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INTRODUCTION
Screening and diagnostic mammography assessments 
encounter many presentations as masses, calcifications, 
distortion and asymmetries. Asymmetry commonly seen in 
healthy females, however in some cases it may be a presen-
tation of underlying malignant disease. Thus, thoroughly 
reviewing mammograms is crucial when breast asymmetry 
is present.1

The Breast Imaging Reporting and Data System has set 
definitions related to breast asymmetry; focal asymmetry 
is when the same features are observable on standard 
mammographic views, occupying less than a single quad-
rant, but lacking convex margins and containing inter-
spersed fat. Asymmetry shares similarities with focal 
asymmetry, yet it is only visible on one of the standard 
mammography views. Conversely, developing asymmetry 

is focal asymmetry not present on previous mammograms 
and is more conspicuous or displays increases in size.2

The American College of Radiology Breast Imaging 
Reporting and Data System (BI-RADS) lexicon has updated 
its guidelines regarding asymmetric breast findings. The 
nomenclature in the fourth edition replaced “asymmetric 
breast tissue” with “global asymmetry,” “density seen in only 
a single projection” with “asymmetry” and “focal asym-
metric density” with “focal asymmetry.” The evaluation of a 
perceived asymmetry, whether it is a definite lesion or not, 
remains a diagnostic challenge.1

The incidence of asymmetric findings on screening 
mammograms varies, where focal asymmetry was reported 
in 0.87%,2 asymmetry was found in 3.3% and developing 
asymmetry was observed in 0.16% of screens, with the 
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Objective: To evaluate the clinical performance of 
contrast-enhanced spectral mammography (CESM) on 
asymmetries detected on a mammogram (MG).
Methods: This study was approved by the Scientific 
Research Review Board of the Radiology Department, 
and waiver of informed consent was applied for the uses 
of data of the included cases. The study included 125 
female patients,33 (26.4%) who presented for screening 
and 92 (73.6%) who presented for a diagnostic MG. 
All had breast asymmetries on MG. Ultrasound exami-
nation and CESM using dual-energy acquisitions were 
performed for all patients.
Results: In all, 88/125 (70.4%) females had focal asym-
metry (seen in two views and occupying less than a quad-
rant), 26/125 (20.8%) had global asymmetry (occupying 
more than one quadrant), 10/125 (8%) had asymmetry 
(seen in a single view and occupying less than a quad-
rant), and 1/125 had developing asymmetry (0.8%) (not 

present in the previous MG). Malignant lesions repre-
sented 91 cases, benign lesions represented 30 cases, 
and 4 cases were high-risk lesions. CESM sensitivity was 
100% (vs 97.8 % for sono-mammography), specificity 
was 55.88% (vs 81.8% for sono-mammography), and the 
positive- and negative-predictive values were 85.85 and 
100% (vs 93.7 and 93% for sono-mammography respec-
tively) .
Conclusion: In our study, we conclude that focal and 
global asymmetries with other suspicious mammographic 
findings were statistically significant for malignancy and 
CESM played an important role in delineating tumor size 
and extension. Any non-enhancing asymmetrical density 
correlated with a benign pathology, if not associated 
with other suspicious imaging findings.
Advances in knowledge:  Our study is the first to explore 
the added value of CESM to asymmetries detected in 
screening and diagnostic mammography.
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latter comprising 0.11% of diagnostic mammogram findings.3,4 
Still, these lesions comprise a minor percentage of screening-de-
tected breast malignancy.

Digital mammography is considered the most consistent 
imaging modality utilized in the early detection of breast cancer. 
Dense breasts still represent a challenge, as they are associated 
with limited mammographic sensitivity and specificity when 
detecting and characterizing breast lesions.3 Contrast-enhanced 
spectral mammography (CESM) is an evolving technology 
budding from digital mammography; it includes information 
from tumor angiogenesis to improve the sensitivity of breast 
lesion characterization.4

Contrast-enhanced MRI (MRI) is currently considered a sensi-
tive imaging tool for breast cancer detection, but it carries the 
burdens of limited availability and high costs. Conversely, CESM 
is a rapid scanning technique and is available in the mammog-
raphy suite, thus saving time and there is no need for appointment 
reservation.5 In our study, we evaluated the clinical performance 
of CESM on asymmetry detected during mammography.

METHODS AND MATERIALS
Patients
This study is a retrospective analysis that included 125 females, 
33 (26.4%) of whom presented for screening and 92 (73.6%) of 
whom were symptomatic and referred from the clinic for a diag-
nostic mammogram in the period spanning from March 2015 to 
March 2016. The patients’ ages ranged from 25 to 81 years (mean: 
48.87 years). None of the patients were treated with hormone 
replacement therapy. The study was approved by “Baheya Centre 
for Early Detection and Treatment of Breast Cancer” ethics 
committee and all enrolled patients provided their informed 
consent. During the mammogram, contrast injection was used 
to further evaluate any detected asymmetries. Patients with renal 
impairment, pregnant patients, and those with a history of allergy 
to contrast media were excluded from the study. The remaining 
patients were eligible to undergo CESM, the requirement to 
obtain informed consent was waived by our ethics committee. 
Compression magnification views were applied and revealed 
fibroglandular tissue in five cases presenting with focal asym-
metries and these patients were scheduled for annual follow-up. 
Complementary ultrasound examination was performed for all 
cases. In our study, the reference standard was histopathology 
after ultrasound-guided true-cut biopsy and follow up for five 
cases.

Contrast-enhanced spectral mammography system
Dual-energy (CESM)was performed using Senographe Essential, 
(Seno DS; GE, Buc, France) which obtained low-energy images 
that were comparable to the standard mammography image, and 
high-energy images were also acquired to show the contrast-en-
hanced areas for each mammography view.

Examination technique
The examination was performed with a digital mammography 
device developed by GE Healthcare; it allowed for dual-energy 
CESM image acquisition by means of an intravenous injection 

of an iodinated contrast agent (iohexol, 300 mg I/mL) at a dose 
of 1.5 mL/kg before the application of breast compression. This 
was followed by a 2 min wait prior to a mammography exam 
and was performed using the two standard positions (cranio-
caudal and mediolateral oblique views). Low- and high-energy 
images were consecutively acquired in each view. Low-energy 
images were acquired at peak kilovoltage values ranging from 
26 to 31 kVp, which is below the K-edge of iodine. High-energy 
images were acquired at 45–49 kVp, which is above the K-edge 
of iodine. Enhanced images were calculated by weighted loga-
rithmic subtraction of the two images through appropriate image 
processing, thus reducing the visibility of the parenchyma and 
generating contrast-enhanced images.

Iimage analysis
The analysis of sono-mammography and CESM images was 
performed using two different dedicated breast radiologists. The 
radiologists provided a BI-RADS classification for conventional 
mammography and ultrasound examination using the BI-RADS 
lexicon designed by the American College of Radiology.5 Subse-
quently, CESM images were viewed and the radiologists were 
allowed to up- or downgrade their BI-RADS classification. 
Images were analyzed with respect to:

t� Localization and type of asymmetry.
t� Associated distortion, microcalcifications, and skin and nipple 

changes.
t� Assessment of ultrasound-detected masses regarding their 

number, shape, margins, and echogenicity. Any parenchymal 
heterogenicity and enlarged axillary lymph nodes were 
assessed. Any asymmetrical breast density associated with 
other suspicious mammographic or ultrasonographic findings 
was considered suspicious.

t� Regarding CESM images, the presence or absence of contrast 
enhancement of asymmetrical density was assessed. In case 
of enhancement, its morphology——whether as a mass 
(margins, enhancement pattern) or non-mass (ductal, 
segmental, regional, or diffuse enhancement) was analyzed. 
The assessment also included the presence of other enhancing 
lesions in the same breast or on the other side. An ill-
defined mass with heterogeneous enhancement or non-mass 
enhancement (ductal, segmental, regional, or unilateral 
diffuse) were considered suspicious and were categorized as 
BI-RADS four lesions. Well-defined homogenously enhancing 
masses or non-enhancing asymmetries that were not associated 
with other suspicious mammographic findings were scored on 
a scale of 1–3 and were considered benign.

Statistical analysis
Data were coded and entered using the Statistical Package for the 
Social Sciences (SPSS) v. 24 (IBM Corporation, Armonk, NY). 
Data were summarized using the mean, standard deviation, 
median, minimum, and maximum for quantitative data, while 
frequency (count) and relative frequency (percentage) were 
used for categorical data. Standard diagnostic indices including 
sensitivity, specificity, positive-predictive value (PPV), and nega-
tive-predictive value (NPV) were calculated as described by 
Galen. To compare categorical data, a χ2 test was performed. This 
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test was used when the expected frequency was less than 5 (Chan, 
2003). A p-value < 0.05 was considered statistically significant.

RESULTS
Classification of asymmetries
Our study included 125 females; 88/125 (70.4%) females had 
focal asymmetry (seen in two views and occupying less than one 
quadrant), 26/125 (20.8%) had global asymmetry (occupying 
more than one quadrant), 10/125 (8%) had asymmetry (seen in 
a single view and occupying less than one quadrant), and 1/125 
had developing asymmetry (0.8%); not present in the previous 
mammogram.

Malignant lesions represented 91 cases, including 53 cases of 
invasive duct carcinoma, 16 cases of invasive lobular carcinomas 
(ILC), 3 cases of invasive mixed carcinomas, 2 cases of ductal 
carcinomas in situ,15 cases of invasive ductal carcinomas with 
ductalcarcinomas insitu, 1 case of mucinous carcinoma and 1 
case of tubular carcinoma. Four high-risk lesions were recorded, 
including three atypical ductal hyperplasias and one papilloma. 
Benign lesions represented 30 cases, including 5 granulomatous 
mastitis, 5 abscess cavities, 3 mastopathy, 3 fibroadenoma, 3 
ductal hyperplasia, 2 fibrocystic changes 2 fat necrosis, 1 peri-
ductal mastitis and 1 fibroadenomatoid changes. Five cases of 
asymmetries were considered as condensed benign glandular 
tissue and were scheduled for annual follow-up (Table 1).

Further, 23 (26.1%) cases of focal asymmetry were benign and 
65 cases (73.9%) were malignant. 7 (26.9%) out of 26 cases of 
global asymmetry were benign and 19 (73.1%) were malignant. 
Four cases of asymmetry (40%) were benign and six (60%) were 
malignant. The only case of developing asymmetry was malig-
nant (100%) (Table 2).

Other mammographic findings
Other mammographic findings associated with asymmetrical 
densities and their correlation with the final diagnosis are listed 
in Table 3. Among the associated mammographic findings, there 
was a significant correlation between focal asymmetry associ-
ated with distortion, suspicious calcification, skin/nipple changes 
and malignancy. Focal asymmetries with no other associated 
mammographic findings were significantly correlated with a 
benign pathology (p ≤ 0.001).

Asymmetry enhancement pattern
On CESM, enhancing asymmetrical densities represented 114 
(91.2%) cases. Further, 59 out of 114 cases (52%) showed mass 
enhancement, 10 of which (17%) were benign and 49 (83%) of 
which were malignant. In addition, 55 cases (48.2%) showed 
non-mass enhancement,13 (24%) of which were benign and 42 
(76.4%) of which were malignant. Any enhancing asymmetry 
showing a mass or non-mass enhancement was significantly 
correlated with malignant pathology (p ≤ 0.001), with 15 false 
positive cases, as listed in Table 4.

There was a significant correlation between non-enhancing 
asymmetrical findings and benign pathology with no other asso-
ciated suspicious mammographic findings (p ≤ 0.001); this was 

observed in 11 cases (8.8%). The enhancement pattern of breast 
asymmetries and their correlation to the final diagnosis are listed 
in Table  5. Focal asymmetry showing mass enhancement was 
significantly correlated with malignancy, while non-enhancing 
focal asymmetry was correlated with benign pathology (p ≤ 
0.001).

Other detected breast lesions on CESM
26 cases of asymmetrical density had other enhancing malig-
nant lesions. 22 cases had enhancing multifocal/multicentric 
carcinoma on the same side-of the breast asymmetry and 4 

Table 1. Histopathology of 125 cases of asymmetries

Histopathologic diagnosis

Number 
of lesions 
(n = 125)

Malignant lesions 91

Invasive duct carcinoma 53

Invasive lobular carcinoma 16

Invasive ductal with DCIS 15

Invasive mixed carcinoma 3

DCIS 2

Mucinous carcinoma 1

Tubular carcinoma 1

High-risk lesions 4

Atypical ductal hyperplasia 3

Papilloma 1

Benign lesions 30

Granulomatous mastitis 5

Abscess 5

Mastopathy 3

Fibroadenoma 3

Ductal hyperplasia 3

Fibrocystic changes 2

Fat necrosis 2

Fibroadenomatoid changes 1

Periductal mastitis 1

Benign tissue 5

DCIS, ductal carcinoma in situ.

Table 2. Asymmetrical densities and their correlation to their 
final diagnosis

Asymmetry Benign Malignant Total

Focal 23 (26.1%) 65 (73.9%) 88 (70.4%)

Global 7 (26.9%) 19 (73.1%) 26% (20.8%)

Asymmetry 4 (40%) 6 (60%) 10 (8%)

Developing 0 (0%) 1 (100%) 1 (0.8%)

Total 34 (27.2%) 91 (72.8%) 125 (100%)
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cases had bilateral enhancing lesions (3 were malignant lesions 
and 1 was a high-risk lesion). Sono-mammography diagnosed 
17 out of 26 cases of multifocal/multicentric or bilateral malig-
nant lesions.

Diagnostic performance of sono-mammography 
and CESM
Sono-mammography sensitivity, specificity, PPV and NPV 
were 97.8%, 81.8%, 93.7%, and 93%, respectively. CESM sensi-
tivity, specificity, PPV and NPV were 100%, 55.88%, 85.85% 
and 100% respectively, with 15 false-positive and no false-neg-
ative findings.

DISCUSSION
Breast asymmetries encountered during screening and diag-
nostic mammographic evaluation pose a challenge for radiolo-
gists in terms of proper assessment and management.

Our study is the first to evaluate the added value of using CESM 
in detected breast asymmetries in 125 females over the course 
of 1 year.

The increased sensitivity offered by CESM was demonstrated 
by Jochelson et al.6 In their study, the sensitivity of mammog-
raphy increased from 81 to 96%,owing to CESM. Similar 
observations were published by Fallenberg et al, who showed 
that the sensitivity of mammography (82.5%) increased to 
100% owing to CESM.7 The study of Lobbes et al also showed 
an increase in the sensitivity of CESM to 100%, specificity to 
87.7%, PPV to 76.2% and NPV to 100%. The NPV of 100% 
found in this study population suggests that a negative CESM 
can rule out breast cancer.8 The study of Tardivel et al, also 
stated that the high CESM NPV was of great help when 
resolving cases with indeterminate lesions (i.e. BI-RADS 
3 or 4a) by avoiding the additional need for biopsy;9 this 
matched the high sensitivity and high NPV of CESM. All non- 
enhancing asymmetries in our study were of benign histopa-
thology (p ≤ 0.001). Also, in our study, non-enhancing focal 
and global asymmetries on CESM with no associated suspi-
cious mammographic findings were of benign pathology (p 
≤ 0.001). From this, we emphasize that any non-enhancing 
asymmetry on CESM that do not feature any other associ-
ated suspicious mammographic findings can be scheduled for 
follow up rather than biopsy.

Table 3. Mammographic findings of asymmetries and their correlation to the final diagnosis

Other associated mammographic findings Asymmetries

Asymmetry Focal Global Developing

Benign Malignant Benign Malignant Benign Malignant Benign Malignant

Distortion 0 2 5 *34 1 6 0 0

0% −2.20% −14.70% −37.40% −2.90% −6.60% 0% 0%

Suspicious calcifications 0 1 0 *11 0 5 0 0

0% −1.10% 0% −12.10% 0% −5.50% 0% 0%

Skin/nipple changes 2 1 5 *31 3 16 0 0

−5.90% −1.10% −14.70% −34.10% −8.80% −17.60% 0% 0%

Axillary LN 1 1 0 13 1 4 0 0

−2.90% −1.10% 0% −14.30% −2.90% −4.40% 0% 0%

No other findings 1 2 *14 7 4 0 0 1

−2.90% −2.20% −41.20% −7.70% −11.80% 0% 0% −1.10%

LN, lymph node.
34.4%of patients who had focal asymmetry and distortion had a malignancy.
12.1%of patients who had focal asymmetry and suspicious calcifications had a malignancy.
34.1%of patients who had focal asymmetry and skin/nipple changes had a malignancy.
41.2%of patients who had focal asymmetry with no other mammographic findings were considered benign cases.
ap≤0.001

Table 4. Histopathology of 15 CESM false-positive cases

Histopathologic diagnosis

Number 
of lesions 
(n = 15)

High -risk lesions 4

Atypical ductal hyperplasia 3

Papilloma 1

Inflammatory lesions 8

Granulomatous mastitis 4

Abscess 3

Periductal mastitis 1

Benign lesions 3

Fibrocystic mastopathy 1

Fatnecrosis 1
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Dromain et al were able to demonstrate the depiction of tumor 
angiogenesis of breast cancer independent of histologic type.10 
Initial clinical trials,10–13 and the findings that emerged from 
the study of Tradivel et al, have described same false-positives9 
that were encountered in the present study, including fibro-
cystic changes, atypical ductal hyperplasia, adenosis, and stea-
tonecrosis. Bhimani et al, reported that CESM has false-positive 
results that are similar to MRI.14 15 false-positive findings were 
present in our study. 10 of which were categorized as benign 

findings by ultrasound examination (Figure 1). Thus, target ultra-
sound examination can categorize asymmetrical mammographic 
density as benign findings, thus reducing the need for further 
imaging studies and reducing biopsy rates.

Focal asymmetry was the most frequently encountered asymmet-
rical density in the present study. Harvey et al considered focal 
asymmetry as being more suspicious than global asymmetry, 
especially if companion parenchymal distortion is present.15 In 
fact, most of our focal asymmetry cases were malignant, espe-
cially in instances when the focal asymmetry was associated with 
suspicious mammographic findings (p ≤ 0.001). Conversely, 
focal asymmetry cases were more likely to be associated with a 
benign pathology if they did not present with other suspicious 
findings (p ≤ 0.001). All non- enhancing focal asymmetries were 
benign (p ≤ 0.001).

Most of the patients in our study with malignant focal asym-
metry showed mass enhancement in our study (43 cases); 
these individuals were diagnosed using sono-mammography. 
23 malignant cases of focal asymmetry showed non-mass 
enhancement, the extension and size of those depicted nonmass 
enhancement were better delineated by CESM when compared 
to sono-mammography.

Global asymmetry was the second most frequently represented 
asymmetrical density in our study; it was statistically correlated 
with benign findings if it was not associated with other suspi-
cious findings on mammogram (Figure  2). On CESM, non 
-enhancing global asymmetry was associated with benign find-
ings (p ≤ 0.001). Further, 18 out of 26 cases of global asymmetry 
in our study were malignant. CESM was of value in the assess-
ment of size and extension of enhancing global asymmetry due 
to malignant infiltration compared to sono-mammography 
examination (Figure 3). The studies6–8 confirmed the potential of 
CESM in being a reliable alternative to breast MRI in the assess-
ment of the extent of the disease. In our study, 26 cases had other 
enhancing lesions detected by CESM compared to 17 out of 26 
cases detected by sono-mammography. Asymmetric density 
seen only in one plane, as well as developing asymmetry, were 

Figure 1. Low-energy images showing focal asymmetry at the 
right lower inner quadrant, a small well-circumscribed mass at 
the left para-areolar region is also noted (a, b). High-energy 
level images showing an ill-defined, heterogeneous enhanc-
ing lesion corresponding to asymmetry and homogenous 
enhancement of the left mass (c, d). Ultrasound showed mul-
tiple localized collections (e). The pathology was right granu-
lomatous mastitis and left fibroadenoma.

Table 5. The enhancement pattern of breast asymmetries and their correlation to a final diagnosis

Asymmetries
CESM Asymmetry Focal Global Developing

 Benign Malignant Benign Malignant Benign Malignant Benign Malignant

Mass 2 5 7 a 43 1 0 0 1

−5.90% −5.50% −20.60% −47.30% −2.90% 0% 0% −1.10%

Non-mass 0 1 7 23 6 18 0 0

0% −1.10% −20.60% −25.50% −17.60% −19.80% 0% 0%

No enhancement 2 0 a8 0 1 0 0 0

−5.90% 0% −23.50% 0% −2.90% 0% 0% 0%

CESM, contrast-enhanced spectral mammography.
47.3% of patients with malignant focal asymmetry had mass enhancement on CESM.
23.5% of patients with benign focal asymmetry had no enhancement on CESM.
ap≤0.001
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the least represented asymmetries in our study, yet CESM was 
able to better delineate disease extension in two out of six cases 
of malignant asymmetry (Figure 4). Lee et al reported a series of 
86 indeterminate breast lesions in the form of asymmetric breast 

densities or architectural distortion, of which 39 cases (45%) 
were seen in one mammographic plane.17 The authors acknowl-
edged the valuable additional role of breast MRI in solving some 
problematic cases identified by initial mammographic assess-
ment. These cases warranted further histopathological diagnosis 
on positive MR results and follow up of mammographic surveil-
lance on negative MR results.17

In our study, we conclude that focal and global asymmetries 
that present with other suspicious mammographic findings 
were statistically significant with malignancy and CESM played 
important roles in the delineation of tumor size and extension. 
Any non-enhancing asymmetrical densities that correlated 
with a benign pathology did not present with other suspicious 
imaging findings.
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Figure 2. Low-energy level images (a, b) showing left global 
asymmetry. High-energy images (c, d) showing diffuse 
homogenous nonmass enhancement. On ultrasound examina-
tion no parenchymal changes are seen, and only a few small 
scattered cysts with partial turbid fluid contents are evident 
(e). At annual follow up, the left MLQ view showed almost 
complete resolution of the breast asymmetry (f). The pathol-
ogy was fat necrosis. MLQ, mediolateral oblique.

Figure 3. CESM showing left global asymmetry in low-energy 
images with minimal focal skin thickening and enlarged axil-
lary LN (a, b). High-energy level images (c, d) showing diffuse 
heterogeneous nonmass enhancement with better delinea-
tions of tumor size and extension.Heterogeneous hypoechoic 
parenchyma with shadowing is noted on ultrasound exami-
nation (e). The pathology was IDC. CESM,contrast-enhanced 
spectral mammography; IDC, invasive duct carcinoma; 
LN,lymph node.

Figure 4. Asymmetry is seen in the lower region of the right 
breast with overlying skin retraction (MLQ view) (a, b). CESM 
showing regional clumped nonmass enhancement involving 
a larger area than the one seen on sono-mammography (c, 
d). The pathology was DCIS with microinvasion. CESM,con-
trast-enhanced spectral mammography; DCIS, ductal carcino-
mas in situ; MLQ,mediolateral oblique
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