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Abstract 

Background: Primary breast edema can cause marked increase in skin thickness, breast density and echogenicity 
due to dense breast tissue filled with fluid and so causes subsequent significant attenuation of both the x-ray and 
ultrasound beams. The study aim is to assess the value of contrast-enhanced digital mammography (CEDM) in assess-
ment and characterization of the obscured underlying breast lesions in cases of primary breast edema.

Results: Fifty five female participants were evaluated, of median age 51 years old and IQR 21. CEDM shows high 
sensitivity and specificity in the lesion detection as well as local extension delineation in cases associated with primary 
breast edema. It was accurate in detection of multifocal/multi-centric disease. CEDM is considered as a good nega-
tive test in cases of metastatic axillary lymph nodes to exclude and assess any associated obscured breast lesions, as it 
is good in delineating breast masses obscured by condensed parenchymal tissue. The calculated sensitivity of DM & 
CEDM was 87.5%, 95.8%, specificity was 55.5%, 72%, the PPV and NPV were 91, 93.6% and 45%, 77.8%, respectively.

Conclusions: CEDM has an important additional diagnostic value in the assessment, characterization and better 
delineation of breast lesions in primary edematous breast cases.
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Background
Breast edema is common radiologic finding. It is associ-
ated with variety of mammary and extra mammary eti-
ologies. Inflammatory breast carcinoma and infectious 
or non-infectious mastitis are two major reasons arising 
from breast itself [1]. The occurrence of edema signifi-
cantly increased from benign over non-invasive to inva-
sive breast cancer [2].

The mammographic findings of edematous breast 
changes are in form of increase skin thickness and 
increased parenchyma density as well as accentuated 
interstitial markings [3]. Breast edema in inflammatory 
breast cancer can cause tremendous skin thickening and 
breast enlargement that attenuates both the x-ray and 

ultrasound beams because of the enlarged, dense breast 
tissue filled with fluid and tumor [4].

Contrast-enhanced digital mammography (CEDM) 
had a better diagnostic accuracy mainly due to improved 
specificity, and better positive and negative predictive 
values. CEDM could be useful in some cases demonstrat-
ing clinical or ultrasono-graphic abnormality with no 
obvious findings at mammography. It is particularly the 
case in dense breasts where normal breast tissue can hide 
a cancer [5].

CEDM adds functional information complementary to 
the morphologic findings of mammography (MX), aiding 
the lesions detection as well as characterization [6]. It is 
capable of detecting neo-angiogenesis and has the poten-
tial to play an important role in assessing multi-focality 
or multi-centricity in breast cancer [7].

Dual energy contrast-enhanced spectral mammogra-
phy (DE- CESM) has the advantage of the assessment of 
functional information for both breasts after one contrast 
agent injection. It also provides immediate solution in 
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the same mammography unit without delaying. In addi-
tion that no need for special technologist training as it is 
similar to standard mammography. DE- CESM has wide 
patient acceptance as it allows final decision at the end of 
the day. It is a fast technique that can be correlated easily 
with conventional mammograms. Also, radiologists can 
easily interpret the subtracted CEDM images and oncol-
ogist and the surgeons can easily understand them [8].

CEDM showed significant high lesion detection as well 
as accurate assessment of the local extent of the lesion in 
cases that is associated with breast edema. CEDM accu-
rately assessed the multifocality/multi-centricity of the 
disease [9].

In this study, we aim to assess the contrast-enhanced 
digital mammography role in cases associated with pri-
mary breast edema and how it can help in detection 
and characterization of lesions. Its role as well and abil-
ity to assess the multifocality and multi-centricity of the 
disease.

Methods
Patients
This study is a prospective study. Fifty five patients pre-
sented with edematous breasts were included in the 
study. Standard digital mammography (DM) and CEDM 
were done for all patients. Cases were collected from 
December 2016 to December 2017 at the female imag-
ing unit of the Radiology Department of the institute. All 
patients signed an informed consent that was approved 
by ethical committee (blinded for peer review).

The inclusion criteria included women presenting with 
breast edema on conventional imaging without any pre-
vious exposure to surgery or post chemotherapy or radia-
tion to the same breast. The exclusion criteria included 
women that presented with breast edema after exposure 
to previous surgery, post radiotherapy, post chemother-
apy, pregnant patients or patients with giving history of 
contraindication to IV contrasts material injection as 
allergy to contrast agents.

We correlated most breast lesions and pathologi-
cal axillary lymph nodes with pathological results using 
surgery, excisional biopsy, skin punch biopsy, true cut 
biopsy, or fine needle aspiration cytology. Yet, follow-up 
were performed for some lesions classified as benign.

Mammography system
DE-CEDM was performed using GE Senographe 2000D 
full-field digital mammography system from GE Health-
care; Chalfont St-Giles, UK. (GE Healthcare) system with 
CEDM features.

Each CEDM view was done in form of pair of low 
and high energy x-ray exposures in the same breast 
compression. Low energy image is similar to standard 

mammography and high energy image shows the con-
trast-enhanced areas that can help identify enhancing 
lesions.

Technique of examination
The examination starts with intravenous injection of an 
iodinated contrast agent (iohexol, 300 mg I/ml) at a dose 
of 1.5  ml/kg in a catheter introduced in the ante cubi-
tal vein (usually contra-lateral to the breast of concern). 
Then we apply compression, to avoid interference with 
the normal vascular dynamics of the breast. After 2 min 
wait, we started image acquisition. First: we performed 
CC (craniocaudal) view of the normal breast, then the 
two standard CC view and MLO (mediolateral oblique) 
view of the breast of concern. At the end we performed 
MLO view of the other breast. Degree of compression 
had to be at extent that can limit breast motion, but 
without affection and reduction blood flow. Low-energy 
images were acquired at 26 to 31 peak kilo voltage (kVp) 
values which is below the k-edge of iodine (33.2  keV). 
High-energy images were acquired at 45 to 49 kVp, which 
is above the k-edge of iodine. After image acquisition 
and through appropriate image processing, subtraction 
images become available in the four standard mammo-
graphic views. In this subtraction images, the visibility of 
normal parenchyma is reduced and we visualized almost 
only the abnormal enhancement.

Image analysis
In mammographic studies, lesions are assessed as usual 
(determining the size, site, shape, margin, definition, den-
sity and calcifications). In CEDM images, we can assess 
both low energy and subtracted images. We can identify 
non-enhancing suspicious clusters of micro calcifications 
and evaluate the morphologic features of non-enhancing 
mass lesions in low energy images. We can assess the 
presence or absence of contrast enhancement as well as 
pattern and degree of enhancement in the subtraction 
images. We depended in the interpretation of enhancing 
lesions on criteria of the dynamic MRI enhancement pat-
tern interpretation according to kamal et al. [10].

Statistical analysis
We classified all inflammatory or negative cases of edem-
atous breasts as benign for statistical analysis. In mam-
mographic images, we assessed criteria as masses with 
suspicious characteristics, micro-calcific clusters or 
dense axillary lymph nodes as lesions with high prob-
ability of malignancy and classified as positive results. 
The sensitivity and specificity as well as PPV and NPV of 
mammography and CEDM were assessed.
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Results
Classification of lesions
The study included 57 edematous breast: 9/57 (15.7%) 
were proven as benign and 48/57(84.3%) were proven as 
malignant (Fig. 1).

In our study, each breast together with its ipsilateral 
axillary lymph nodes managed as one unit (case) for sta-
tistical analysis to detect the causative lesion for edema. 
We correlated most breast lesions and pathological axil-
lary lymph nodes with pathological results using surgery, 
excisional biopsy, skin punch biopsy, true cut biopsy, or 
fine needle aspiration cytology. Only three mastitis cases 
were followed up.

We classified all inflammatory edematous breasts as 
benign for statistical analysis. In mammographic images, 
we assessed criteria as masses with suspicious charac-
teristics, micro-calcific clusters or dense axillary lymph 
nodes as lesions with high probability of malignancy and 
classified as positive results. Finally the sensitivity and 
specificity of MX and CEDM were compared.

Benign lesions included 9/57: 6/9 inflammatory 
(mastitis),one of them complicated by abscess, 3/9 
inflammatory (granulomatous mastitis). While malignant 
breast lesions include 48/57cases as in (Table 1).

Multiple lesions were noted in 15/57 (26%) edematous 
breasts. Twelve were pathologically proven as multicen-
tric or multifocal invasive carcinoma. The other three 
cases were diagnosed pathologically as inflammatory 
(granulomatous mastitis).

Two cases were bilateral edematous cases that were 
proven as primary breast cancer in the contralateral one 
presented with marked edematous changes in mam-
mography. The axilla was not exposed in both cases due 

to defective mammographic technique, and so also con-
trast mammographic images but there was no enhanc-
ing breast lesions. Suspicious lymph nodes were seen by 
ultrasound and proven malignant by pathology.

Standard mammography results
Our cases have breast edema with variable degrees. 
Edema is evidenced by overall increased parenchymal 
density, accentuated trabeculation and increased skin 
thickness. Six cases presented with intense edematous 
changes obscured the margins of mammographically 
detected lesions and limit the ability of detection of 
multiplicity and satellites. Forty six cases showed posi-
tive mammographic findings in the form of asymmetry, 
micro-calcific clusters, and dense axillary lymph nodes as 
in (Table 2).

CEDM results
Enhancement was observed in 55/57 edematous breasts. 
No enhancement in two cases. 23/55 (41.8%) cases 
showed non-mass enhancement (NME) and 27/55 
(49.1%) cases showed mass enhancement and 5/55 (9.1%) 
cases included both enhancement types. The two non-
enhancement cases show metastatic axillary lymph nodes 
as the cause of the edema which could not be detected 
by CEDM due to defective technique, but detected by 
ultrasound.

Fig. 1 Pie chart clarify the benign and malignant associated with 
breast edema

Table 1 Malignant breast lesions associated with edema and 
their final pathologic diagnosis

Pathologic results No. of cases Percentage

Invasive duct carcinoma(IDC) 31 64.6

Invasive lobular carcinoma(ILC) 4 8.3

Invasive mammary carcinoma 
(ductal, lobular) mixture

5 10.3

Ductal carcinoma insitu (DCIS) 2 4.2

Micro-papillary 2 4.2

Undifferentiated carcinoma 2 4.2

Mets adenocarcinoma 2 4.2

Table 2 shows initial mammographic findings

N.B: there is more than one findings in some cases, e.g. asymmetry is associated 
with micro calcifications clusters in 3 cases

Initial mammographic findings No. of cases

Asymmetry 40

Micro-calcific clusters 5

Nipple retraction 2

Dense suspicious axillary lymph nodes 15
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Enhancement characteristics of the breast lesions
Non-mass enhancement is further assessed according 
to the distribution pattern: regional, linear, segmental or 
diffuse was presented in (Table 3). CEDM images allows 
accurate and confident delineation of the ductal exten-
sion of mammographically detected lesion. NME is also 
classified according to ‘internal enhancement character-
istics as in (Figs.  2, 3). Non-mass enhancement is clas-
sified also according to degree of enhancement: 4 faint 
cases (14.2%), 16 cases moderate cases (57.1%) and 8 
cases show intense enhancement (28.7%). Nine cases 
of NME were benign and 19 cases were malignant, as 
proven pathologically.

Thirty two cases were enhancing masses. Mass 
enhancement was characterized according to: shape 
(regular, irregular), margin (circumscribed, ill defined, 
speculated), and internal mass enhancement charac-
teristics as being homogeneous, heterogeneous, rim 
and septation as in (Table  4, 5). Mass enhancement is 

Table 3 Correlation between distribution of non-mass enhancement (NME) by CEDM and final pathological findings

Distribution Benign Malignant P value

Regional 13 cases (46.4%) 8/9 88.90% 5/19 26.30% 0.011

Segmental 2 cases (7.1%)

0 0 2/19 10.50% 1

Linear (ductal) 8 cases (28.6%) 0 0 8/19 42.10% 0.05

Diffuse 5 cases (17.9%) 1/9 10.10% 4/19 21.10% 1

Total 28 cases 9 100% 19 100%

100%

Fig. 2 Non mass enhancement pattern (NME) by CEDM

Fig. 3 correlation between non mass enhancement by CEDM and histopathological findings
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classified also according to degree of enhancement: 4 
faint cases (12.5%), 16 cases moderate cases (50%) and 
12 cases show intense enhancement (37.5%). All the 32 
mass enhancing lesions, all proven pathologically as 
malignant lesions.

Overall performance of CESM
The calculated sensitivity, specificity, PPV and NPV of 
digital mammography were 87.5%, 55.5%, 91%, and 45%, 
respectively. The calculated sensitivity of DE-CESM was 
95.8%, specificity was 72%, while the PPV and NPV were 
93.62% and77.78%, respectively as shown in (Fig. 4).

Discussion
Contrast-enhanced digital mammography (CEDM) is 
the only imaging modality that provides both high-res-
olution, low-energy images comparable to that of digital 
mammography and a contrast-enhanced image similar to 
that of magnetic resonance imaging. So CEDM has the 
potential to combine the relative ease, low cost, and the 
practicality of mammography with the high sensitivity of 
MRI [11].

Cheung et  al. 2014 demonstrated that in women with 
dense breasts, CEDM has higher sensitivity and specific-
ity compared to mammography, changed from 71.5% to 
92.7% and from 51.8% to 67.9% respectively [12].

In our cases, mammographic low specificity was due 
to dense heterogeneous breast. Six cases presented with 
intense edematous changes obscured the margins of 
mammographic detected lesions and limit the ability of 
detection of multiplicity and satellites (Fig. 5). CEDM can 
delineate masses that are obscured by condensed paren-
chyma and provide higher sensitivity and specificity.

Table 4 Enhancing mass morphology by CEDM

Enhancing mass Description Count(32)

Shape Regular 2

Obscured 2

Irregular 28

Margin Circumscribed 1

Ill defined 23

speculated 8

Table 5 Mass enhancement pattern by CEDM

Mass internal enhancement No of cases Percentage

Homogeneous 2 6.25

Heterogeneous 28 87.5

Rim 2 6.25

Total 32 100

Fig. 4 The overall performance of CESM in comparison to DM
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Elsaid et al. 2015 performed a prospective study on 34 
female patients with breast edema and concluded that 
DE-CEDM is able to demonstrate lesions that cannot 
be detected by mammography and also is a promising 
modality in follow-up of cases. The calculated sensitiv-
ity of DE-CEDM compared to the digital mammogra-
phy compared was 92%, versus 74%, specificity of 100%, 
compared to 77%. [13].

While our inclusion criteria of the study were limited 
to primary breast edema cases. Our results showed sig-
nificant increase in sensitivity of CEDM compared to MX 
alone. The calculated sensitivity of CEDM vs MX was 
95.8% vs 91.49%, calculated specificity was 70% vs 50%.

In our study, we concluded that CEDM can confi-
dently exclude breast lesions that could be obscured 
in edematous parenchyma in pathological proven 

Fig. 5 A 47-year-old female patient complains of left primary breast edema. a, b DM, a CC and b MLO views of the left breast showed moderate 
edema pattern with multiple upper outer quadrant (UOQ) ill-defined focal asymmetrical lesions (blue arrows) and left suspicious ipsilateral axillary 
lymph node LN (yellow arrow). c, d CEDM c CC and d MLO views of the left breast showed UOQ multifocal enhancing speculated masses (red 
arrows). Pathological diagnosis: Left breast IDC, Grade 2
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metastatic axillary lymph nodes (2 cases), so considered 
as good negative test. CEDM can delineate masses that 
are obscured by condensed parenchyma, so considered 
as a good positive test. MX alone can detect abnormal-
ity in 42/57 malignant breast edema, compared to 46/57 
detected by CEDM. In CEDM only two false negative 
cases, edema was caused by lymphatic obstruction sec-
ondary to nodal metastasis (that was missed due to 
defective technique).

In our study, retro areolar lesions could be easily 
masked as breast tissue is denser in this region espe-
cially due to edema and CEDM could demonstrate any 
obscured underlying lesion. Ten cases were detected 
as retro-areolar focal asymmetrical density. Four were 
proven as IDC, 2 cases were invasive mammary, and 4 
cases were periductal mastitis / granulmatous mastitis as 
proven pathologically.

CEDM could clearly delineate the ductal extension for 
mammographic detected lesions. In our study, ductal 
extension were seen in 8 cases all detected by CESM 
(100%).

Also Elsaid et al. 2015 concluded that CEDM can accu-
rately delineate and assess multi-focality/multi-centric-
ity disease in 5/14 cases with edematous breasts. While 
only 1 and 3 cases detected by MX alone and US respec-
tively [13]. In our study, a speculated lesion is visible on 
mammography, multifocality was established on CEDM. 
Among the 15 patients with multifocal /multi-centric 12 
histologically proven IDC lesions and 3 proven granul-
matous mastitis, all were detected by CEDM versus (5 
cases only) detected as multifocal/multicenteric by MX 
alone.

For cases with bilateral multiple lesions, it is not practi-
cal to underwent biopsy from all the lesions. So, lesions 
that have the most abnormal and suspicious contrast 
uptake on CEDM are the best to be targeted for histo-
pathological evaluation and thus can help in triaging 
lesions.

We consider non-contrast uptake, diffuse parenchymal 
uptake as probably benign, while ring enhancement was 
observed in both benign and malignant lesions. In our 
study, no enhancement was seen in two cases. Edema 
was caused by lymphatic obstruction secondary to nodal 
metastasis (that were missed due to defective technique), 
considered as two false negative cases (Table 6).

In our study, rim enhancement was detected in 2 cases. 
Both cases proven histo-pathologically being malignant, 
so should not conclusively categorized as benign lesion. 
On the other hand, clustered ring NME should not be 
conclusively categorized as malignant lesions. In our 
study, 6 cases were detected by CEDM 5 proven to be 
benign as inflammatory granulomatous mastitis or mas-
titis (Fig. 6), and 1 was proven to be malignant as invasive 

lobular carcinoma (Fig.  7). So in these two patterns of 
enhancement, correlation with US is important. This 
coincides with kamal et al. 2016, that concluded that rim 
enhancement and clustered ring NME cases need addi-
tional diagnostic modality such as ultrasound to be cou-
pled with CEDM results and should not be categorized 
alone as malignant lesions.

In our study, non-mass distribution as segmental and 
linear showed a high prediction probability of malig-
nancy as 2 cases showed as segmental, 8 cases showed 
as linear all are proven as malignant. Also in our study, 
non-mass internal enhancement pattern as clumped pat-
tern (3 cases were detected all proven to be malignant) 
and heterogeneous pattern as (9 of 12 cases proven to be 
malignant) and so showed high prediction probability of 
malignancy. In accordance with kamal et  al. 2016 who 
stated that enhancement with high malignant probability 
included segmental, ductal and regional clumped or het-
erogeneous enhancement.

In our study, we concluded also that mass enhancement 
of high malignant probability included irregular-shaped 
enhancing mass lesions with speculated and irregular 
margins and heterogeneous enhancement.

Luczyńska et  al. 2016 study revealed that all invasive 
and intraductal carcinomas showed enhancement on 
CEDM. They states that 83% of the invasive carcinomas 
mostly showed intense and moderate enhancement on 
CEDM, while 87.5% of intraductal carcinoma cases show 
weak enhancement [14]. In our study, intense contrast 
enhancement on CEDM shows high malignant prob-
ability as (17/20 intense enhancing cases) has proven 
pathologically to be malignancy, yet the rest (3 cases) are 
inflammatory process showing micro abscess with granu-
lomatous formation.

Also in our study, (5 cases) with subtle suspicious 
clustered micro-calcifications without mammographi-
cally visible underlying lesion, 4/5 of those cases were 
pathologically intraductal carcinoma while the fifth was 
invasive lobular cancer. Three cases showed mammo-
graphically masses with clustered suspicious micro-calci-
fication all of them pathologically. All the 8 cases showed 
faint to moderate enhancement on CEDM (only one of 
them was faint).

Table 6 False positive and false negative cases on CEDM

False diagnosis Pathologic diagnosis

False negative 2

Mets undifferentiated carcinoma 2

False positive 3

Granulmatous mastitis 2

Mastitis 1
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Knogler et  al. 2017 revealed that the enhancement 
characteristics of the malignant lesions are simi-
lar in both CEDM and MRI. Their study has included 
mass enhancement only, yet believed that non-mass 
enhancement in CEDM could be based also on the MRI 
BI-RADS descriptors for non-mass enhancement [15]. 

We have already depend on MRI BI-RADS descriptors 
in assessment of both mass and non-mass enhancing 
lesions according to kamal et al. 2016 and we believed 
that we can differentiate between benign and malignant 
lesions depending on the application of the MRI BI-
RADS descriptors in CEDM. Yet, further large group 

Fig. 6 A 40-year-old female patient complains of left primary breast edema. a, b DM, a CC and b MLO views of the left breast showed minimal 
focal edema pattern in the form of skin thickening, accentuated trabeculation, increased over all density. Retro-areolar dense ill-defined mass with 
architectural distortion encroaching LIQ (blue arrow). c, d CEDM: c CC and d MLO views of the left breast showed moderate multiple clustered 
ring enhancing lesions at the retro-areolar region with parenchymal enhancement (red arrows). Pathological diagnosis: Periductal granulomatous 
mastitis
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studies involving non-mass enhancement as well are 
essential.

Limitation of our study
First: we had higher malignancy proportion in our 
patient sample because we had conducted the study 
in oncology institute. Second: the number of patients 

included in the study is still small. Third: no standard-
ized lexicon for morphological enhancement character-
ization in CEDM, like that of the 5th edition of the ACR 
BI-RADS Atlas on DCE-MRI. Still it is essential to per-
form a standardized lexicon of morphology descriptors 
and analyzing enhancing lesions identified on CEDM. 
The real specificity of CEDM is still unclear.

Fig. 7 A 63-year-old female patient, complains of left primary breast edema. a, b: DM a CC and b MLO views of the left breast showed moderate 
edema pattern in the form of skin thickening, accentuated trabeculation. UOQ architectural distortion (white arrow). c, d CEDM: c CC and d MLO 
views of the left breast showed moderate heterogeneous non-mass cluster ring enhancement UOQ encroaching on LQ.(red arrows). Pathological 
diagnosis: Invasive lobular Carcinoma
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Recommendation
Further larger studies that is including larger numbers 
and including mass and non-mass lesions are essential.

Conclusions
The present study confirms that is CEDM is a good prob-
lem solving technique in identification of lesions espe-
cially in dense as edematous breasts and it shows good 
assessment of multi-centricity/multifocality and ductal 
extension. Also CEDM allows accurate delineation of 
masses that could be obscured by dense parenchyma. It 
shows significant increase of the sensitivity without loss 
in specificity compared to mammography alone. It shows 
increase in the negative predictive value and subsequent 
significant decrease in the false negatives.
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