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Abstract

Background: Mammographic focal asymmetry represents normal breast tissue, benign, or malignant lesions.
Accurate characterization is important for better management. The study evaluates diagnostic accuracy of contrast-
enhanced digital mammography (CEDM) for characterization of focal asymmetries seen in 2D mammography.

Results: The study was done prospectively on 38 females among 360 patients who underwent baseline
sonomammographic assessment for diagnostic and screening purposes. Complementary ultrasound was performed
only when a finding was detected in cases of screening mammograms. Focal asymmetries were evaluated
according to Breast Imaging Reporting and Data System (BI-RADS) lexicon 2013. CEDM was performed and
followed by ultrasound (US) guided core biopsy for solid lesions or aspiration for cystic lesions. CEDM processing
resulted in recombined image showing enhancing abnormality. Low energy image and recombined image findings
were analyzed blindly and classified into focus enhancement, mass enhancement, non-mass enhancement, and
non-enhanced lesions. CEDM and sonomammography findings were compared regarding pathological probability
and multiplicity. Histopathology was the reference standard.
Mass enhancement showed strong correlation with malignant pathology. Non-mass enhancement showed no
correlation with particular pathology. All non-enhanced focal asymmetries were benign in pathology or normal
tissue. Rim enhancement needed second look ultrasound evaluation. CEDM was superior to sonomammography
with higher sensitivity (77.8%, 65.7% respectively), NPV (0.8, 0.6), accuracy (0.6, 0.2) but lower specificity (81.8% vs.
100%). Multiplicity detection by CEDM was 26.3% and by sonomammography was 10.5%.

Conclusion: CEDM is more accurate than sonomammography in determination of normal tissue, benign, or
malignant lesions in cases of mammographic focal asymmetry. CEDM is more accurate in detection of multiplicity.
Undesired biopsies were avoidable with proper management of suspicious and malignant lesions.
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Background
Mammography is the cornerstone screening tool for
breast cancer. The earliest sign of breast cancer can be
depicted on a mammogram [1]. Focal asymmetry is a
mammographic asymmetric density seen on two projec-
tions, hence, a real finding rather than superimposition
[2]. It may represent normal tissue, benign or malignant
lesions, or architectural distortion [3].
CEDM provides morphologic and functional informa-

tion enabling distinguishing malignant from benign le-
sions [4]. CEDM provides immediately available,
clinically useful information that change the diagnostic
and treatment strategy. CEDM improves sensitivity, spe-
cificity, and accuracy for breast cancer detection and sta-
ging [5].
There are many reports investigating the value of

CEDM in the assessment of breast lesions [3, 6, 7]. How-
ever, few papers assessed its value in cases of mammo-
graphic focal asymmetry in particular to verify the
pathological nature of those lesions [8].
The aim of the study is to evaluate diagnostic accuracy

of CEDM for characterization of mammographic focal
asymmetries.

Methods
After the institutional ethical committee approval, a pro-
spective study was performed between January and March
2019. The procedure was explained for each patient and
written informed consent was signed. The study was per-
formed at the breast radiology clinic including patients
presented to the breast surgery clinic complaining of palp-
able mass, nipple discharge, or mastalgia or seeking
screening. They underwent full history and clinical evalu-
ation. Among 360 patients who underwent baseline sono-
mammographic assessment for diagnostic and screening
purposes, only 38 female patients proved to have focal
asymmetry. Their age ranged between 26 and 72 years old.
Following the American Society of Breast Surgeons, a

mammogram was routinely done when the patient was
35 years or above [9]. In screening cases, complementary
ultrasound was performed only when the finding of focal
asymmetry was detected and hence included in our study.
We had only three cases below 35 years who complained
of palpable breast masses and hence were initially assessed
by US, followed by CEDM. One case out of three was di-
agnosed by biopsy as malignant and was scheduled for
CEDM to assess multiplicity; the other 2 cases had posi-
tive family history and palpable findings and planned for
CEDM where focal asymmetry was detected in the low
energy images.

Procedure details
After complete menstrual, medical, and family history
taking, ultrasound and 2D mammography were per-
formed by using ultrasonic machine (Samsung Accuvix
XG) and full-field digital mammographic machine (GE
Pristina). At least 2 mammographic views are usually ac-
quired mainly craniocaudal and mediolateral oblique
views. Before contrast administration, serum creatinine
was checked with calculation of estimated GFR. Patients
were asked to be fasting 6-8 h before the examination.
Neck apron was applied and a wide bore cannula was
inserted in the arm. Iodinated contrast material was
injected.
CEDM as a dual-energy technique was applied. Low-

and high-energy images were obtained after contrast in-
jection and subtraction of pre-contrast from the post-
contrast images [10].
Technique started by contrast injection followed by

compression of the appropriate breast into the desired
projection. Acquisitions were performed at 2, 4, 6, and 8
min with breath holding. Additional projections can be
acquired at 10 min. Each acquisition was formed of high
and low energy images 20 s in between. Breast can be
uncompressed between acquisitions. Visibility of lesions
decreases by time due to wash out. The background in

Table 1 Data representing CEDM, pathological, and sonomammographic (BIRADS) findings

No. Pathological diagnosis BIRADS

Pathological types of benign lesions (no.) Pathological types of malignant lesions (no.) a 1 3 4-5 6

Enhancing mass 24 3 Fibroadenoma (2) 21 IDC (18) 22 2

IDC + ILC (1)

IDC + DCIS (1)

ILC (1)Abscess (1)

Non-mass enhancement 8 6 Abscesses (3) 2 2 IDC 1 7 0

Granulomatous mastitis (3)

Enhancing focus 1 1 Abscesses (1) 0 1 0

No enhancement 5 3 EDH (1) 2 2 0 3 0

Fibroadenoma (2)

IDC invasive duct carcinoma, ILC invasive lobular carcinoma, DCIS ductal carcinoma in situ, EDH epithelial ductal hyperplasia
aIndicate additional two cases with no abnormal breast tissue by 2nd look ultrasound
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low-energy image is subtracted and the high energy of
contrast persists, allowing visibility of any enhancing ab-
normality [11].
In our study, images were obtained by modified full-

field digital mammography equipment. Contrast media,
Omnipaque 300 ml (1.5 mL/kg) was administered intra-
venously and manually followed by saline bolus. The
breast was compressed properly and patient was asked
to stop breathing. Decompression between exposures
was allowed. Acquisition of the low energy image (26-32
kVp) and high energy image (45–49 kVp) was performed
after 2 min from starting of injection in the following
order CC view of the diseased side (2 min), CC of the
normal side (4 min), MLO view of the diseased side (6

min) then MLO of contralateral side (8 min). Image of
the diseased side could be taken at 10 min if needed.
Low energy images were evaluated for soft tissue and
calcification details and recombined images were evalu-
ated for any abnormal enhancement. Reading of low en-
ergy before and after CEDM was done by two different
readers to avoid bias.

Data analysis, reporting, and interpretation
Sonomammographic and CEDM analysis were per-
formed independently by two authors who were blinded
to the final pathological diagnosis. Sonomammographic
findings were classified according to BI-RADS, while the
recombined energy image of CEDM was analyzed ac-
cording to MRI lexicon and classified into focal enhan-
cing lesion, mass enhancing lesions and non-mass
enhancing lesions, and non-enhancing lesions.
Benign descriptors of mass enhancing lesions are cir-

cumscribed margin, regular shape, homogenous pattern,
and faint enhancement. Suspicious descriptors are ir-
regular shape, irregular or speculated margin, heteroge-
neous pattern, and moderate or intense enhancement.
The most suspicious descriptors of mass enhancing le-
sions are irregular or speculated margin and irregular

Table 2 CEDM, sonomammography, and pathology frequencies
and percent

CEDM Sonomammography Pathology

Number (%) Number (%) Number (%)

Benign 7 (18.4%) 1 (2.6%) 13 (34.2%)

Malignant 29 (76.3%) 36 (92.1%) 23 (60.5%)

Normal 2 (5.2%) 25(5.2%) 2 (5.2%)

Total 38 (100%) 38 (100%) 38 (100%)

Fig. 1 A case of invasive ductal carcinoma grade II. Image (a) shows left focal asymmetry by low energy, (b) shows an irregular speculated
margin hypoechoic lesion on ultrasound. c Recombined image of CEDM showing enhancing mass lesion of irregular shape, irregular margin, and
intense enhancement
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shape. Benign descriptors of non-mass enhancing lesions
are symmetrical, multi-regional, or diffuse disruption
and homogenous enhancement. Suspicious descriptors
are asymmetry, focal, ductal, segmental or regional dis-
tribution, and heterogeneous or clumped enhancement.
The most suspicious descriptors of non-mass enhancing
lesions are ductal, segmental, and focal distributions.
Also, regional distribution with heterogeneous pattern is
considered intermediately suspicious. Rim enhancement
is an equivocal enhancement. As regard enhanced focus,
the most suspicious descriptor for enhancing focus is
the intensity of enhancement rather than multiplicity.
Lesion multiplicity by sonomammography and CEDM
was documented.
CEDM was followed by ultrasound-guided core biopsy

for solid lesions or aspiration for cystic lesions. Second
look US and reviewing low energy images were
mandatory in suspicious enhancing lesions or rim en-
hancement. In cases of undetectable lesions by neither

CEDM nor second look US, screening follow-up was
done every 6 months for 2 years for high-risk patients.
Sonomammographic and CEDM findings were com-

pared to pathological results. Multiplicity in sonomam-
mography and CEDM also was compared.
Data was processed statistically using IBM SPSS Statis-

tics 21 and presented in tables and figures.

Results
Sonographic findings
Findings were classified according to BI-RADS as shown
in Table 1.
BI-RADS probabilities revealed malignancy, benignity,

and normal findings as in Table 2.

CEDM findings

1 Enhancing mass was the most common pattern. It
was seen in 24 patients (63.1%) (Figs. 1, 2, 3, 4).

Fig. 2 A case of left multiple fibroadenomas presented in (a) as left upper outer and inner quadrants focal asymmetries in low energy image. b
Ultrasound images of regular smoothly marginated hypoechoic fibroadenomas. c Recombined image of CEDM showing multiple mass enhancing
lesions with internal non enhanced septae
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CEDM lesion descriptors showed marked
predilection to malignant features. Irregular margin
was seen in 22 patients (91.7%) who were diagnosed
pathologically as 21 malignant and 1 benign. The
irregular shape and moderate and intense
enhancement were seen in 21 patients (87.5%)
classified pathologically into 19 malignant and 2
benign. Heterogeneous enhancement was noticed in
14 patients (58.3%). All of them categorized as true
or suspicious malignant lesions by
sonomammography and proved as malignant
(Table 1).

2 Non-mass enhancement (Fig. 5) was detected in 8
patients (21%). According to CEDM descriptors,
non-mass enhancing lesions showed predilection to
malignant features. Seven patients revealed
suspicious distribution (ductal, segmental, and
regional). They were diagnosed pathologically as 1
malignant and 6 benign cases. In contrast, only one
case showed benign distribution (multiregional) and
proved as malignant. As regard pattern of enhance-
ment, 5 out of 8 cases (62.5%) showed moderate or

intense enhancement and proved pathologically as 2
malignant and 3 benign cases. All non-mass
enhancing lesions showed heterogeneous
enhancement. Sonomammography showed
predominant suspicious malignant lesions in
contrast to predominant benign histopathology
(Table 1).

3 Enhancing foci were detected in only one case. It
represented a benign inflammatory condition; foci
were of irregular shape, irregular margin, and faint
enhancement. Associated small abscesses appeared
as rim enhancements. Sonomammography and
pathological diagnosis are seen in Table 1.

4 Non-enhancement was detected in 5 cases (13%).
Three cases were BIRADS 4 and proved to be
benign by histopathology. The rest 2 non-enhanced
cases were BI-RADS 1 by US (Table 1) (Fig. 6).

Collectively, CEDM probabilities revealed malignancy,
benignity, and normal findings as in Table 2.
A positive moderate correlation (0.6) was found be-

tween lesions in CEDM and pathology. Most of

Fig. 3 A case of invasive ductal carcinoma represented by left focal asymmetry (a) and shows an irregular speculated margin hypoechoic mass
on ultrasound (b). Recombined image of CEDM shows a mass with ring enhancement in the recombined image (c)
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malignant pathology was detected as mass enhancement
while benign pathology and normality were proved in
non-enhanced lesions. Most of lesions were diagnosed
pathologically as IDC and showed moderate or intense
enhancement.

Pathological findings
Most of the malignant findings were invasive ductal car-
cinoma (IDC), while abscess was the most common be-
nign finding followed by fibroadenoma. Two cases were
categorized as normal breast tissue as they did not show
any enhancement or sonographic findings despite the
presenting mammographic focal asymmetry, suggesting
normal breast tissue.
CEDM and sonomammographic probabilities were

compared to the pathological diagnosis as the reference
standard in Table 2.
CEDM indices were compared to sonomammographic

indices. CEDM had higher sensitivity, NPV, false-
positive results; however, sonomammography had higher
specificity, PPV, and false-negative results (Table 3).

Compared multiplicity detection by sonomammogra-
phy and CEDM revealed that more multiple lesions de-
tection by CEDM (26.3%) than sonomammography
(10.5%) with a moderate degree of accuracy in multipli-
city detection is noticed in CEDM (0.49).

Discussion
The study aimed to evaluate diagnostic accuracy of CEDM
for characterization of focal asymmetries in 2D mammog-
raphy. Few studies evaluated this topic and most of them
have investigated asymmetry in general [3, 7, 8]. However,
this study focused exclusively on focal asymmetry. The
overall results of our study confirmed the higher diagnos-
tic accuracy of CEDM with second-look US than sono-
mammography only.
MRI lexicon for morphological analysis according to

ACR 2018 classifies the lesions in subtracted images into
focus, mass, and non-mass enhancement [12]. Our re-
sults showed a positive moderate correlation between le-
sions in CEDM and pathology (0.6) as majority of
malignant pathology was detected as mass enhancement
particularly and benign pathology and normality in non-

a

c

b

Fig. 4 A case of invasive duct carcinoma grade II showing in low energy image left focal asymmetry with suspicious calcifications (a). b
Ultrasound shows an irregular mass lesion with superimposed microcalcifications. c Recombined image of CEDM shows two suspicious faintly
enhancing mass lesions with irregular shape and speculated margins in the recombined image
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enhanced lesions. A recent study documented a signifi-
cant correlation between asymmetry showing “mass or
non-mass enhancement” and malignancy and between
non-enhancing findings and benign pathology [8].
CEDM has the potential to depict angiogenesis, which is
more pronounced in IDC [13, 14]. As in our study, most
of moderate or intense enhanced lesions were IDC.
As regard mass enhancement descriptors, the highest

incidence of malignant lesions was correlated to irregular
margin followed by irregular shape then intensity of
enhancement and finally pattern of enhancement. A
smooth circumscribed margin is seen in benign lesions
versus a speculated or irregular margin seen in malignancy;
heterogeneous enhancement pattern was exhibited mostly
by malignant lesions. Dark septa are seen in fibroadenomas,
which agree with other documentations [12, 15, 16]. Mass
with rim enhancement is an unreliable sign in predicting
malignancy. Ultrasound assessment of wall nodularity and
thickness is vital [12, 15, 16]. In our finding about rim
enhancement, one case was IDC and 4 cases were benign,
namely, 3 abscesses cases and 1 granulomatous mastitis.
As regard non-mass enhancement descriptors in our

study, suspicious heterogeneous pattern with segmental
and regional distributions showed benign pathology and
a single case of unilateral multiregional enhancement

was malignant by pathology. In contrast to other litera-
tures noticed the strong correlation between ductal/lin-
ear, segmental, focal distributions and heterogonous and
clumped patterns with malignant pathology but regional,
bilateral multiregional, and diffuse distribution were re-
lated to benignity [6, 12, 17]. Assessment of non-mass
morphological descriptors is more subjective and gives
more false-positive results [6].
Moreover, weak or absent enhancement characterizes

benign lesions which agrees with our study as 4 cases of
faint enhancement were benign lesions and all 5 non-
enhancing lesions were benign lesions or representing
normal parenchymal enhancement [13].
Invasive ductal carcinoma was described in a recent

study as an intensely enhancing mass with speculated
and irregular margins in majority of enhancing masses
and much less presented as non-mass enhancement or
non-enhancement and displayed no ring enhancement
which partially agrees with our study as IDC presented
as an intense or moderate enhancing mass with specu-
lated and irregular margins in 95% of cases and as non-
mass enhancement in 25% of cases, but rim enhance-
ment was noticed in only one case of IDC [14].
The study showed that the case of faintly enhanced

multiple foci was abscess which agrees with a recent

Fig. 5 A case of periductal mastitis with left focal asymmetry seen in digital mammography (a). b Ultrasound showed a focal area of increased
echogenicity with a cystic lesion inside. c Recombined image of CEDM showing non-mass enhancement with associated rim enhancement
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study revealed that the intense enhancement is the dis-
criminating element in focus enhancement. Some stud-
ies reported that the faint bilateral foci could be
considered as normal background parenchymal en-
hancement (BPE) after low energy images review and
second look US [6, 7, 16].
Microcalcifications with enhancement are favorable to

malignant diagnosis, however, lack of enhancement may
be diagnostic for non-malignant lesions or noninvasive

subgroup cancers [4, 17]. Amorphous or pleomorphic
calcifications +/− mass on mammograms have high can-
cer prediction rate of DCIS lesions showing weak en-
hancement [13]. Previous studies are comparable to our
study, which showed 12 cases of calcifications with
mammographic focal asymmetry. Nine cases of suspi-
cious calcifications showed intense and moderate enhan-
cing mass (IDC).
When compared to sonomammography, CEDM

showed higher sensitivity (77.8% vs. 65.7), NPV (60% vs.
20%), and accuracy (0.6 vs. 0.2), yet lower specificity
(81.8% vs. 100%) and PPV (91.3% vs 100%). Our study
agrees with another study comparing CEDM to digital
mammography in terms of sensitivity (90.6% vs. 83.11%)
and NPV (0.8 vs. 0.6), while disagrees in terms of specifi-
city (97.7% vs. 60.4%) and PPV (98.5 vs. 79) (14). In our
study, the higher sensitivity of CEDM reflected the
higher value in diagnosis of true malignant cases, while
higher specificity of sonomammography reflected higher
ability in detection of true benign cases. However, speci-
ficity of CEDM in our study was less than

a

c

b

Fig. 6 A case presented with palpable lump at upper inner quadrant showing left focal asymmetry in CC (a) and MLO (b) views. US showed
condensed glandular tissue. CEDM was requested by patient for reassurance and showed no enhancement in recombined image (c). Patient was
reassured and recommended for routine follow-up

Table 3 Sonomammography vs. CEDM indices

Sonomammography CEDM

Sensitivity 65.7% (23/35) 77.8% (21/27)

Specificity 100.0% (3/3) 81.8% (9/11)

PPV 100.0% (23/23) 91.3% (21/23)

NPV 20% (3/15) 60% (9/15)

False positive 0% (0/3) 18.2% (2/9)

False negative 34.3% (12/35) 22.2% (6/27)

Accuracy 0.17 0.58
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sonomammography, but it is still acceptable and could
be easily improved. PPV of sonomammography reflected
the prominent malignant features by sonomammography
more than CEDM and better chance for malignancy de-
tection by combination of the 2 modalities. NPV of
CEDM was much higher reflecting its higher value in
diagnosis of negative or benign cases and avoidance of
unnecessary biopsies.
No false-positive cases were detected by sonomammo-

graphy but only 2 in CEDM (abscess and fibroadenoma),
which could be improved by more working up on this
new modality and more experience of readers. False-
negative cases by CEDM were much less, reflecting over-
estimation of the focal asymmetry by sonomammogra-
phy. CEDM has higher accuracy when compared to
sonomammography (0.6 and 0.2 respectively) reflecting
its higher reliability.
CEDM can detect multiple and bilateral lesions and it

is recommended in high-risk patients [18, 19]. The de-
tection rate of multiplicity was higher in CEDM than
sonomammography.
Some limitations were found in our study such as sub-

jective assessment of the degree of enhancement on
CEDM, the small number of patients in particular sub-
groups, as microcalcifications (8 cases) or in situ cancers
(1 case), in addition to manual injection of contrast
which hindered kinetic assessment of the lesions.

Conclusion
CEDM is more accurate and sensitive than 2D mam-
mography in determination of normal tissue, benign, or
malignant lesions and in detection of multiplicity in
cases of mammographic focal asymmetry. A strong cor-
relation was found between mass enhancement and ma-
lignancy as well as non-enhancement and benignity and
normality. However, no correlation was found between
non-mass enhancement and pathology. CEDM showed
higher accuracy in detection of multiplicity. Undesired
biopsies were avoidable with proper management of sus-
picious and malignant lesions.
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