral oblique recombined
and (d) left craniaocaudal CEM images showed a mass with
heterogeneous contrast enhancement. The lesion was a Grade 3
invasive ductal, basal phenotype cancer on excisional biopsy.
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Mass-RIM

Figure 3: 80-year-old woman with a palpable lump in the left upper
outer breast. (a) The left mediolateral oblique low energy image
revealed an irregular mass lesion with spiculated margins. (b) The left
mediolateral oblique early phase recombined image displayed a mass
with rim enhancement (c) The late phase of the left mediolateral oblique
recombined image showed centripetal enhancement, highly suggestive
of a malignant process. Lumpectomy of the lesion confirmed an invasive
ductal carcinoma not otherwise specified, grade 3 on histopathology.

Mass-RIM - Pitfalls

RIGHT BREAST UOQ

Figure 4: A 40-year-old woman presented with lumpy breasts and
underwent a mammography study including CEM. (a) The right
mediolateral oblique and (b) craniocaudal recombined mammographic
images showed a mass with subtle rim enhancement. (c) The mass with
subtle rim enhancement seen on contrast mammography corresponds
to a cyst on ultrasound. This was confirmed with an ultrasound guided
cyst aspiration of the lesion which collapsed entirely after aspiration.

Non-mass enhancement-FOCAL

Figure 5: 50-year-old woman with right breast pain. (a) The right
mediolateral oblique and (b) craniocaudal recombined images show
no suspicious mass or non-mass enhancement. There is a tiny focus
of contrast uptake in the right upper outer breast only, too small for
further characterization.

Non-mass enhancement-LINEAR

r 5
& LML,

Figure 6: A 57-year-old woman presented with left bloody nipple
discharge. (a) Left mediolateral oblique and (b) craniocaudal
recombined images showed smooth linear non-mass enhancement
with homogeneous internal enhancement pattern. The lesion was
confirmed to be an intraductal papilloma on core biopsy.
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Non-mass enhancement-SEGMENTAL

Figure 7: 66-year-old patient presented for a screening
mammogram. She had a strong family history of breast
cancer. The (a) right mediolateral oblique low energy image
showed pleomorphic microcalcification in segmental distribution.
(b) Right mediolateral oblique low energy image: Pleomorphic
microcalcification in segmental distribution, magnified. (c) Right
mediolateral oblique recombined image: Segmental non-mass
enhancement with clustered ring internal enhancement pattern,
Histopathology: High grade DCIS.

Non-mass enhancement-REGIONAL

Figure 8: A 77-year-old woman presented with discomfort in
the left inner breast. (a) The left craniocaudal low energy image
showed pleomorphic microcalcification in regional distribution.
(b) Left craniocaudal low energy magnification image: Pleomorphic

microcalcification in regional distribution, magnified. (c)
Left craniocaudal low energy view, magnified: Pleomorphic
microcalcification in regional distribution.
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Non-mass enhancement-MULTIPLE REGIONS

Figure 9: 39-year-old patient with strong family history of breast
cancer. A bilateral mammogram including CEM was performed. (a)
The left and (b) right mediolateral oblique recombined CEM images
showed multiple regions of non-mass enhancement with non-
specific morphological features, similar in both breasts in keeping
with normal, moderate background enhancement.

Non-mass enhancement-DIFFUSE

Figure 10: 42-year-old woman with right breast pain. (a) Right
mediolateral oblique and (b) craniocaudal recombined CEM images
show diffuse non-mass enhancement in keeping with mild to
moderate, normal background enhancement.

CONCLUSION

It is important to recognize enhancement patterns in
CEM. This pictorial essay provides examples and guidance
on how to classify these patterns. We recommend using
enhancement pattern descriptors already in use for Breast
MRI when reporting CEM studies, to promote uniformity of
interpretation and reporting.
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