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BREAST IMAGING

Contrast-enhanced mammography (CEM) is a relatively new breast imaging 
modality that uses intravenous contrast material to increase detection of breast 
cancer. CEM combines the structural information of conventional mammog-
raphy with the functional information of tumor neovascularity. Initial studies 
have demonstrated that CEM and MRI perform with similar accuracies, with 
CEM having a slightly higher specificity (fewer false positives), although larger 
studies are needed. There are various reasons for false positives and false neg-
atives at CEM. False positives at CEM can be caused by benign lesions with 
vascularity, including benign tumors, infection or inflammation, benign lesions 
in the skin, and imaging artifacts. False negatives at CEM can be attributed 
to incomplete or inadequate visualization of lesions, marked background 
parenchymal enhancement (BPE) obscuring cancer, lack of lesion contrast 
enhancement due to technical issues or less-vascular cancers, artifacts, and 
errors of lesion perception or characterization. When possible, real-time 

interpretation of CEM studies is ideal. If additional views are necessary, 
they may be obtained while contrast material is still in the breast pa-
renchyma. Until recently, a limitation of CEM was the lack of CEM-
guided biopsy capability. However, in 2020, the U.S. Food and Drug 
Administration cleared two devices to support CEM-guided biopsy us-
ing a stereotactic biopsy technique. The authors review various causes 
of false-positive and false-negative contrast-enhanced mammograms 
and discuss strategies to reduce these diagnostic errors to improve 
cancer detection while mitigating unnecessary additional imaging 
and procedures.
©RSNA, 2023 • radiographics.rsna.org

This copy is for personal 
use only. To order copies, 
contact reprints@rsna.org

Introduction
Contrast-enhanced mammography (CEM) provides unique 
advantages in detecting suspicious breast lesions over con-
ventional mammography. Conventional mammography, 
including digital breast tomosynthesis (DBT), has shown 
limited sensitivity for cancer detection in women with dense 
breasts (1). CEM combines the structural information of 
conventional mammography with the functional informa-
tion of tumor neovascularity (2). Tumor neovascularity oc-
curs due to vascular permeability in breast tumors, which 
results in contrast agents extravasating into surrounding 
tissue, attenuation of x-rays, and highlighting of underly-
ing breast cancers (2,3). The addition of intravenous con-
trast material allows characterization of tumor vascularity, 
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dense breast tissue, and patients at high risk for developing 
breast cancer (12–14). Furthermore, lesions that are enhancing 
at CEM without a mammographic or US correlate can now be 
biopsied under CEM guidance (see the “Emerging Research” 
section).

CEM can also be associated with false-positive and false-neg-
ative findings, which limits diagnostic accuracy. This article 
reviews various causes of false positives and false negatives at 
clinical CEM examinations and provides readers with strate-
gies to improve overall diagnostic accuracy considering these 
limitations.

Basics of CEM Technique
CEM uses a unique dual-energy method of image acquisition. 
Approximately 2 minutes after injection of iodinated contrast 
material, two craniocaudal (CC) images and two mediolateral 
oblique (MLO) images of each breast are obtained. The first im-
age produced uses a high-energy x-ray beam to achieve maxi-
mal attenuation of the contrast agent in the breast (45–49 kVp) 
(2,15). This is a nondiagnostic image. A second, LE image is 
obtained simultaneously, which is analogous to an FFDM im-
age (26–30 kVp) (2,15).

After image acquisition, a postprocessed dual-energy sub-
traction technique is applied to the LE and high-energy images 
to create a subtracted or recombined diagnostic image, which 
highlights areas of pooling contrast material while removing 
nonenhanced fibroglandular tissue (2,15). To minimize motion 
artifacts, high-energy and LE images are best obtained sequen-
tially for each breast position (2,15).

Standard imaging is relatively quick and is typically com-
pleted within 7–10 minutes, but it can often be completed within 
4–5 minutes (16). Additional views can be obtained at upward 
of 10 minutes, with new literature suggesting even later acqui-
sition, if needed (17). Both the LE and recombined images are 
made available at the time of interpretation and are interpreted 
in clinical care as a conventional mammographic study (2).

False Positives at CEM
Enhancement depicted at CEM is nonspecific and can corre-
spond to benign morphologic and physiologic enhancement, 
contributing to false-positive results (9). False-positive results 
at CEM are due to a variety of factors, including inflammation, 
benign lesions, and artifacts (Fig 1). False-positive findings can 
ultimately lead to additional unnecessary imaging or needless 
biopsy of benign lesions. Recalls and additional evaluation may 
also cause increased patient anxiety and added medical costs.

When CEM false-positive rates are compared to MRI 
false-positive rates, CEM rates are reported to be slightly lower 
at 8%–33% compared with 20%–66% for MRI (9,10), although 
both studies had small sample sizes (40 and 157 patients, re-
spectively). Furthermore, CEM is reported to have relatively 
superior specificity (69%–90%) compared with that of MRI 
(72%–74%) (5,6). From personal clinical experience, we spec-
ulate that false positives at CEM may be lower than at MRI be-
cause the overall degree of enhancement may not be as avid at 
CEM, therefore limiting conspicuity of small lesions and foci.

There are benefits of MRI over CEM: for example, delayed 
imaging with time-intensity curves or T2 characteristics, 

RadioGraphics 2023; 43(12):e230100
https://doi.org/10.1148/rg.230100

Content Code: BR

Abbreviations: BPE = background parenchymal 
enhancement, CC = craniocaudal, CEM = con-
trast-enhanced mammography, DBT = digital breast 
tomosynthesis, DCIS = ductal carcinoma in situ, ER =  
estrogen receptor, FFDM = full-field digital mam-
mography, FOV = field of view, HER2 = human epi-
dermal growth factor receptor 2, LE = low-energy, 
MLO = mediolateral oblique, NME = nonmass en-
hancement, PR = progesterone receptor

TEACHING POINTS
	� CEM combines the structural information of conventional mammography with 

the functional information of tumor neovascularity.
	� Inflammation manifests clinically and tends to have nonspecific imaging man-

ifestations, including skin thickening, rim enhancement, or nonmass enhance-
ment (NME). Clinical correlation and immediate clinical care are necessary.
	� When possible, real-time interpretation of CEM images is ideal. If additional 

views are necessary, they may be obtained while contrast material is still in 
the breast parenchyma.
	� Low-grade malignancies may not show enhancement. Therefore, in lesions 

without CEM enhancement, the decision to pursue core needle biopsy should 
be based on the most suspicious imaging feature at CEM (LE or recombined 
images) or US.
	� False positives depend on vascularity and can be seen in the setting of en-

hancing benign lesions, infectious or inflammatory lesions, or contrast ma-
terial contamination artifact. False negatives can result from inadequate or 
incomplete inclusion of a lesion, obscuration of a lesion due to BPE, absence 
of contrast enhancement of a malignancy, or characterization errors.

offering physiologic information in addition to information 
on mammographic alterations, which leads to increased de-
tection of suspicious breast lesions over that of conventional 
mammography.

CEM is often compared with contrast-enhanced MRI. CEM 
and MRI have similar diagnostic accuracies, with CEM hav-
ing slightly higher specificity (fewer false positives) and MRI 
having slightly higher sensitivity (4–10). CEM is less costly to 
perform than MRI and is relatively well tolerated by patients 
in comparison with MRI (4). Additionally, given the relatively 
high resolution of x-ray imaging with CEM, suspicious micro-
calcifications are able to be identified (2). These advantages 
support the increasing use of CEM.

CEM examinations include acquisition of two images per 
view of the breast. Low-energy (LE) images are obtained at the 
same energy spectrum and considered the diagnostic equiva-
lent of standard full-field digital mammography (FFDM); they 
enable similar performance of microcalcification detection as 
FFDM, helping with calcification identification (11). High-en-
ergy images are nondiagnostic and noninterpretable. Sub-
tracted (or recombined) images provide diagnostic information 
regarding lesion vascularity.

CEM has been used to evaluate extent of disease in patients 
with newly diagnosed breast cancer as part of a staging exam-
ination and to assess treatment response in patients undergo-
ing neoadjuvant treatment (2). CEM is also being studied in 
the setting of screening and surveillance; this is especially the 
case in patients with a history of breast cancer, patients with 
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which provide the radiologist with additional physiologic or 
kinetic information regarding lesions in the breast. T2 charac-
teristics and kinetic information are not currently available in 
standard clinical CEM.

Inflammation (Reactive Hypervascularity)
Inflammation manifests clinically and tends to have nonspe-
cific imaging manifestations, including skin thickening, rim 
enhancement, or nonmass enhancement (NME). Clinical 
correlation and immediate clinical care are necessary.

Fat Necrosis.—Fat necrosis is a benign entity that results 
from ischemia or vascular insult to fat cells within breast 
tissue (18,19). Blunt trauma to the chest, previous breast 
surgery or biopsy, and breast irradiation can all lead to de-
velopment of fat necrosis (18,19). When ischemia or trauma 
occurs, fat cells hemorrhage and liquefactive necrosis be-
gins, resulting in increased vascularity, allowing fibroblasts, 
lymphocytes, and histiocytes to infiltrate and wall off the 
necrotic debris (18). Fibrosis replaces the area of fat necro-
sis, and this area may eventually be replaced with a scar or 
persist as fibrous tissue surrounding an oil cyst (18). Fat ne-
crosis may be asymptomatic or manifest as a palpable lump.

Fat necrosis is known to demonstrate a wide variety of 
imaging features based on the amount of fibrosis within the 
lesion and may mimic breast cancer (19,20). The presence 
of a fat-containing circumscribed lesion, rim calcifications, 
or a fat-fluid level all indicate benign fat necrosis, while a 
spiculated mass, distortion, or suspicious calcifications may 
warrant additional imaging and biopsy (21). Owing to the in-
creased vascularity in the pathogenesis of fat necrosis, CEM 
and MRI may demonstrate variable enhancement patterns 
in these lesions (20).

At MRI, a lesion likely represents fat necrosis if the signal 
intensity is similar to that of adjacent fat and it demonstrates 
no internal enhancement (20). Similarly, at CEM, if there is 
rim enhancement on the recombined image with internal 
fat visualized on the LE image, the lesion may be deemed fat 
necrosis (21). However, if there is any question of enhance-
ment within the lesion or around it or irregular morphology, 
the lesion should be worked up or biopsied due to the over-
lapping imaging features of fat necrosis with malignancy 
(Fig 2) (21).

Posttreatment Changes.—Surgical procedures, including 
breast conservation surgery and reduction mammoplasty, 
can result in postinflammatory changes seen at imaging. 
Tissue and skin manipulation during these procedures can 
alter the distribution of fibroglandular tissue, resulting in 
focal asymmetry, architectural distortion, and postoperative 
inflammatory changes (22).

Additionally, early postoperative inflammatory changes 
can make images difficult to interpret (Fig S1) and are known 
to limit sensitivity for detecting residual or new breast can-
cer with MRI (22,23). Although data are limited, CEM likely 
has similar limitations as MRI due to the same principle of 
contrast enhancement. On the basis of prior MRI studies 
of postlumpectomy patients with positive margins, CEM is 
not recommended until at least 28 days after surgery to as-
sess for residual disease (24). Radiation treatment as part of 
breast-conserving therapy can also cause early posttreatment 
inflammatory changes; therefore, contrast-enhanced imag-
ing is not recommended in the first 9 months after treatment 
(25). Later changes after radiation therapy seen at contrast-en-
hanced imaging include asymmetric decreased parenchymal 
enhancement in the treated breast (26).

Figure 1. Major causes of false positives at CEM under the categories of infection or inflammation, benign lesions within or outside the breast, and artifact. 
PASH = pseudoangiomatous stromal hyperplasia.
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As with MRI, thin rim enhancement can be seen around 
the lumpectomy site or a postoperative fluid collection at CEM, 
but any irregular or nodular areas of enhancement should be 
deemed suspicious (27). Rim enhancement on recombined 
CEM images can be superimposed and mimic nodularity, 
which is a limitation of CEM compared with multiplanar MRI 
(Fig 3). In these cases, targeted US or MRI is recommended to 
better characterize the suspected nodularity.

Idiopathic Granulomatous Mastitis.—Idiopathic granulomatous 
mastitis (IGM) is an inflammatory condition that consists of 
noncaseating granulomas in the breast. While the exact cause 
is uncertain, theorized causes include autoimmune disease, 
trauma, and lactation (28,29). Cystic neutrophilic granuloma-
tous mastitis (CNGM) is a rare subtype of granulomatous mas-
titis and is often associated with Corynebacterium species (30).

The most common presenting symptom of IGM and 
CNGM is a tender palpable mass, with less common findings 
including skin erythema or induration (28,29,31). Axillary 
lymphadenopathy may be present. This clinical manifesta-
tion raises concern for underlying malignancy, prompting 
diagnostic evaluation (28).

IGM and CNGM demonstrate nonspecific imaging mani-
festations (28). At mammography, both have been described 
as a focal asymmetry or irregular mass, and skin thickening 
may be present (29,31). Owing to their inflammatory cause 
and mimicking of inflammatory breast cancer, CEM may be 
performed during the diagnostic evaluation.

CEM findings may also include rim enhancement or NME 
(Fig 4) (28). Lesions can vary in size, and large lesions may 

resemble an abscess at CEM. At US, IGM may appear as an ir-
regular hypoechoic mass or masses, with or without posterior 
acoustic enhancement, and often shows increased vascularity 
at color Doppler US due to inflammation (29).

IGM or CNGM often requires core needle biopsy for defin-
itive diagnosis. Fine-needle aspiration, although helpful in 
distinguishing malignant versus nonmalignant lesions, is not 
an accurate method of securing a diagnosis and is often of 
low utility (29). IGM has an excellent prognosis when treated 
with oral steroids or methotrexate with prolactin-lowering 
medications. If IGM does not respond to these treatments, 
intralesion steroid injection or surgical excision may be in-
dicated (32). CNGM typically requires prolonged antibiotic 
therapy (30).

Benign Lesions with Vascularity

Fibroadenoma.—Fibroadenomas are benign solid lesions that 
consist of proliferative epithelium and stroma of the termi-
nal duct lobular unit. Proliferation of these components is 
thought to be related to estrogen, as fibroadenomas are most 
common among younger women (33). The most common 
presenting symptom of fibroadenoma is a firm painless mass. 
Although it is more often a solitary lesion, some patients will 
present with multiple fibroadenomas (33).

At mammography, fibroadenomas are commonly de-
scribed as round or oval circumscribed masses (33). Fibro-
adenomas have variable enhancement at CEM but tend to 
be circumscribed homogeneously enhancing masses (Fig 5) 
(34,35). Unless the mass is stable at LE imaging, FFDM, or 

Figure 2. Fat necrosis in a 70-year-old woman with a history 
of lumpectomy for left invasive ductal carcinoma (grade 1, estro-
gen receptor [ER] positive, progesterone receptor [PR] positive, 
human epidermal growth factor receptor 2 [HER2] negative) 5 
years earlier, who presented for annual mammography. (A) Left 
CC LE image shows lumpectomy changes in the outer breast. 
There are multiple masses (arrows) adjacent to the lumpec-
tomy bed. (B) Left CC recombined image shows corresponding 
enhancement of the masses (arrows), which were known from 
prior biopsy to represent benign fat necrosis.
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DBT to support a benign cause, as with a majority of enhancing 
masses, targeted US should be performed. At US, fibroadeno-
mas are typically circumscribed masses and can have internal 
vascularity (33). Owing to overlapping CEM and US features 
between fibroadenomas and cancer, these masses often require 
short-interval imaging follow-up or US-guided biopsy.

If there is no US correlate, but there is an FFDM or DBT 
correlate, stereotactically guided biopsy can be performed. If 
there is only a recombined CEM image finding without a US 
correlate, CEM-guided biopsy is recommended if available. 
Alternatively, if available, MRI may be warranted for further 
evaluation. If there is an MRI correlate with classic fibroade-
noma features seen at breast MRI (including T2 hyperinten-
sity and nonenhancing internal septa), radiologists may prefer 
to dismiss the lesion as benign, follow up with short-interval 
imaging, or still recommend image-guided biopsy if there is a 
high-risk history or clinical suspicion.

Pseudoangiomatous Stromal Hyperplasia.—Pseudoangio-
matous stromal hyperplasia (PASH) is a benign proliferation 
of breast stroma with a network of slitlike spaces lined with 
spindle cells resembling vascular channels (36). PASH is a 
common incidental finding in biopsy specimens and is typi-
cally clinically occult but may form a palpable mass (36,37).

Mammographic findings associated with PASH are non-
specific, and it typically appears as a focal asymmetry or one-
view asymmetry, but a circumscribed mass without calcifi-
cations has also been reported (36,37). At CEM, lesions can 
demonstrate mass enhancement and NME (Fig 6). The US ap-
pearance of PASH is also variable, but it commonly appears as 
a circumscribed hypoechoic mass (36,37). Given the variable 
imaging appearances of PASH, core needle biopsy is often re-
quired to exclude malignancy.

Papilloma.—Intraductal papillomas are benign proliferations 
of epithelial and myoepithelial cells with an underlying fibro-
vascular stalk and protrude into the duct lumen (38). Papillo-
mas can be described as central or peripheral, depending on 
their anatomic location in the duct.

Most papillomas are clinically occult and are detected at 
screening mammography. When symptomatic, patients can 
present with a palpable mass or pathologic nipple discharge 
(39). Mammographic findings of papillomas include a round 
or irregular mass with circumscribed or indistinct margins, 
an associated dilated duct, or microcalcifications (39). Typical 
US features include duct dilatation with a circumscribed hy-
poechoic intraductal mass with a vascular stalk (Fig 7) (39). 
Owing to the central fibrovascular core, papillomas often en-
hance at CEM and MRI and account for 19% of benign en-
hancing masses at CEM and 16% at MRI (35,40).

Given that there are no reliable imaging features to predict 
benign papilloma versus papilloma with atypia or malignancy, 
core needle biopsy of these lesions is often necessary (41). Pap-
illomas with atypia have a 20%–54% upgrade rate to malignancy 

Figure 3. Posttreatment changes in a 63-year-old woman with a history of lumpectomy and radiation 
therapy (completed 10 months earlier) for left invasive ductal carcinoma, who presented for annual 
mammography. (A) Left lateromedial recombined image shows postlumpectomy and radiation therapy 
changes in the left upper breast with thickened rim enhancement (arrow). (B) Sagittal contrast-enhanced 
T1-weighted subtraction image of the left breast shows lumpectomy changes with expected thin rim 
enhancement, without nodularity or thickening. (C) Axial T2-weighted image of the left breast shows a 
T2-hyperintense fluid collection in the lumpectomy bed. The findings at initial CEM were likely due to 
superimposition of the lumpectomy cavity.
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Figure 4. Breast abscess or granulomatous mastitis in a 
56-year-old previously healthy woman who presented for 
evaluation of a growing left-sided breast lump. (A) Left CC LE 
image shows a focal area of increased density (arrow) in the 
upper outer breast. (B) Left CC recombined image shows two 
rim-enhancing lesions (arrowheads) in the upper outer breast, ac-
counting for the presenting symptoms. (C) Color Doppler image 
from targeted US of the left breast at the 2-o’clock position, 5 cm 
from the nipple, shows an indistinct, hypoechoic, heterogeneous 
mass with posterior enhancement and peripheral vascularity. US-
guided biopsy revealed fibrotic breast tissue with active purulent 
inflammation and surrounding organizing fibrosis (not shown). No 
granulomas or organisms were seen at hematoxylin-eosin stain-
ing (not shown). The differential diagnosis at pathologic analysis 
included breast abscess or granulomatous mastitis. The symp-
toms resolved after therapy with oral antibiotics.

Figure 5. Fibroadenoma in a 40-year-old woman with 
a history of Hodgkin lymphoma treated with mantle 
radiation therapy 20 years earlier who presented for 
supplemental screening CEM. (A) Left MLO LE image 
shows no suspicious findings. (B) Left MLO recombined 
image shows a small enhancing mass (arrow) in the 
upper breast. (C) Image from subsequent US shows a 
corresponding hypoechoic mass. US-guided biopsy (not 
shown) of the lesion was performed and demonstrated a 
benign fibroadenoma.
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and should be surgically excised (42,43). Conversely, papillomas 
without atypia have a low (2.3%) upgrade rate to malignancy, 
and recent literature suggests selective surgical excision only if 
patients meet any of five criteria: radiologic-pathologic discor-
dance, symptoms (palpable mass or nipple discharge), patient 
age 60 years or older, masses 10 mm or larger, or the presence of 
four or more peripheral papillomas (39). There is no consensus 
on follow-up recommendations for papillomas without atypia: 
some reports recommend a return to routine screening, while 
others recommend short-interval follow-up imaging (44).

Intramammary Lymph Nodes.—Intramammary lymph nodes 
are an extremely common incidental imaging finding. Nor-
mal lymph nodes appear as oval or reniform masses, with a 
fatty hilum and cortical thickness of 3 mm or less (45). Benign 
nodes may demonstrate concentric thickening when reacting 
to a stimulus such as inflammation (45). Abnormal features of 
intramammary lymph nodes at mammography include large 
size and associated microcalcifications (45).

Both normal and abnormal intramammary lymph nodes 
may enhance at CEM (Fig 8). If suspicion remains high, DBT 
spot compression images and US images should be obtained 

for better lymph node characterization. US features of abnor-
mal lymph nodes include eccentric cortical thickening and 
hilar effacement, and it may be difficult to differentiate them 
from a breast mass with imaging alone (45).

Clinical context is key in evaluation of indeterminate nodes, 
as many benign conditions may cause intramammary and axil-
lary lymphadenopathy. Examples of benign lymphadenopathy 
include infection, recent vaccination or surgery, or systemic 
inflammatory or autoimmune disease (45). US-guided biopsy 
or short-interval follow-up imaging should be performed for 
any indeterminate cases. In indeterminate cases where the 
CEM enhancement has no US correlate, MRI may provide di-
agnostic confirmation of a benign lymph with characteristic 
T2 hyperintensity and a fatty hilum on T1-weighted images.

Skin Lesions.—Benign and malignant skin lesions can demon-
strate variable enhancement at CEM (46,47). Common exam-
ples of focal skin enhancement at CEM include nevus (Fig 
9), hemangioma, and sebaceous cyst. Unlike with multiplanar 
MRI or DBT, it can be difficult to localize skin lesions with 
CEM alone if no mole markers are present. The most im-
portant tips to reduce false positives with skin lesions are to 

Figure 6. PASH in a 51-year-old woman who 
presented for supplemental screening CEM for an 
elevated lifetime risk of malignancy. (A) Left CC 
LE image shows a focal asymmetry (arrow) in the 
inner left breast. (B) Left CC recombined image 
shows NME (arrow), which corresponds to the 
asymmetry noted on the LE image. (C) Axial post-
contrast fat-saturated T1-weighted image shows 
a circumscribed enhancing mass (arrow), which 
corresponds to the area of NME seen at CEM. MRI-
guided biopsy of this area revealed benign breast 
parenchyma with focal pseudoangiomatous stro-
mal hyperplasia (PASH) and increased stromal cel-
lularity, negative for in situ or invasive carcinoma.
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Figure 7. Papilloma in a 48-year-old woman who presented for short-
term follow-up imaging of a biopsy-proven papilloma without atypia in 
the left breast and CEM performed due to an elevated lifetime risk of 
malignancy as part of supplemental screening. (A) Left MLO LE image 
shows an oval mass (arrow) in the left upper inner breast, adjacent to 
a biopsy clip. (B) Left MLO recombined image shows homogeneous 
internal enhancement within the mass (arrow). (C) Color Doppler US 
image shows an oval hypoechoic mass (*) within a dilated duct (arrow-
head) and a vascular stalk (arrow), typical of a papilloma.

Figure 8. Intramammary lymph node in a 
57-year-old woman with an indeterminate 
focal asymmetry in the left breast at outside 
imaging who presented for further evaluation. 
(A) Left CC LE image shows a mass (arrow) 
in the lateral breast. (B) Left CC recombined 
image shows a mildly enhancing mass (ar-
row), which corresponds to the mass on the 
LE image. (C) US of the left upper outer breast 
shows an oval benign intramammary lymph 
node with an echogenic fatty hilum. The 
lymph node corresponds to the mass at CEM 
and was also confirmed at subsequent MRI 
(not shown) as an enhancing mass with a fatty 
hilum at non–fat-saturated T1-weighted MRI.



December 2023	 Carnahan et al

Volume 43 Number 12 	 9	 radiographics.rsna.org

identify an air-lesion interface on LE images and diligent skin 
inspection with placement of mole markers before CEM (48).

If CEM enhancement is present and a skin lesion is sus-
pected, direct inspection of the skin and repeat DBT with 
mole markers should be performed. If there is no skin le-
sion, targeted US should be performed. If the finding is noted 
during CEM when contrast material is still present, tangen-
tial views can be obtained to localize to skin.

Nipple Enhancement.—Nipple enhancement at CEM is vari-
able but typically symmetric (49). At CEM, benign nipple en-
hancement when the nipple is out of profile can mimic an 
enhancing intramammary mass. To minimize this potential 
false positive, appropriately positioning the patient with the 
nipple in profile at the time of CEM is important (50).

If nipple enhancement is identified within 10 minutes of 
contrast material injection, a repeat CEM view with the nip-
ple in profile can be obtained. If there is delayed recognition, 
a metallic skin BB marker can be placed on the nipple and re-
peat DBT images can be obtained in the initial position to show 
overlap of enhancement with the BB (Fig 10). If marking the 
nipple and repeating the CEM images (LE and recombined), 
use a mole marker instead of a BB due to metal artifact.

Contrast Material Contamination Artifact
Contrast material spillage onto the patient’s skin, the detec-
tor, or the paddle from the technologist’s hands or from the 
intravenous line is rare but can mimic NME on recombined 
images (51). Several imaging features can suggest contrast 

material contamination. First, it commonly manifests as 
NME in only one breast, and when seen in bilateral breasts 
it can have a mirrored pattern, suggesting contamination on 
the paddle, the detector, or both (52). Second, the enhance-
ment may have a “dot dash” or speckled appearance on re-
combined images (Fig 11).

There may or may not be associated LE findings. However, 
when these are present, there can be linear high attenuation 
on the LE images in a nearly identical pattern to the “dot 
dash” NME, due to shine-through artifact (51). Additional 
findings suggesting that linear high-attenuation apparent 
calcifications on LE images are contamination artifact in-
cludes disappearance of the high attenuation after cleansing 
the skin or on magnification views. If the finding is still pres-
ent, it will localize to the skin on DBT or tangential views.

Diligent cleaning of the detector and paddles can prevent 
contamination-related artifact, and the nurse or technologist 
administering the contrast material should not assist in pa-
tient positioning. Or, if only one technologist is present, then 
we recommend changing gloves between the injection and 
patient positioning. If contamination is suspected, cleanse the 
breast, paddle, and detector before additional imaging.

False Negatives at CEM
False negatives at CEM can result in missed breast cancers 
and delay necessary treatment. False-negative rates at CEM 
(4%–9%) and MRI (4%–7%) are reported to be similar (7,8), 
with the limitation that both studies were small patient co-
horts with known breast carcinoma. False negatives at CEM 

Figure 9. Nevus in a 41-year-old woman who underwent annual CEM for an elevated lifetime risk of malignancy. (A) Right MLO LE image is unremarkable. 
(B) Right MLO recombined image shows an enhancing mass (arrow) in the lower inner breast, without a US correlate (not shown). The patient was offered 
MRI (and possible MRI-guided biopsy) versus CEM-guided biopsy (as part of a clinical trial). The patient chose CEM-guided biopsy. On the day of the biopsy, 
the enhancement was suspected to be due to a visualized skin lesion. (C) Corresponding image from repeat three-dimensional mammography performed 
after placement of a mole marker (arrowhead) shows that the mole marker corresponds to the area of enhancement seen at prior CEM. The biopsy was 
canceled.
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can be due to incomplete or inadequate visualization of a 
lesion, background parenchymal enhancement (BPE) ob-
scuring lesion enhancement, lack of lesion enhancement, 
or errors of characterization by the interpreting radiologist 
(Fig 12).

Incomplete or Inadequate Visualization of a Lesion

Lesion Off the Field of View.—A limited field of view (FOV) is 
a known limitation of CEM. As with mammography, lesions in 
the far medial or posterior breast may not be included fully in 
the FOV (53,54). If the patient is undergoing CEM due to a re-

called finding at screening mammography or as part of staging 
of a new diagnosis of malignancy and the lesion is in the far 
medial breast, additional CEM views including the medially 
exaggerated CC view (XCCM) should be obtained.

For posterior lesions, the technologist should try to ob-
tain as much far posterior tissue as possible and reposition 
if needed. Additionally, in patients with suspected masses 
in these areas or suspicion of chest wall involvement, MRI 
should be performed to evaluate the extent of disease (Fig 13). 
Additionally, axillary US should be performed if there is sus-
picion for lymph node involvement, given the limitations of 
mammography alone.

Figure 10. Nipple enhancement in a 63-year-old woman with a history of right malignant lumpectomy who presented for annual mammography, with CEM 
performed due to an elevated lifetime risk of malignancy and the patient unable to tolerate MRI. (A) Right CC LE image shows postlumpectomy changes in 
the outer breast. (B) Right CC recombined image shows NME (arrow) in the lower central breast. It was suspected that this enhancement was the nipple out 
of profile. A metallic BB marker was placed on the nipple. (C) Right CC image from repeat two-dimensional mammography shows that the BB (nipple) over-
laps the prior area of NME (arrow), consistent with benign physiologic enhancement of the nipple, which was out of profile on the initial CEM images.

Figure 11. Contrast material con-
tamination artifact in a 71-year-old 
woman with biopsy-proven left 
breast cancer who presented for 
CEM to evaluate response to neo-
adjuvant chemotherapy. (A) Right 
lateromedial LE image (zoomed 
in) shows multiple areas of linear 
high attenuation (arrow) in the up-
per breast. (B) Right lateromedial 
recombined image (zoomed in) 
shows linear NME (arrow), which 
corresponds to the high attenuation 
on the LE image. There is additional 
linear NME in a “dot dash” pattern 
without an LE correlate. The tech-
nologist reported that the patient’s 
skin was wet near the port where 
she was injected, further suggesting 
skin contamination.
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Figure 12. Major causes of false negatives at CEM under the categories of incomplete or inadequate visualization of a lesion, BPE obscuring a lesion, lack 
of lesion contrast enhancement, and error of characterization. IV = intravenous.

Difficulty in Properly Positioning the Patient or Inability to Do 
So.—In patients with postoperative changes from prior lumpec-
tomy or breast augmentation, positioning may be difficult 
and further limit the FOV. CEM images should be evaluated 
quickly, with prompt repositioning when needed. If unable to 
reposition appropriately and contrast-enhanced imaging is still 
desired, MRI should be performed in these patients (Fig 14).

Lesion Abuts Breast Implants.—Although prior studies have 
found CEM and MRI to be concordant in women with breast 
augmentation and newly diagnosed breast cancer, there are 
CEM positioning limitations in these patients, as with mam-
mography (55). When implants are included in the FOV, ar-
tifacts on the recombined images have been reported (55). 
Our standard practice is to perform all CEM studies with 
implant-displaced views to allow better compression and 
improved visualization of tissue than with non–implant-dis-
placed views. As noted earlier, in patients with far posterior or 
medial lesions, MRI is preferred to assess the extent of disease 
(Fig 15). CEM, like mammography, cannot be used to evaluate 
implant integrity.

Lesion Obscured by Hematoma or Seroma.—Early postopera-
tive changes and enhancement in the breast can limit evalua-
tion at CEM.

Typically, margins are determined on the pathology spec-
imen and imaging is rarely needed, but occasionally breast 
imaging is used to determine the extent of residual enhance-
ment in patients with continued positive margins at re-exci-
sion or to evaluate when there is concern for missed margins 
at the time of surgery. As with MRI, false negatives adjacent 
to postoperative changes can occur at CEM. For example, re-
sidual enhancement adjacent to the surgical bed can be falsely 
attributed to benign postoperative changes (56).

Figure 16 shows the limitations of CEM in the immediate 
postoperative setting, especially when a large complex hema-
toma or seroma is present. As noted earlier, contrast-enhanced 
imaging should be performed no earlier than 28 days after sur-
gery (24). If malignant microcalcifications were present preop-
eratively, FFDM with magnification views is likely the best di-
agnostic imaging modality in the early postoperative setting to 
evaluate the extent of residual disease not removed surgically.

To minimize false negatives at follow-up CEM or MRI in 
patients with a history of breast cancer, careful correlation 
with the patient’s surgical history should be performed, partic-
ularly scrutinizing areas of known positive margins. However, 
the greater importance of CEM, like MRI, in these patients is 
to evaluate how far from the lumpectomy site that abnormal 
enhancement is present to impact the surgical plan.

Marked BPE Obscuring a Lesion
Greater BPE is associated with dense breasts, premenopausal 
status, and young age (57). The category of BPE is part of the 
CEM report, like with MRI reporting, and there are varying 
data regarding if and how BPE affects the accuracy of CEM 
(58,59). In premenopausal women, early literature suggests 
that elective CEM should be performed during days 8–14 of 
the menstrual cycle (60). Physiologic BPE of the breast results 
in benign breast tissue appearing diffusely bright on recom-
bined images, which may mask underlying suspicious breast 
lesions (Fig 15).

Lack of Lesion Contrast Enhancement

Lack of Intravenous Contrast Material at the Time of Imag-
ing.—Although rare, lack of contrast enhancement at CEM 
can be due to contrast material extravasation, peripheral or 
central vascular occlusion, impaired cardiovascular function, 
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or an inadequate contrast material bolus. If contrast material 
extravasation was not recognized before imaging, this may re-
sult in lack of enhancement on CEM images, which would be 
a false-negative CEM finding. Unlike with MRI, where the tho-
racic vasculature can confirm the presence of intravenous con-
trast material, there is no definitive way to confirm adequate 
contrast material uptake at CEM. However, contrast material 
extravasation at CEM is typically noted by the patient or tech-
nologist, given the larger contrast material bolus (100 mL).

A patient complication—such as vasovagal response or 
iodine contrast material allergy—may also be the cause of 
inadequate contrast material uptake at CEM due to early ter-
mination of the contrast material bolus. If any of these com-
plications occur, radiologists should follow their institution’s 
protocols for acute treatment of contrast material extravasa-
tion or allergy and timing of repeat CEM if desired.

Cancers with Little or No Associated Enhancement.—A pos-
itive CEM finding includes any abnormality on either LE or 
recombined images. Thus, false negatives can occur at CEM 
when a cancer has little or no associated enhancement and no 

LE finding. CEM relies on tumor vascularity, with proliferation 
of capillaries and new vessel formation after the cancer releases 
angiogenic factors such as vascular endothelial growth factor 
(VEGF). However, some subtypes of breast cancer such as in-
vasive lobular carcinoma use non-VEGF growth factors for an-
giogenesis, and this may explain the difference in enhancement 
patterns (61,62). Examples of malignant lesions with possible 
weak or no enhancement include invasive lobular carcinoma 
and ductal carcinoma in situ (DCIS) (63,64).

In MRI studies, 12.2%–16% of cases of DCIS and 2.6%–3% 
of invasive carcinomas demonstrated no enhancement (65,66). 
Although there are few published studies of false negatives at 
CEM, one study reported that up to 16% of cases of DCIS with 
associated calcifications lacked enhancement at CEM (Fig 17) 
(67). Other studies that evaluated calcifications at CEM re-
ported that 96% of calcifications without enhancement repre-
sented a false-positive finding, whereas 80% of calcifications 
with enhancement represented a true-positive cancer (10). 
However, suspicious calcifications, architectural distortion, or 
irregular masses with lack of enhancement on LE images must 
be biopsied regardless of enhancement on CEM images (64).

Figure 13. Invasive ductal carcinoma and invasive lobular carcinoma in a 72-year-old woman with two palpable areas of pain in the left breast, one in the 
upper outer breast and the other in the lower inner breast. (A, B) Left breast CC (A) and MLO (B) recombined images show architectural distortion (LE finding 
not shown) with associated NME (arrow) at the lateral area of pain. At the medial area of pain, there is an irregular enhancing mass (arrowhead) extending 
posteriorly beyond the FOV. US (not shown) of the medial mass showed possible pectoralis invasion, and MRI was recommended. (C) Sagittal postcontrast 
subtraction T1-weighted image shows that the medial mass (arrowhead) invades into the pectoralis muscle. At pathologic analysis, the medial mass was 
invasive ductal carcinoma (grade 1, ER positive, PR positive, HER2 negative) and the lateral mass was invasive lobular carcinoma (grade 1, ER positive, PR 
positive, HER2 negative).
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Figure 14. Recurrence in a 
78-year-old woman with a history 
of lumpectomy for invasive adeno
squamous (metaplastic) carcinoma 
(ER negative, PR negative, HER2 
negative) 4 years earlier, with a re-
cent diagnosis of recurrence at skin 
punch biopsy near the lumpectomy 
cavity. CEM was performed for 
preoperative staging. (A, B) Right 
breast CC (A) and mediolateral (B) 
recombined images were obtained, 
but despite multiple attempts at 
repositioning, it was difficult to in-
clude the lumpectomy cavity (site of 
known recurrence at punch biopsy) 
within the FOV. US (not shown) was 
unremarkable. (C) Sagittal post-
contrast subtraction fat-saturated 
T1-weighted image shows a rim-
enhancing mass (arrow), centered in 
the lumpectomy cavity, with subtle 
enhancement extending to the pec-
toralis muscle (arrowhead). Results 
of surgical pathologic analysis con-
firmed recurrence (grade 2, ER neg-
ative, PR negative, HER2 negative).

Figure 15. Invasive ductal carcinoma in a 
46-year-old woman with bilateral saline im-
plants, who was recalled for an asymmetry 
in the right upper breast at screening mam-
mography. Owing to her dense breast tis-
sue, CEM was offered to the patient as part 
of her diagnostic evaluation. (A, B) Right 
breast LE (A) and recombined (B) images 
(lateromedial implant-displaced view) show 
an enhancing mass (arrow) in the upper 
breast. Despite multiple attempts at reposi-
tioning, the mass could be seen only on the 
lateromedial implant-displaced view. There 
is moderate BPE. US (not shown) demon-
strated an irregular mass at the 1-o’clock 
position, 12 cm from the nipple, which cor-
responded to the CEM finding. Incidentally 
noted at US was a second mass at the 
2-o’clock position, 12 cm from the nipple, 
which did not have a two-dimensional 
mammographic (LE) or CEM correlate. 
(C) Sagittal postcontrast subtraction T1-
weighted image shows an enhancing mass 
(arrow) in the upper inner posterior breast, 
which corresponds to the 1-o’clock mass 
(invasive ductal carcinoma, grade 1, ER pos-
itive, PR positive, HER2 negative). There 
was a second enhancing mass (not shown), 
which corresponded to the 2-o’clock mass 
(invasive ductal carcinoma, grade 2, ER 
positive, PR positive, HER2 negative).
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Pacemaker with Artifact Obscuring a Lesion.—CEM may 
be performed in lieu of MRI in patients with incompatible 
devices such as cardiac pacemakers. However, implantable 
devices may result in limited visualization of the over- or 
underlying breast tissue, difficulties with positioning, less 
compression, and more motion (68). Recombined CEM im-
ages can show a dark halo artifact around the high-attenua-
tion pacemaker (52). At our institution, we have also noted a 
large, square, pixilated appearance throughout all or portions 
of the breast when the pacemaker is in the FOV, which is 
thought to be due to the CEM reconstruction algorithm (Fig 
18). To reduce these artifacts, the pacemaker should be posi-
tioned off the FOV (Fig S2).

Errors of Characterization: Lesions with Seemingly 
Benign Features at CEM
Errors of characterization are a type of cognitive, or interpre-
tive, error in breast imaging in which a finding was identified 
but misinterpreted or mischaracterized as benign. False neg-
atives can result when a lesion has a perceived benign shape 
or morphology (69,70). Although round or oval masses with 
circumscribed margins are commonly associated with benig-
nity, these features can also be associated with malignancy, 
especially in patients who are BRCA mutation carriers and in 
triple-negative invasive ductal carcinoma (71). Another exam-
ple of a false-negative CEM finding includes attributing the 
perceived enhancement to BPE. To reduce errors of character-
ization at CEM, a multidimensional approach should be used, 
including specific training in CEM, self-audits of biopsies and 
radiologic-pathologic correlation, peer review, and continuing 
education courses (70).

Pearls for the Reader

Real-Time Imaging
Artifacts can occur in up to 10% of CEM examinations, either 
on the LE image alone, on the recombined image alone, or on 
both the LE and recombined images (72). Most are subtle and 
rarely cause clinical confusion. However, some artifacts, such 
as the pacemaker-caused artifact (Fig S2), can result in nondi-
agnostic recombined CEM images.

Meticulous attention to proper mammographic technique 
and rapid identification of artifacts are key. When possible, 
real-time interpretation of CEM images is ideal. If additional 
views are necessary, they may be obtained while contrast ma-
terial is still in the breast parenchyma. Ideally, contrast-en-
hanced images are obtained within 10 minutes after injection; 
however, newer studies suggest that delayed imaging for up to 
1 hour may still result in diagnostic views (17).

CEM BI-RADS Lexicon and Suspicious Features
In 2022, the American College of Radiology released a CEM 
Breast Imaging Reporting and Data System (BI-RADS) atlas 
and lexicon to facilitate standardization of CEM interpreta-
tion and reporting (34). Per the BI-RADS atlas, CEM findings 
should be divided into three broad categories, and it should 
be stated in the report where each finding fits into these cat-
egories: LE images only (standard FFDM equivalent), en-
hancement on recombined images only, or findings seen on 
LE images with associated enhancement on recombined im-
ages (34).

Using these three categories, Amir et al (10) evaluated im-
aging characteristics of true-positive and false-positive findings 

Figure 16. Residual ductal carcinoma in situ (DCIS) in a 
63-year-old woman who underwent left lumpectomy for DCIS 
(grade 3, ER positive, PR positive) but had positive margins at 
initial lumpectomy pathologic analysis and again along the ante-
rior, lateral, and inferior margins at re-excision. The most recent 
excision was 4 days before CEM. (A) Left breast CC LE image 
shows postoperative changes, with a large fluid collection (se-
roma or hematoma) (arrows) in the operative bed and a low-den-
sity area (*) posteriorly, which is likely postoperative air in the 
lumpectomy cavity. (B) Left breast CC recombined image shows 
predominantly smooth rim enhancement (arrowheads) around 
both the low-density and higher-density collections. While this 
may represent benign postprocedure inflammatory changes, 
the complexity of large collections with overlapping areas of rim 
enhancement limits evaluation for residual disease. The patient 
subsequently underwent mastectomy, which demonstrated 
residual DCIS, with the largest focus along the lateral margin of 
the prior lumpectomy bed.
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at CEM, and their results can help inform radiologists’ man-
agement of these findings. For example, a true-positive result 
was less likely when the finding was on only LE images (4%) 
or on only recombined images (12%), compared with a finding 

seen on both LE and recombined images (31%). This makes a 
lesion seen on both LE and recombined images 12.5 times more 
likely to be a true-positive cancer than a lesion seen on only LE 
images (10).

Figure 17. DCIS and metastatic invasive ductal carcinoma in a 36-year-old pregnant woman with a palpable lump in the right breast. Diagnostic mammog-
raphy (not shown) showed pleomorphic calcifications in the lower outer breast, which were biopsy-proven DCIS (grade 3, ER positive, PR positive). The 
palpable abnormality corresponded to enlarged axillary lymph nodes, which were biopsied; pathologic analysis yielded metastatic invasive ductal carcinoma 
(grade 2, ER positive, PR positive, HER2 negative). CEM was performed for preoperative planning. (A, B) Right breast CC (A) and MLO (B) LE images show 
extensive pleomorphic calcifications (best seen on the zoomed-in inset in B), with a ribbon biopsy clip (arrow in A) denoting the site of biopsy-proven DCIS. 
Multiple enlarged axillary lymph nodes are visualized (arrow in B), consistent with biopsy-proven metastatic disease. (C, D) Right breast CC (C) and mediolat-
eral (D) recombined images show moderate BPE and enlarged enhancing axillary lymph nodes (arrowhead in D). Otherwise, there is no suspicious enhance-
ment. (E) Left MLO recombined image shows moderate BPE but no suspicious enhancement.



December 2023	 Carnahan et al

Volume 43 Number 12 	 16	 radiographics.rsna.org

When a lesion was seen on only LE or recombined images, 
true-positive results were not associated with any specific 
type of LE (standard mammography) or CEM enhancement 
descriptors. However, among lesions seen on both LE and 
recombined images, the type of LE finding was important: 
calcifications (80%) and asymmetries (46%) were more likely 
to be a true-positive cancer than a mass (11%) or distortions 
(0%) (10).

Overall, this suggests that when an enhancing lesion has 
an LE correlate, the specific LE descriptor can reinforce ra-
diologists’ decision to perform additional imaging or biopsy. 
Furthermore, when a CEM finding has a correlate at US or 
MRI, this should also help confirm the level of suspicion. A 
true-positive CEM result was more likely in lesions with a 
suspicious US correlate than in those without (36% vs 9%,  
P = .1) and also more likely in lesions with a suspicious MRI 
correlate than in those without (18% vs 2%, P = .02) (10).

In the study by Amir et al (10), 50% of the cancers were vis-
ible on only recombined images (no LE correlate); therefore, 
findings seen on only recombined images should not be ig-
nored. In a study on preoperative staging to evaluate for addi-
tional sites of disease, the authors reported that an enhancing 
lesion at CEM was significantly more likely to be malignant 
than an enhancing lesion at MRI (positive predictive value 
[PPV] 97% vs 85%, P < .01) (7). Together, these data suggest that 
CEM enhancement is suspicious and should not be dismissed.

The Most Suspicious Finding Trumps Lack of 
Enhancement
Although enhancement at CEM is suspicious, as noted ear-
lier, sometimes technical factors due to positioning or artifacts 

Figure 18. Invasive ductal carcinoma in a 41-year-old woman who presented for diagnostic 
breast imaging after a breast mass was noted at cardiac PET/CT (not shown). (A) Left breast 
medially exaggerated CC (XCCM) LE image shows a mass (arrow) posterior to the pace-
maker. (B) Left breast XCCM recombined image shows prominent dark halo artifact around 
the high-attenuation pacemaker, limiting evaluation of the mass noted on the LE image. 
There are also large, square, pixilated artifacts noted in the remainder of the breast. (C) Left 
MLO LE image shows a mass (arrow) cranial to the pacemaker. (D) Left MLO recombined 
image shows that the mass (arrow) has minimal internal enhancement and peripheral neg-
ative enhancement; this lack of enhancement may be due to artifact from the pacemaker. 
Despite multiple attempts at repositioning, the pacemaker could not be excluded off the 
FOV. US-guided biopsy (not shown) demonstrated invasive ductal carcinoma (grade 2, ER 
positive, PR positive, HER2 negative).
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obscure the area of interest on recombined images. Low-
grade malignancies may not show enhancement. Therefore, 
in lesions without CEM enhancement (Fig 17), the decision 
to pursue core needle biopsy should be based on the most sus-
picious imaging feature at CEM (LE or recombined images) 
or US. Remembering that the most suspicious feature should 
always guide management can help reduce false negatives 
when interpreting CEM studies.

Emerging Research
Until recently, a limitation of CEM was lack of CEM-guided 
biopsy capability, especially if MRI or MRI-guided biopsy 
was not available or the patient could not tolerate MRI. In 
2020, the U.S. Food and Drug Administration cleared two 
devices to support CEM-guided biopsy using stereotactic bi-
opsy (73,74). Figure S3 presents an example of CEM-guided 
biopsy. Ongoing clinical trials are being conducted, but pre-
liminary results are promising and demonstrate that CEM-
guided biopsy is a technically feasible and relatively quick 
procedure and has high patient satisfaction (98%) (17,75). 
As future work evolves, CEM and CEM-guided biopsy could 
provide a cost-effective and relatively fast core needle bi-
opsy mechanism for patients without access to MRI or MRI-
guided biopsy.

Conclusion
CEM is a relatively new imaging modality proven to have 
unique advantages in characterizing and detecting breast 
lesions. CEM has slightly superior specificity for cancer de-
tection to that of breast MRI and relatively similar sensitivity 
(4–10). To maximize its efficacy, it is important to understand 
pathologic conditions and technical considerations that result 
in false positives and false negatives at CEM.

False positives depend on vascularity and can be seen in 
the setting of enhancing benign lesions, infectious or inflam-
matory lesions, or contrast material contamination artifact. 
False negatives can result from inadequate or incomplete in-
clusion of a lesion, obscuration of a lesion due to BPE, ab-
sence of contrast enhancement of a malignancy, or character-
ization errors.

Understanding the causes of false positives and false neg-
atives at CEM is not only critical for improving cancer detec-
tion and avoiding false-positive imaging workup, follow-up, 
or biopsy of benign lesions, but awareness can also be used by 
radiologists and technologists to optimize imaging technique 
and help overcome pitfalls in practice.
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