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Angiogenesis is an important prognostic indicator in breast cancer. Contrast-enhanced 

breast imaging techniques such as contrast-enhanced computed tomography (CT) and 

contrast-enhanced magnetic resonance imaging (MRI) are used for detecting angiogenesis. 

Dual-energy contrast-enhanced digital mammography (CEDM) has been developed recently 

as an effective technique for breast diagnosis. Therefore, clinical papers of CEDM have been 

reported.  We introduced CEDM at Mikawa Breast Cancer Clinic in January 2011, and we 

performed extensive experimental and clinical studies and analysis regarding the efficacy 

and safety of CEDM.  
 

In this session we'll report our results about CEDM focused on some themes. 
 

Feasibility Study 
 

From January to July 2011, 72 Japanese women (mean age ± standard deviation, 49.32 ± 

11.52 years; range 27 to 87 years) who were scheduled for biopsy of suspicious breast lesions 

detected by standard mammogram (MMG) or ultrasound underwent dual-energy CEDM. 

The clinical study was approved by Institutional Review Board, and informed consent was 

obtained from all patients after full explanation.  
 

CEDM examinations were performed with a digital mammography system Senographe DS 

Laverite (SenoBright) capable of acquiring dual-energy images. Dual-energy exposures were 

taken in 2min after the administration of 1.5mL/kg of an iodinated contrast agent 

(Omnipaque 350) injected at a rate of 3mL/s using a power injector. Each view had a pair of 

low- (26 to 32 kVp) and high-energy (45 to 49 kVp) exposures. "CESM AUTO", the automatic 

exposure control mode developed for SenoBright was selected for dual-energy exposure. 

Combined images with contrast agent uptake information were processed after image 

acquisitions.  
 

It is important to confirm the feasibility of new technology for use.  The adverse effects, examination time, 

and dose delivered to patients were examined.  

 

 The examination time and adverse effects were studied.  Since the average examination 

time taken was 10.3 ± 0.8 minutes (7.3 to 12.5 min), the time taken for examination by 

CEDM was 6mins longer than that taken by standard mammography.  The adverse effects 

observed in five cases were itching, rash, and difficulty in breathing.  All cases were within 

Grade 1 in v4.0-Japan Clinical Oncology Group (JCOG) Common Terminology Criteria for 

Adverse Effect (CTCAE) and none was significant.  CEDM was performed safely. 
 

The total average glandular dose (AGD) delivered to the patient for a pair of low- and high-

energy images was between 0.95 and 4.20 mGy depending on breast thickness (18 to 86 mm). 

The mean AGD of all 72 cases was .92 mGy ± 0.67mGy, which corresponds to about 1.4 times 

the AGD delivered by standard mammography.  The mean AGD in a 4.5 cm thick 

compressed breast was 1.88 mGy.  Compared to the Japanese and European guidelines for 

standard mammography, this value is within the acceptance level.  

 This AGD corresponds to about 1.4 times the AGD delivered for the standard MMG. 
 

These results confirmed the feasibility of dual energy CEDM from a technical standpoint. 
 



Helpful for Differential diagnosis 
 

CEDM might be helpful for the differential diagnosis of cases that indicates the findings of 

architectural distortion and microcalcification in the standard mammography. There is a 

possibility that CEDM is useful as an alternative to MRI before proceeding to Vacuum-

assisted biopsy (VAB). By adding CEDM to the conventional methods of detection for breast 

cancer, more appropriate diagnostic system will be established for cases that indicates the 

findings of architectural distortion and microcalcification in the standard mammography. 
 

False-negative cases and False-positive cases 
 

False-negative results were encountered in 3 cases, which included 1 case of invasive 

carcinoma (tubular carcinoma) and 2 cases of ductal carcinoma in situ (DCIS). In the case of 

tubular carcinoma, the stromal reaction is poor and there is no vascular hyperplasia. 
 

The 2 cases of DCIS that were not enhanced at CEDM involved low-grade DCIS, which were 

also characterized by a lack of stromal reaction. The 5 cases of DCIS that were enhanced at 

CEDM involved high-grade or intermediate-grade DCIS. 

 
False-positive results were encountered in 13 cases, including 4 cases of intraductal 

papilloma, 3 cases of atypical fibroadenoma, 3 cases of fibrocystic disease, 1 case of diabetic 

mastopathy, 1 case involving a radial scar, and 1 case of hamartoma. This case of the radial 

scar is accompanied by ductal hyperplasia and inflammation and characterized by fibrosis 

and fibrous intertwining with inflammatory cell invasion. These findings are consistent with 

an active stromal reaction recognized as architectural distortion. 
 

 

Dual-energy CEDM can be an effective technique to detect breast cancers, but further 

research is necessary because of the existence of false-positive and false-negative 

examination results. There have been a number of studies on CEDM and breast cancer, but 

few reports have assessed CEDM and benign breast diseases. As shown here, not only breast 

cancer but also many benign diseases were enhanced at CEDM. Further, while breast cancer 

that is not contrast-enhanced at CEDM may be rare, it surely exists. Previous studies of 

contrast-enhanced MRI of the breast have shown similar results to this study in terms of 

enhancement of both malignant and benign lesions. This is an important problem when 

considering the adaptation and positioning of dual-energy CEDM as a routine modality for 

breast imaging. Cell density, neovascularisation, and stromal reaction are regarded as 

factors in the enhancement of malignant disorders in breast imaging because it is possible 

that stromal reaction is interposed with mechanisms of contrast-enhancement, and also 

involved in the increase in vascular permeability. It is suggested that in dual-energy CEDM, 

the stromal reaction affects enhancement in both benign and malignant lesions.  
 

Interestingly, the 2 false-negative cases of DCIS had a lower grade than the 5 that showed 

enhancement. Thus, dual-energy CEDM might be useful for grading DCIS. Assessment of 

more clinical cases and a more detailed discussion of these aspects are necessary in future 

studies. 
 

 

Our results indicate that the mechanism of enhancement in CEDM should be clarified and 

the patterns of enhancement should be analysed, and that it is necessary to establish 

diagnostic criteria for CEDM. We plan to further expand the clinical and basic research in 

these areas. 
 

 


