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A new tool in mammography: 
contrast-enhanced dual energy 
mammography
Worldwide breast cancer is the most common cancer in women, with an 
ever-increasing morbidity, but decreasing mortality rate. The “gold standard” 
in diagnostic breast imaging is still mammography, with digital mammogra-
phy now having almost completely replaced analog mammography. Other 
common additional examination methods in breast imaging are ultrasound 
and magnetic resonance mammography (MRI), although the recommended 
indications for those methods can vary significantly  from one country to 
another. Based on their initial experience with temporal subtraction contrast-
enhanced mammography, Lewin and coworkers published a first feasibility 
study of dual-energy contrast enhanced mammography (CESM) in 2003 [1]. 

Thus, CESM is a relatively new imaging technique capable of detecting 
neo-angiogenesis and has the potential to play an important role in assess-
ing multifocality or multicentricity in breast cancer, or even in screening the 
population of women with high-density breasts [2]. Over the last decade, 
developments in both hardware and software have improved dual energy 
contrast-enhanced mammography; in particular, recent developments have 
reduced the radiation dose so opening the way for  larger population stud-
ies to be carried out [3, 4, 5].

TEcHNIcAl BAcKGRouNd
The development of blood vessels is an essential step 
in the growth of a tumor; CESM can provide images 
of such neo-angiogenesis. In practice, as in CT imag-
ing, a contrast agent is administered via the antecubi-
tal vein using an automatic intravenous injector (we 
use 1,5 mL agent/kg body weight at a flow rate of 2-3 
mL/s) with a bolus chaser of saline). 

The  particular system we use is the SenoBright 
CESM (GE Healthcare, Buc, France) which uses dual 
energy acquisition. The standardized protocol in our 
department involves beginning the mammogram 
acquisitions 2 min after bolus injection in cranio-
caudal (CC) projections of both breasts, each projec-
tion being imaged first at low and then at high energy,   
followed by mediolateral oblique (MLO) views in 
the same way.  In cases of confirmed, known cancer 
we begin with the healthy side. It is known that the 
peak of enhancement occurs about 3 min after start-
ing the injection; overall,  the whole procedure does 
not last more than 7 min [Table 1]. To avoid artifacts 
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Table 1. Outline of protocol for Dual-Energy CESM. Abbreviations:  
CC Cranio-caudal; MLO mediolateral oblique
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patients are recommended to hold 
their breath during mammography. 
 
To visualize any neo-angiogenesis the 
x-ray spectrum must be set below the 
k-edge of iodine (33.2 keV) for low 
energy images and above the k-edge 
for high energy images [5, 6]. Thus, 
for low energy acquisition the tube 
voltage is at 26-30 kVp whereas for 
high energy acquisition it is at 45 
– 49 kVp. Within a period of only 
1-3 seconds the dual–energy system 
acquires images using  both energies. 
The automatic digital subtraction of 
the low- and high energy image gen-
erates a view of iodine enhancement 
uptake [5, 7]. 

Since CESM involves taking 8 views 
the radiation dose for CESM is 
about 20% more than for standard 
mammography with 4 images [5]. 
However other publications have 
reported that CESM has an even 
lower radiation dose than full-field 
mammography [8] or only a minor 

increase in mean radiation dose of 
1.72– 1,78 mGy compared to full-
field mammography [9].

clINIcAl STudIES
One of the main advantages of CESM 
is the ability to detect breast cancers, 
which can’t be seen in conventional 
mammography. The published lit-
erature shows CESM to be signifi-
cantly more sensitive than conven-
tional mammography, without any 
loss in specificity [3]. In comparison 
to mammography and ultrasound, 
CESM showed a better positive and 
negative predictive value [3]. In fact 
CESM showed an improved speci-
ficity compared to conventional 
imaging. Using the Breast Imaging 
and Data System (BIRADS) score 
Dromain et al. reported a sensi-
tivity of 92% and a specificity of 
46% by adding the CESM modal-
ity to standard mammography plus 
ultrasound [10]. Fallenberg et al. 
reported  that in comparison to 
conventional mammography, CESM 

had a sensitivity of 94,7% by detect-
ing 16,8% more carcinomas [9].

All reports in the literature have 
shown contrast enhancement in 
almost all malignant lesions of the 
breast. However, contrast enhance-
ment can also be found in benign 
breast lesions such as atypical duc-
tal hyperplasia, fibrocystic mastopa-
thy, intraductal papilloma, fibroad-
enoma, radial scar, adenosis, phyl-
loid tumor, cytosteatonecrosis, cysts, 
seroma, periductal inflammation and 
skin lesions [1, 3, 5]. Slight back-
ground enhancement was reported 
by Jochelson et al. in 26% of their 
patients.

 Rare findings of negative results on 
CESM for malignant masses were 
reported. These included lobular 
carcinoma (1), small ductal carci-
noma in situ (3), tubular carcinoma 
(2) or low-grade invasive ductal car-
cinoma (2), and Paget disease [3, 5]. 
In a prospective multicenter study 
involving  53 patients and compar-
ing the accuracy of CESM with that 
of MRI for breast cancer staging it 
was found that CESM was slightly 
less sensitive than MRI (50/53 index 
tumors detected with CESM vs. 
53/53 with MRI), but slightly more 
specific (1 false positive with CESM 
vs. 5 false positives with MRI) [11]. 
CESM had a lower sensitivity for 
visualization of additional ipsilat-
eral cancers than MRI, but higher 
specificity. This resulted in fewer 
second looks and fewer unneces-
sary biopsies. Helal et al. reported 
at the RSNA 2013 meeting that in 
patients with advanced breast can-
cers CESM was not inferior to MRI 
for the detection and character-
ization of breast malignancy, but 
they found a lower specificity with 
CESM (66.6% vs. 86.6%) result-
ing in a slightly lower accuracy for 
CESM (80.6% vs. 90.3%). Fallenberg 
et al. found that there was no sig-
nificant difference between CESM 
and MRI in breast cancer detection 

Figure 1. 66 year-old woman with breast cancer on the left breat  hardly detectable on conventional mammography 
(left panel). CESM (right panel) shows a clip-marked tumor with slight contrast enhancement and unsharp margins. 
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and size measurement and that 
both modalities  correlate well with  
histology [8].

cESM IN clINIcAl PRAcTIcE
CESM provides functional informa-
tion, which is complementary to the 
morphologic findings from mam-
mography, thereby aiding the detec-
tion and characterization of breast 
lesions [10]. Low energy images 
are comparable to those obtained 
by conventional mammography 
which should always be interpreted 
together with CESM images. The low 
energy images enable microcalcifica-
tions to be shown. 
Currently in our practice we don’t 
generally use CESM for screening 
purposes, but rather in a preopera-
tive and staging setting in order 
to improve the detection rate and 
the selection of breast lesions to 
be biopsied. CESM also improves 
diagnostic accuracy in patients with 
dense breast tissue or those with 
unclear findings in mammography 
or ultrasound [3, 12]. CESM is a 
reliable imaging technique, which 
could be used instead of MRI in 
cases where MRI is contraindi-
cated. In symptomatic patients 
CESM could replace mammogra-
phy thanks to its to its superior 

diagnostic accuracy. It has been 
suggested that CESM could be used 
as a “problem solving” technique 
in cases with ambiguous mammo-
graphic and ultrasound assessments 
[3]. In such situations CESM offers 
the advantage of being a fast imag-
ing technique, immediately avail-
ability in the mammography suite 
and without requiring an additional 
appointment or delay. This is par-
ticularly important when the avail-
ability of MRI is limited [3]. 

lIMITATIoNS
As with all diagnostic methods 
CESM also has some limitations, one 
of which is that currently there are 
only a limited number of companies 
offering the imaging technique com-
mercially. The use of contrast media 
means that there is an additional cost 
factor and there are known contrain-
dications to iodine contrast agents. 
Starting from the installation of a 
peripheral venous access system, 
the total length of time necessary 
for the whole examination from is 
about 10 min longer than a conven-
tional mammography. In compari-
son to  full-field mammography,  the 
radiation dose of CESM is a slightly 
higher. Of course there is no ionizing 
radiation at all with MRI. 

coNcluSIoN
CESM is a relatively new diagnos-
tic tool allowing imagining of breast 
tumors which cannot be seen on 
conventional mammography. In 
comparison to MRI, CESM is much 
more cost-effective and is a true 
alternative when the availability 
of MRI is limited. The diagnostic 
results reported for CESM in the lit-
erature appear to be very similar to 
those generated by MRI. However, 
additional studies should be carried 
out to further evaluate the diagnos-
tic performance of CESM in larger 
population groups. 
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Figure 2, 50 year old woman with breast cancer on the right breast already detectable by conventional  
mammography (left oanel) and strong contrast enhancement on the CESM image (right panel).

MAMMOGRAPhY

©2014 General Electric Company - All rights reserved.

*Trademark of General Electric company.

GE Healthcare

 GE imagination at work

SenoBright from GE Healthcare — The fi rst tool in the world to take 
advantage of Contrast Enhanced Spectral Mammography, a technique 
based on dual energy acquisitions.

For a woman facing even the slightest hint of a breast cancer diagnosis, 
the answers can’t come soon enough.

Performed as an adjunct to inconclusive mammography and ultrasound, 
SenoBright Contrast Enhanced Spectral Mammography highlights areas 
of unusual blood fl ow patterns that may be cause for suspicion. The exam 
can be performed using the same mammography equipment, in the same 
room, and takes less than 10 minutes. You’ll have answers to help you 
follow up with your patient faster.

Learn more at gehealthcare.com/senobright

SenoBright*—Stand Out
Get answers to your patients faster

Mammography CC; SenoBright CC; 
SenoBright MLO; Mammography MLO


