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Abstract  

Background:  Breast edema can be caused by benign or  
malignant diseases. Initial mammography and breast ultrasound  
examination are the routine investigative modalities. Some-
times, mammography and ultrasonography can't characterize  

lesions especially in edematous breast. Contrast-enhanced  

digital mammography is a new breast imaging technique that  

can help in characterization of equivocal lesions.  

Aim of Study:  The purpose of this study is to assess the  

role of dual energy contrast enhanced digital mammography  

in detection, evaluation and characterization of breast lesions  

in edematous breasts.  

Patients and Methods:  This study was a cross sectional  
prospective study conducted at Ain-Shams University Hospitals  
at department of radiology and private radiology centers on  

20 cases with breast oedema. No age predilection. Patients  

with previous surgery were included.  

Results:  There were 12 patients (60%) with mass and 5  
patients (25%) with history of previous surgery. Pathological  

lymph nodes were detected in 11 patients (55%), bilateral in  

one patient (9.1%), left sided in 5 patients (45.5%) and right  

sided in 5 patients (45.5%). As regard conventional mammog-
raphy, 19 patients (95%) were positive for edema, while 11  
patients (55%) were positive for a mass (irregular, central)  

and one patient (5%) was positive for calcifications. Regarding  
histopathology, there were 6 patients (30%) diagnosed with  
benign condition and 14 patients (70%) diagnosed with ma-
lignant tumors. The 14 patients with malignant tumors, 92.9%  

out of them were true positive of contrast enhanced digital  
mammography and 7.1% were false negative. There were 6  
patients histopathologically proved to be benign tumor and  

83.3% out of them were true negative and 16.7% were false  

positive on contrast enhanced digital mammography. There  

was statistically significant agreement between histopathology  
and contrast enhanced digital mammography a yielded Kappa  
value of 0.762 and p-value <0.05.  

Conclusion:  The addition of dual energy contrast enhanced  

digital mammography technique can significantly improve  

the detection of underlying breast lesions in edematous breasts.  
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Introduction  

BREAST  cancer is the most common type of  
cancers being diagnosed in women and the most  
common cause of death from cancer in women [1] .  

Edema of the breast can be resulted from mul-
tiple pathological processes either from benign or  

malignant diseases. It may occur with local causes  

such as inflammatory breast carcinoma, mastitis,  

lymphatic obstruction, lymphoma or post radia-
tional changes. Also, it may occur with systemic  

condition like congestive heart failure, nephritic  

and nephrotic syndromes of the kidney [2] .  

Examination of the breast with initial digital  

mammography and ultrasound are the routine in-
vestigations for breast lesions. In mammography,  

edema can be diagnosed with thickening of the  
skin, increased parenchymal density and prominent  

interstitial markings. On the other hand, ultrasound  
edema pattern diagnosed by marked increase in  

the skin thickening, increased subcutaneous fat  
echogenicity with dilated lymphatics that appears  

as reticular anechoic structure. But both modalities  

findings still non specific for diagnosis [3] .  

Recently, we can have the advantage of digital  
mammography and other advanced screening ap-
plications to get more clinical benefits and save  

costs to improve standard of health care. Contrast  

enhanced digital mammography (CEDM), can  
easily detect tumor angiogenesis also has apriority  

for malignancy detection when compared with  
conventional mammography alone. CEDM is a  

promising diagnostic tool in breast imaging [4] .  

Aim of the work:  

The purpose of this study is to assess the role  

of dual energy contrast enhanced digital mammog-
raphy in detection, evaluation, and characterization  
of breast lesions in edematous breasts.  
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Patients and Methods  

This study was a cross sectional prospective  

study, carried out on females ranging from 34 to  

65 years, (mean age of 45.5 ±7.49 years).  

Started from March 2019 to March 2021 at  

Ain-Shams University Hospitals, Department of  

Radiology and private radiology centres. The study  
was conducted on 20 female with breast oedema.  
We included any women presenting with breast  

edema on conventional imaging (ultrasonography  
or mammography). We excluded patients with renal  
insufficiency, pregnant females, patient with a  

known history of allergy or previous reaction to  
contrast media or in severe pain. Participants were  

fully informed about the procedures and gave their  

consent to participate. The study was performed  

after approval of the Ethical Committee of Scien-
tific Research, Faculty of Medicine, Ain Shams  

University.  

Study tools and procedures:  
Both conventional and contrast enhanced digital  

mammography examinations were done using GE  
Senographe 2000D full-field digital mammography  

system from GE Healthcare; Chalfont St-Giles,  

UK. It used a current full-field digital mammogra-
phy system using a flat panel detector with CsI  
absorber, field size 19x23, del pitch of 100mm,  
image matrix size 1,914x2,294 (Senographe2000D)  

with certain specific software and hardware adap-
tations for acquisition and image processing.  

1- Dual Energy Contrast Enhanced Digital  
Mammography was done as follow:  Catheter was  
inserted into the antecubital vein of the arm contra-
lateral to the breast of concern. A one-shot intra-
venous injection of non-ionic contrast agent (Om-
nipaque 350, Guerbet France) was administered  
manually at a dose of 1.5ml/kg body weight.  

A pair of low- and high-energy exposures was  
performed 2min after the initiation of contrast  

agent administration. The breast was compressed  
in a CC position of the normal breast then another  

CC view and MLO view of the breast of concern.  
Then last view of other breast in MLO position.  

Then a combination of low-energy and high-
energy images through a specific image processing  
unit were performed to generate two subtracted  
images with contrast agent uptake information  

(MLO view and CC view).  

2- Ultrasound study:  All patients were examined  
by ultrasound using ultrasound device of GE  

Healthcare (LOGIQ E9 with XD clear premium  
ultrasound).  

Results  

We conducted our study on 20 patients with  
edematous breast. The study was conducted on a  
wide age group ranging from 34 to 65 years, (mean  

age of 45.5±7.49 years).  

Table (1): Association between Conventional mammography  

considering "mass as positive results" compared to  
Histopathology "Gold standard" according to char-
acterization of lesions in edematous breast.  

Histopathology 

Conventional  
mammography  

Malignant  Benign  
Total 

No.  % No.  % No.  % 

Positive  10  71.4  1  16.7  11  55.0  

Negative  4  28.6  5  83.3  9  45.0  

Total  14  100.0  6  100.0  20  100.0  

The table shows that there were 14 patients  
with malignant tumors on histopathology, 71.4%  

out of them were true positive on conventional  

mammography and 28.6% were false negative on  

conventional mammography. While there were 6  

patients with benign tumor on histopathology and  
83.3% out of them were true negative on conven-
tional mammography and 16.7% were false positive  

on conventional mammography. There was signif-
icant agreement between histopathology and con-
ventional mammography with Kappa value of  
0.479 the indicate to moderate agreement and p-
value <0.05.  

Table (2): Comparison between conventional mammography  

finding a mass as a positive result and histopathol-
ogy diagnosing a mass in edematous breast.  

False diagnosis 
 

Pathologic diagnosis No. of cases  

False Negative 4 (28.6%)  
Recurrent IDC 1  
Mixed invasive ductal & 2  

invasive lobular carcinoma  
IDC 1  

False Positive 1 (16.7%)  
Non caseating granulomatous 1  

mastitis  

Four patients (28.6%) were false negative, and  
1 patient out of them recurrent IDC; two patients  
mixed invasive ductal & invasive lobular carcinoma  

and 1 patients IDC. There was one patient (16.7%)  

with false positive that is non caseating granulo-
matous mastitis (Fig. 1).  



Positive 13 92.9 1 16.7 14 70.0  
Negative 1 7.1 5 83.3 6 30.0  

Total 14 100.0 6 100.0 
 

20 100.0  

Contrast  
enhanced  
digital  
mammography  

Histopathology  

Malignant Benign  
Total  

No.  %  No.  % 
 

No.  %  
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Table (3): Shows analysis of True Positive, Negative and  

Positive and Negative Predictive value entities  
with Conventional mammography considering  
"mass as positive results" compared to Histopa-
thology "Gold standard" according to characteri-
zation of lesions in edematous breast.  

Diagnostic performance Outcome%  

Sensitivity 71.4%  
Specificity 83.3%  
Positive Predictive value 90.9%  
Negative Predictive value 55.6%  
Accuracy 75.0%  

As regard Conventional mammography, the  

evaluation of diagnostic performance showed Sen-
sitivity (71.4%), Specificity (83.3%), Positive  

Predictive value (90.9%), Negative Predictive value  

(55.6%) and Accuracy (75%).  

Table (4): Association between Contrast Enhanced Digital  

Mammography considering "Enhancement as pos-
itive results" compared to Histopathology "Gold  
standard" according to characterization of lesions  
in edematous breast.  

The evaluation of diagnostic performance for  
contrast enhanced digital mammography showed  

Sensitivity (92.9%), Specificity (83.3%), Positive  
Predictive value (92.9%), Negative Predictive value  

(83.3%) and Accuracy (90%).  

Table (6): Comparison between CEDM found positive en-
hancement with histopathology found a lesion in  

edematous breast.  

False diagnosis Pathologic diagnosis No. of cases  

False Negative IDC 1 (7.1%)  
False Positive Non caseating 1 (16.7%)  

granulomatous mastitis  

One patient (7.1%) was false negative that was  

IDC, and one patient (16.7%) was false positive  

that was non caseating granulomatous mastitis  
(Fig. 1).  

Table (7): Association between Ultrasound considering "Path-
ological lymph nodes as positive results" compared  

to Histopathology "Gold standard" according to  
characterization of lesions in edematous breast.  

Histopathology  

Ultrasound  Malignant  Benign  
Total  

No.  %  No.  %  No.  %  

Positive  11  78.6  0  0.0  11  55.0  
Negative  3  21.4  6  100.0  9  45.0  

Total  14  100.0  6  100.0  20  100.0  

Fourteen patients with malignant tumors on  
histopathology, 92.9% out of them were true pos-
itive on contrast enhanced digital mammography  

(Fig. 2) and 7.1% was false negative on contrast  
enhanced digital mammography. While there were  
6 patients with benign tumor on histopathology  
and 83.3% out of them were true negative on  

contrast enhanced digital mammography and 16.7%  
was false positive on contrast enhanced digital  
mammography (Fig. 1). There was statistical sig-
nificant agreement between histopathology and  
contrast enhanced digital mammography a yielded  

weighted Kappa value of 0.762 the indicate to  
substantial agreement and p-value <0.05.  

Table (5): Contrast Enhanced Digital Mammography consid-
ering "Enhancement as positive results" compared  
to Histopathology "Gold standard" according to  
characterization of lesions in edematous breast.  

Diagnostic performance  Outcome%  

Sensitivity  92.9%  
Specificity  83.3%  
Positive Predictive value  92.9%  
Negative Predictive value  83.3%  
Accuracy  90.0%  

The table shows that there were 14 patients  
with malignant tumors on histopathology, 78.6%  

out of them were true positive of ultrasound and  
21.4% were false negative of ultrasound. There  
were 6 patients with benign tumor on histopathol-
ogy, all of them were true negative on ultrasound.  

There was significant agreement between histopa-
thology and ultrasound with Kappa value of 0.687  

that indicate substantial agreement and p-value  
<0.05.  

Table (8): Sensitivity, specificity, prediction values (positive  
& negative) and accuracy of pathological lymph  
nodes detected positive by ultrasound.  

Diagnostic performance  Outcome%  

Sensitivity  78.6%  
Specificity  100.0%  
Positive Predictive value  100.0%  
Negative Predictive value  66.7%  
Accuracy  85.0%  

Sensitivity (78.6%), Specificity (100.0%), Pos-
itive Predictive value (100.0%), Negative Predictive  

value (66.7%) and Accuracy (85.0%).  
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(A) (B)  

(C) (D)  

(E)  

Fig. (1): 34-year-old female patient complaining of left breast edema and inflammation. (A,B): Mediolateral oblique and  

craniocaudal views of left breast showing mild edema with overall increased breast parenchymal density (black arrows) with  

multiple scattered calcifications. (C,D): Mediolateral oblique and cranicaudal views of contrast enhanced digital mammograohy  

of left breast showing large area of non-mass enhancement seen occupying central and retro areolar regions (white arrows).  

(E): Ultrasound examination of left breast multiple dilated ducts with inspissated secretion (red arrows) with no definite overlying  

internal vascularity  

Histopathology: Revealed non caseating granulomatous mastitis.  
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(A)  

(C)  

(B)  

(D)  

(E) (F) (G)  

Fig. (2): Female patient 37 years old, complaining of bilateral breast heaviness. (A,B): Craniocaudal and mediolateral oblique  

views of both breasts showing edema pattern with left area of heterogenous central and UOQ density. (C,D): Craniocaudal and  

mediolateral oblique views of contrast enhanced digital mammography showing right well defined mass enhancement and left  

diffuse retroareolar enhancement. (E): Ultrasound of both breasts showed bilateral edema pattern, (F): Left hypoechoic mass  

lesion with (G): Ipsilateral pathological lymphnodes.  

Histopathology revealed left Intraductal carcinoma and right atypical fibroadenoma.  
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Discussion  

Contrast-enhanced digital mammography is a  

new breast imaging technique that aims at demon-
strating breast carcinoma angiogenesis. Technical  

and clinical experience has been acquired and  

encouraging results have been published during  

the last few years on CEDM as an adjunct to  

mammography [4] .  

In our study on breast ultrasound edema was  

positive in all patients (20 patients 100%), patho-
logical lymph nodes were detected in 11 patients  

(55%). Bilateral in one patient (9.1%), left sided  

in 5 patients (45.5%) and right sided in 5 patients  

(45.5%). In conventional mammography 19 patients  
(95%) were positive for edema, while 11 patients  

(55%) were positive for a mass (irregular) and one  
patient (5%) was positive for calcifications.  

In our study CEDM demonstrates contrast agent  

uptake in all the malignant lesions. Compared with  

mammography alone, CEDM significantly in-
creased the sensitivity and the specificity. The  

sensitivity of CEDM was 92.9% vs. 71.4% and  
78.6% for MX and US respectively, while specif-
icity for CEDM was 83.3% vs. 83.3% and 66%  
for MX and US respectively.  

CEDM also allowed a significant reduction in  
the false negatives. Fourteen patients with malig-
nant tumors on histopathology, 92.9% out of them  
were true positive on contrast enhanced digital  

mammography and 7.1 % was false negative on  
contrast enhanced digital mammography. While  

there were 6 patients with benign tumor on his-
topathology and 83.3% out of them were true  

negative on contrast enhanced digital mammogra-
phy and 16.7% was false positive on contrast  

enhanced digital mammography. There was statis-
tical significant agreement between histopathology  

and contrast enhanced digital mammography a  

yielded weighted Kappa value of 0.762 the indicate  

to substantial agreement and p-value <0.05.  

This is also agreed with the study carried by  
Rizk et al., [5]  using dual energy contrast enhanced  
mammography technique confirms the potential  

role for adding contrast enhanced dual energy  

mammography to improve the diagnosis of breast  
cancer the sensitivity was higher for MX+CEDM  

(70.8%) than that was for ultrasound alone (69.9%)  

or for mammography alone (52.9%) compared to  
pathology with no loss in specificity [5] .  

This is also demonstrated by another dual en-
ergy CEDM study carried by Saad et al., include  
60 patients with mammographically dense breast  

parenchyma, 14 patients had edematous breast  
changes. They noted that there was a significant  

increase in the detection of lesions and better  

assessment of the local extent of the disease in  
these patients with breast edema using CEDM. Of  

the 14 cases with edematous breast changes, CEDM  
placed 13 cases in the correct BI-RADS category  
versus 8 cases with MX alone. More lesions were  
detected by CEDM than by MX alone or by  

MX+US. The whole study concludes that Sensitiv-
ity was higher for CEDM than it was for MX+US  

(97.7% vs. 93.2%), while specificity for CEDM  
was lower than it was for MX+US (50% vs. 75%)  

[6] .  

This is agreed with the results of more extended  
temporal CEDM study by Diekmann et al., on 75  

patients with 85 lesions compared the performance  

of conventional mammography alone versus tem-
poral CEDM as an adjunct to conventional mam-
mography. The results indicated an improvement  
in the sensitivity and specificity when adding  
temporal CEDM to the conventional mammogra-
phy. However, several limitations affect temporal  
CEDM: The long examination and breast compres-
sion time contribute to patient discomfort and  
increases the probability of patient motion, gener-
ating artifacts on the subtracted images; moreover,  

only one view per breast can be acquired for a  
single injection of contrast medium. In addition to  
this, there has been no proof that the information  

provided by the contrast agent uptake kinetics is  
clinically useful. Also no correlation could be  
found between the contrast enhancement pattern  

and the malignant nature of the lesion. In Diekmann  
et al.'s study, it appeared that the diagnostically  
relevant information was mainly given by the  

morphology and intensity of the contrast agent  

uptake [7] .  

In current study CEDM gives relative important  
morphological informations as it found that 14  

patients (70%) showed enhancement ( +ve enhance-
ment).  

This is also supported with findings of another  

extended dual energy CEDM is done by Dromain  
C, et al., to assess the diagnostic accuracy of CEDM  

as an adjunct to mammography versus mammog-
raphy alone and versus mammography plus ultra-
sound on 120 women with 142 suspect findings  
on mammography and/or ultrasound underwent  

CEDM. There were 80 malignant, 50 benign and  

3 pre-cancerous lesions (1 case of atypical hyper-
plasia and 2 cases of lobular carcinoma in situ).  

CEDM Enhancement was observed in 74 out of  

80 malignant lesions. This study showed that sen- 



Basma A. Hassanin, et al. 2381  

sitivity was higher for MX+CEDM than it was for  
MX (93% vs. 78%) with no loss in specificity.  
Moreover all 23 multifocal lesions were correctly  

detected by MX+CEDM vs. 16 and 15 lesions by  
MX and US respectively. Dromain C, et al., con-
firms that the Initial clinical results show that  

CEDM has better diagnostic accuracy than mam-
mography alone and mammography plus ultrasound  

[8] .  

Most of the previously published studies for  
CEDM, for example: Dromain et al., on 2011,  

Diekmann et al., on 2011 stated that the increase  

in sensitivity of cancer detection with CEDM is  
highly pronounced in dense breast parenchyma.  
Study performed Jong R et al., which performed  

temporal CEDM on 22 patients with suspected  

abnormalities found on conventional mammogra-
phy or ultrasound. The results showed the ability  
of temporal CEDM to show cancers and suggested  
a potential to identify cancers in dense breasts [9] .  

The study carried by Dromain C et al., conclud-
ed from a 20-patient study that temporal CEDM  
has the potential to depict angiogenesis. The study  

was on patients with malignant findings only,  
detected contrast enhancement in 80% of the lesions  

[10] .  

As the metastatic axillary lymph nodes is an  
important frequent cause of breast edema. Ultra-
sound in our study revealed a higher detection and  

evaluation of axillary lymph nodes regarding sono-
graphic evidence of malignant nodal invasion such  

as their morphological changes as well as preser-
vation or effacement of their hyperechoic medulla.  

Axillary lymphadenopathies are the single most  
important prognostic factor for operable breast  

cancer. Ultrasound is more accurate than both the  
physical examination and mammography in iden-
tifying metastatic axillary lymph nodes [11] .  

Benign lymph nodes usually present regular,  

oval or strip shape on the ultrasonic images, and  
hyperechoic medulla surrounded by the hypoechoic  
cortex. Longitudinal/transverse axis ratio (The L/T  

ratio) of the benign lymph nodes is usually above  

2. The L/T ratio of the malignant ones is commonly  
below 2. In most of the malignant lymph nodes,  
the medulla echo become narrow and sometimes  
disappears [12] .  

The diagnosis of residual and recurrent disease  

is often difficult because of post-surgical and post-
radiation changes. CEDM can be used in this  

cotnext [13] .  

In our study CEDM was helpful in differentia-
tion of tumor recurrence and post-operative scar  

tissue as intense enhancement was observed in one  

of the 4 post-operative cases proved pathologically  

to be local recurrence while no contrast uptake  

was noticed in post-operative scar tissue in the  
other 3 cases.  

The advantage of contrast-enhanced digital  

mammography should be less expensive and quick-
er compared to MRI [2] .  

On the other hand more recently, Sorin et al.,  

[14] . Compared lowenergy images (obtained in the  

place of conventional 2D mammograms) with  

images obtained by performing the full CEM ex-
amination in women with intermediate breast cancer  

risk. Family or personal history of breast cancer  
was reported by 48.3% of patients, and 93.1 % had  

a mammographic breast density of C or D. CEDM  

was found to have a sensitivity of 90.5%.  

Mammography demonstrated a sensitivity of  
52.4% [14] . The authors determined that CEDM  
depicts cancer at an incremental rate of 13.1 cancers  

per 1000 women screened [14] . Unfortunately,  
CEDM was associated with more false-positive  

imaging findings than was conventional mammog-
raphy. It resulted in multiple unnecessary biopsies  
in lesions proven to be benign at pathologic anal-
ysis. CEDM findings were inconclusive in 28  
patients, who later underwent MRI [14] .  

Although limited, the available data suggest  

that CEDM may have a role in breast cancer screen-
ing More research is being performed to evaluate  
it for this indication [15] .  

Conclusion:  
Addition of dual energy contrast enhanced  

digital mammography to conventional sonomam-
mography can significantly improve the detection  
of underlying breast lesions in edematous breasts  
and determine the extent of disease.  
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