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Abstract  

Background:  Contrast Enhanced Spectral Mammography  
(CESM) is an evolving imaging technique using contrast  
media to enhance the sensitivity for breast cancer detection  

and to extend the capability of mammography.  

Aim of Study: To evaluate the added benefit of Contrast  
Enhanced Mammography (CESM) in detecting occult breast  

lesions that escaped conventional Digital Mammography  
(DM).  

Patients and Methods:  68 female patients (121 breasts)  
with dense breasts were enrolled in this study. CESM was  
performed after conventional DM which was negative. CESM  

results were compared to sonography and histopathologic  

results. Diagnostic accuracy of CESM in differentiating  

malignant from benign lesions was determined.  

Results:  By using CESM, 18 cancers were detected in 68  
patients with negative conventional mammographic studies.  

CESM had sensitivity 88.9%, specificity was 100%, PPV was  
100%, NPV was 60% while the overall diagnostic accuracy  

of CESM was 85.7% in cancer detection.  

Conclusion:  CESM has the potential to increase breast  

cancer detection rate over conventional DM especially in  

women with dense breasts. CESM has high specificity and  
positive predictive value in identifying malignant breast  
lesions. CESM is a promising tool for screening women with  

dense breasts and high risk for breast cancer.  
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Introduction  

THE  accuracy of breast cancer diagnosis depends  

directly on its detection. Mammography remain  
the modality of choice for cancer detection and  

follow-up despite the availability of various other  

breast imaging modalities [1] . One of the most  
important limitations of mammography is due to  
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the superimposition of dense breast fibroglandular  
tissues, dense background may obscure an under-
lying mass reducing its sensitivity and hence its  
diagnostic performance [2] .  

Sonography is superior to mammography in  
women with dense breasts, however, it has been  

reported to be operator dependent [3] .  

Over the last few years, new techniques have  

been evolving using contrast media to enhance the  

sensitivity for breast cancer detection and to extend  

the capability of mammography. These techniques  

are based on the principle of rapid formation of  

tumoral microvessels which makes malignancy  
associated vessels more permeable to contrast agent  

than normal tissue, resulting in lesion enhancement  
[4] .  

Contrast Enhanced Spectral Mammography  

(CESM) is an evolving imaging technique. Its  
principle lies behind acquisition of dual-energy  

breast images; a Low-Energy (LE) and a High-
Energy (HE) image for each breast in the standard  

views. The LE image provides the highest soft  
tissue contrast and is similar to a conventional  
mammography image. The HE image is used for  
post-processing purposes only. Both images are  

processed to create a subtracted image which high-
lights enhancing lesions thus increase cancer de-
tection [5] .  

Our study aimed at evaluating the added benefit  

of CESM in detecting, thus characterizing occult  
breast lesions that escaped conventional Digital  

Mammography (DM).  

Patients and Methods  

This study was conducted between April 2018  

and May 2019 in Ain Shams University Hospitals,  
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Cairo, Egypt. Sixty-eight female patients (121  
breasts) with dense breasts (ACR BI-RADs breast  

density categories C & D) and negative conven-
tional mammography were enrolled in this study.  
Patients were clinically referred for undergoing  
standard sonomammographic breast examinations  
for breast screening and diagnostic purposes. Pa-
tients' age ranged from 27-46 years old. Our par-
ticipants were further subjected to CESM to en-
hance the performance of mammography in cancer  

detection. In terms of breast lesions detection,  
conventional DM results were compared to those  
of CESM considering sonography as a proof for  

lesions detection, then diagnostic accuracy of  
CESM in characterizing detected breast lesions  
was studied having the histopathologic results as  
a gold standard. Histopathologic data were obtained  

in 18 out of 21 lesions detected by CESM, the  
remaining 3 lesions were subjected to 3 months  

short interval follow-up by ultrasound.  

The added benefit of the CESM and the possible  
associated risks and complications of IV contrast  

media were fully explained to all patients who  

agreed to receive CESM. Patients having contrain-
dications for the use of iodine-based contrast agents  

such as an increased risk of developing contrast-
induced nephropathy or known contrast allergies  

were excluded. All patients were consented to  
undergo contrast enhanced spectral mammography  

as a complementary study to conventional DM in  

order to enhance the detection of occult breast  

lesions by mammography. Our study was approved  

by the Ethical Committee of Ain Shams University  
Hospitals.  

CESM technique:  
Contrast enhanced mammography studies were  

performed using Senographe Pristina, GE health-
care contrast enhanced mammography device. A  
single shot of 1.5ml/kg body weight, iodinated  

non-ionic contrast agent (ultravist 300) was admin-
istered using manual intravenous injection. Maxi-
mum allowed dosage was 120mL. Two minutes  
after the initiation of contrast agent administration;  

a pair of LE (Low Energy) and HE (High Energy)  
exposures were obtained. The breast without a  
suspected lesion was imaged first, followed by the  

breast with the suspected lesion, to increase the  
likelihood of contrast uptake in the breast of inter-
est. LE and software-derived SI are automatically  
sent to the VP workstation to be viewed on the  

senoiris.  

They were immediately reviewed by a radiolo-
gist for the presence of abnormal contrast enhance-
ment and for the need of additional views. The  

mean examination duration was approximately 10  
mins (ranging from 6 to 12 mins).  

Imaging analysis and interpretation:  

Conventional DM studies of our participants  

were negative studies. CESM examinations were  

interpreted by a consultant radiologist with exper-
tise in breast imaging. Reader was asked to report  

the presence or absence of enhancing breast lesions  

in CESM films and to describe the pattern of  

enhancement in terms of homogenous, heteroge-
neous or ring pattern. Then to state the level of  
suspicion for cancer in the present lesion according  

to the enhancement pattern and the morphologic  

characters based on the Breast Imaging Reporting  

and Data System (BI-RADS) lexicon designed by  

the American College of Radiology (ACR) [6] .  

Statistical analysis:  

In reference to final diagnosis of detected breast  

lesions by CESM through histopathologic results  
in 18 lesions and follow-up in 3 lesions, true  
positive, true negative, false positive and false  
negative results were determined. The diagnostic  

sensitivity, specificity, positive predictive value,  

negative predictive value and accuracy were de-
fined. Statistical analyses were done using SPSS  
software (version 20.0).  

Results  

Our study included 68 dense breasts female  
patients (121 breasts) with negative DM films.  
Their CESM revealed 21 enhancing breast lesions  
which were all (100%) depicted thus approved by  
US. Histopathology was carried out for 18 lesions  

while 3 lesions were subjected to short term 3  

months follow-up by ultrasound and showed no  
interval changes. Morphological analysis according  
to BI-RADs and enhancement patterns of CESM  

detected lesions differentiated them into 5 (23.8%)  

benign and 16 (76.1 %) malignant lesions Figs.  
(1-5). All malignant lesions (100%) by CESM and  

2 out of 5 (40%) benign lesions by CESM were  

proven for malignancy by biopsy results (Table  
1). Thus, the sensitivity of CESM in detecting  
breast cancer was 88.9%, specificity was 100%,  

PPV was 100% while NPV was 60%. The overall  
diagnostic accuracy of CESM was 85.7%.  

Statistically significant difference <0.05 was  

found as regards the pattern of enhancement and  

the margins of suspicious lesions by CESM. Most  

of suspicious lesions showed heterogenous en-
hancement (88.9%) and their margins were mostly  
irregular (55.5%) or spiculated (33.3%) (Table 2).  
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Fig. (1): 45-year-old patient, left breast lump. (A) LE image: ACR C breast density. (B) CESM: Irregular margin shaped mass  

showing heterogenous enhancement. (C) US: Multiple areas of architectural distortion & small irregular shaped  

hypoechoic lesions with irregular margins. Histopathology: IDC with multicentric disease.  

Fig. (2): 42-year-old patient, right breast lump. (A) LE image: ACR D breast density. (B) CESM: Irregular shaped enhancing  

mass lesions with irregular margins, intensely enhancing with heterogenous pattern. (C) US: Hypoechoic irregular  

shaped masses with posterior acoustic shadowing & calcific foci. Histopathology: Invasive mammary carcinoma.  

Fig. (3): 27-year-old patient, left breast tenderness. (A) LE image: ACR D breast density. (B) CESM: Large irregular margin  

shaped mass homogenously enhancing (C) US: Large island of hypoechoic non circumscribed mass lesion. Histopathology:  

Invasive ductal carcinoma.  
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Fig. (4): 40-year-old patient. High risk, routine screening. (A) LE image: ACR C breast density. (B) CESM: Right well oval  

well circumcribed strongly enhacing mass with small non enhancing areas, (C) US: Well circumscribed oval lobulated  

hypoechoic mass lesion. Histopathology: Mixed pericanalicular and intracanalicular fibroadenoma.  

Fig. (5): 30-year-old patient, bilateral mastalgia. (A) LE image: ACR D breast density. (B) CESM: Rounded regular thin ring  

enhancement, (C) US: Rounded thick walled complicated cyst. Final diagnosis after 3 months interval: Inflamed cyst.  

Table (1): Diagnostic performance of CESM in breast lesions  

detection and characterization.  

CESM Benign (5) Malignant (16)  

Final diagnosis:  

Benign (3) 3 (true negative) 0 (true negative)  
Malignant (18) 2 (false negative) 16 (true positive)  

Table (2): The most statistically significant morphological  

characteristics and enhancing patterns in CESM  

detected lesions in correlation to histopathology  

results.  

Benign  Malignant  

Enhancement patterns:  
Homogeneous  2 (66.7%)  2 (12.5%)  
Ring  1 (33.3%)  0  
Total  3 (100%)  18 (100%)  

Margins:  
Circumscribed  3 (100%)  2 (12.5%)  
Irregular  0  10 (55.5%)  
Spiculated  0  6 (33.3%)  
Total  3 (100%)  18 (100%)  

Discussion  

CESM is an evolving imaging dual-energy  
technique to detect breast cancer. It is based on  

lesion contrast enhancement due to newly formed  
proliferating tumor vessels which are leaky. CESM  
is performed with high-energy and low-energy  

acquisitions after the injection of iodine contrast  

medium, then a subtracted images of both breasts  

are obtained. The LE image presents the morpho-
logical information is similar to that of digital  
mammography, whereas the HE image displays  
the enhancement pattern [7] .  

Several studies were done to evaluate the diag-
nostic performance of CESM in breast cancer  
detection. In these studies, the mean sensitivity of  

CESM ranged from 77.8 to 100.0%. Whereas the  

mean specificity varied from 41 to 87.7% [8-18] .  
Our study revealed CESM sensitivity, specificity,  
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PPV and NPV of 88.9%, 100%,100% and 60%  

respectively.  

In our study, we found out a statistically signif-
icant difference <0.05 as regards the pattern of  
enhancement and the margins of suspicious lesions  
by CESM. Most of suspicious lesions showed  
heterogenous enhancement (88.9%). This agrees  

with Tohamey et al., [19]  and Helal et al., [20]  where  
84% and 93% of malignant mass lesions displayed  
heterogenous internal enhancement pattern respec-
tively. Most of CESM detected malignant lesions  
showed irregular (55.5%) or spiculated (33.3%)  

margins. This concides with Tohamey et al., [19] ,  
Helal et al., [20]  and Kamal et al., [21]  who reported  
98.7%, 93.8% and 96.3% malignant lesions show-
ing irregular/spiculated margins respectively.  

Conclusion:  

CESM has the potential to increase breast cancer  

detection rate over conventional DM especially in  

women with dense breasts. CESM has high specif-
icity and positive predictive value in identifying  

malignant breast lesions. CESM is a promising  
tool for screening women with dense breasts and  
high risk for breast cancer.  
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