
Introduction
Multiple clinical studies have demonstrated that the use  

of screening mammography reduces mortality from breast 
cancer.1, 2, 3 The efficacy of mammography depends upon the 
ability to identify cancers based on the differing absorption 
of x-rays in cancerous tissue compared to adipose and 
glandular tissue. In mammography cancers often appear 
‘white’, similar to normal glandular tissue, making cancer 
detection challenging, particularly in denser breasts with 
large areas of fibroglandular structures. Breast tomosynthesis, 
or 3D mammography, has been shown to offer advantages 
in improving both cancer detection and reducing false 
positives, through the reduction of superimposed tissue.4 Both 
conventional mammography and tomosynthesis are used to 
evaluate lesion morphology, or shape.

Imaging a contrast agent that has preferential uptake 
in regions of increased vascularity provides physiological 
information that may complement the morphological 
information obtained through mammography or 
tomosynthesis. This concept is the cornerstone for the use of 
well-known Gd-MRI breast imaging.5 It has been proposed 
that the use of a standard iodinated CT contrast agent and 
using x-ray imaging might also give functional information  
and have preferential uptake in breast cancers.6 Early studies 
using iodine agents tried two basic approaches: dual energy 
imaging7 and background subtraction.8 In dual energy imaging, 
two images are generated in rapid temporal succession from 
two different x-ray energies and are subtracted to enhance the 
visibility of the iodine. In background subtraction, an image 
is acquired before contrast injection and then it is subtracted 
from subsequent images taken after injection, in some cases 
minutes after the initial image. The majority of development 
initiatives to date have used the dual energy approach, as it 
offers certain advantages such as reduced sensitivity to patient 
motion and the improved/facilitated ability to perform  
bilateral examinations.
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What is Contrast Mammography?
Contrast mammography refers to the imaging of an 

iodinated contrast agent using mammographic x-ray imaging 
equipment. The common acronym used is CE, which refers 
to Contrast Enhanced imaging. The contrast agents used are 
the ones typically employed in standard CT examinations. 
Contrast mammography can be done using 2D imaging, 3D 
imaging, or a combination of 2D and 3D imaging. In this 
paper, we will refer to 2D contrast imaging as CE2D (contrast 
enhanced 2D). 3D contrast imaging (CE3D), where a 3D 
image of the contrast agent is obtained, is not commercially 
available at this time. There is also a hybrid imaging approach, 
CE2D + 3D, where the contrast enhanced image is acquired 
using 2D imaging, and in addition there is a co-registered 3D 
image set that does not show the contrast uptake but that can 
be used to localize, and visualize in 3D, lesions found in the 
CE2D image.

Why is Contrast Mammography Useful?
Contrast mammography is useful because the contrast 

agent has been shown to accumulate preferentially in lesions 
that are metabolically active. It therefore can be used to identify 
lesions and potential malignancies. Because the contrast agent 
accumulates based on local breast physiology, images of the 
contrast agent offer information complementary to the strictly 
morphological image obtained using x-ray mammography. 
Additionally, the imaging of the contrast agent is mostly 
unaffected by dense breast tissue, so contrast mammography 
can be useful in dense breasts, where the performance of 
conventional imaging degrades.

How Does Contrast Mammography Work? 
For tumors to grow, they need a blood supply, and 

capillary growth to deliver the blood. Rapidly growing tumors 
cause poorly differentiated vessels to be created. These vessels 
can in turn leak, and when the contrast agent is circulated 



through the blood, it leaks from vessels into the extracellular 
space and accumulates in the tumor with sufficient 
concentration to allow x-ray imaging of its distribution.

How is the Contrast Agent Imaged?
The absolute concentration of the contrast agent in breast 

tissue is very low, even in a large malignant tumor. If a normal 
mammographic x-ray exposure is made after administration of 
the contrast agent, it is difficult to see any enhancement due 
to the presence of the contrast agent in the breast, because the 
amount of iodine is very small. Special imaging techniques 
are employed to enhance the imaging of the contrast agent. 
Dual energy imaging is used, working on the principle that 
the iodine in the contrast agent absorbs x-rays differently at 
different energies compared to normal breast tissue. In dual 
energy imaging, two exposures are made to obtain one low 
energy image and one high energy image. 

The low energy image is a standard mammographic 
image acquired using the same kV ranges (~28-33) and x-ray 
filters (Rh and Ag) commonly used in mammography. The 

second exposure, the high energy image, is made at a high kV, 
typically 45-49 kV and commonly employs a copper filter. The 
x-ray energies of the low energy exposure are below the ‘k-edge’ 
of iodine (33 keV), and because of this the x-rays are not 
stopped by the iodine; therefore this low energy image contains 
only the breast parenchyma structures. The x-ray energies of 
the high energy exposure are above the k-edge and x-rays are 
effectively stopped in the iodine, thus resulting in an image 
which contains both the breast parenchyma and the iodine 
concentrations, comingled together. 

The final resultant image is a subtraction of the two 
images. The subtraction removes the breast parenchyma and 
adipose tissue (which are present in both the low and high 
energy images) and leaves an image which consists primarily of 
the relative distribution of iodine in the breast.

When Is Contrast Mammography Used?
As a general guideline, contrast enhanced mammography 

is used as an adjunct following mammography and/or 
ultrasound examinations to localize a known or suspected 

Figure 1.  The low energy mammograms pre-injection (a) and post-injection (b) look almost identical, as the contrast uptake is not easily distinguished.  
The high energy mammogram (c) shows the lesion, as well as the breast parenchyma, but both at low contrast due to the high kV of the exposure. The final 
dual-energy subtracted image (d) removes most of the parenchyma and clearly shows the iodine uptake in the single isolated lesion.



lesion. Iodine contrast agents behave similarly to the 
gadolinium contrast agents employed in breast MRI imaging.9 
Because of this, it has been proposed that CE imaging be used 
in the same clinical indications as breast MRI.10 Additionally, it 
may be useful in a subset of women who cannot undergo MRI 
imaging for a variety of reasons, such as claustrophobia.

The potential clinical uses of breast MRI, and therefore for 
contrast mammography, are to:

• 	Evaluate	breasts	that	are	difficult	to	interpret
with mammography

• Identify	potential	undetected	malignancies

• Image	patients	contraindicated	for	MRI

• Monitor	effectiveness	of	drug	therapy

• Evaluate	extent	of	disease

As discussed by Lobbes in his paper, these applications
for contrast mammography are at this time speculative, and 
research is needed to determine the efficacy of the technique.

Clinical Performance of Contrast Mammography
A number of scientific papers and presentations have 

looked at the performance of contrast mammography. It has 
been compared to mammography, ultrasound, and MRI. 
Dromain found CE2D+2D+US to be superior in diagnostic 
accuracy compared to 2D+US alone.11 Fallenberg concluded 
that both CE2D and MRI had similar sensitivity in breast 
cancer detection, and both were superior to 2D.12 Jochelson 
reported that CE2D has approximately similar sensitivity 
compared to MRI in the detection of breast cancer and is more 
specific in identifying additional foci in the ipsilateral breast.13 
Lobbes looked at the performance of CE2D in women recalled 
from screening, and found that CE2D increased the diagnostic 
performance of conventional 2D imaging.14 

While no commercial systems are available employing 
three-dimensional contrast imaging (CE3D) some researchers 
have investigated this possibility. Chen15 and Carton16 presented 
early work on CE3D. More recently, and in a larger study, 
Chou17 found that CE3D (along with CE2D and 2D and 3D) 
had similar clinical performance to Gd-MRI when measured 
using ROC curve area, and that both modalities detected all 
the invasive cancers in the study of 102 women. For non-
invasive cancer, calcifications, and architectural distortions, 
contrast enhancement in CE3D imaging had similar or better 
diagnostic sensitivity when compared to Gd-MRI.

Comparison to MRI
In addition to the clinical performance reported above, 

a comparison of the two modalities can be made based on 
equipment differences. CE may be a lower cost procedure, 
because the system cost is lower, and the procedure time 
is shorter. Other possible advantages of CE include easier 
access to the equipment, particularly at sites with heavy 
MRI utilization, and system flexibility in that the same 
mammography system can be used if desired for high volume 
screening, diagnostic work ups, biopsy, and the contrast 
procedure. There are advantages of MRI relative to CE 
imaging, including acceptance of MRI as the current standard 
of care, the ability of MRI to image both breasts more easily 
than CE imaging, and the opportunity to measure tracer 
kinetics with MRI. 

Some important advantages and disadvantages of each 
procedure are shown in the following chart:

Comparison of MRI to 
CE Imaging

MRI with Gd 
contrast agent

X-ray CE with Iodine
contrast agent

Standard of care •

Image both breasts in 
one acquisition

•

Easy to measure tracer 
kinetics

•

Uses contrast agent • •

Risk of adverse reaction 
to the contrast agent

• •

Image both breasts 
in one injection

• •

Equipment costs 
< $1 million

•

Short procedure time •

Imaging of  
microcalcifications18* • 

Contraindications
MRI with Gd 

contrast agent
X-ray CE with Iodine

contrast agent

Allergy to contrast media • •

Claustrophobia •

Metallic/electronic 
implants; shrapnel

•

Unable to lie prone •

There are contraindications to both Gd-MRI and to CE 
mammography, including allergic reactions to the Gd and 
Iodine contrast media. In addition, certain contraindications to 
MRI imaging may make a contrast procedure performed on a 
CE mammography system a feasible alternative. A comparison 
of some contraindications for these procedures is listed below:



The Iodine Contrast Agent
Contrast enhanced mammography uses standard CT 

non-ionic iodine contrast media. Some CT iodinated 
contrast agents are Iobitridol (Xenetix), Iopamidol (Isovue), 
Iohexol (Omnipaque), Iopromide (Ultravist), and Iodixanol 
(Visipaque).19 

The use of iodine contrast media comes with the risk 
of side effects, as does the use of Gd contrast media.20 Both 
Gadolinium and Iodine contrast media have reported a risk 
of death, which while extremely rare, does occur, with Gd 
reporting the frequency is 1/100,000 procedures and iodine 
0.9/100,000. In terms of severe reactions, the frequency for 
Gd is 15/100,000 and for iodine 157/100,000. Standard 
precautions need to be taken to assess proper renal sufficiency 
for the procedure. No publications on contrast mammography 
have reported either a severe reaction or death.

Clinical Protocol
Users of contrast mammography have reported that the 

contrast media is administered via an intravenous injection 
(often 1.5 ml of media per kg body weight) of non-ionic 
contrast having a concentration of 300-370 mg/ml of iodine21 
Conspicuity of lesions was subjectively improved with the.
higher iodine concentration.22 The injection is given using a 
power injector at a nominal rate of 3 ml/sec, so for a 67 kg 
(147 lb) woman there might be 100 ml of contrast injected 
in about 33 seconds. The woman can be seated during the 
injection, and her breasts are not under compression during 
the injection, to facilitate blood flow into the breast.

The appropriate left or right breast is compressed into 
the desired projection such as CC or MLO approximately 

two minutes after the start of the contrast injection, and 
the first dual energy acquisition is performed. During the 
optimal imaging window of approximately 2 to 8 minutes 
post injection, additional projections of the same breast can 
be acquired and/or images of the other breast may be taken. 
The breast is compressed in the standard way for each dual 
energy exposure – proper compression is required – but the 
breast can be uncompressed between exposures. Commonly, 
both CC and MLO imaging are performed for both breasts. 
The order of breasts and projections is determined by the site, 
and depends upon the clinical protocol, for example, if the 
examination is mainly focused on the left breast then it may 
be appropriate to image the left breast first, when the contrast 
agent has its highest concentration.

A recommended window for the contrast imaging is 
shown in the figure below. The start time for the imaging 
window is commonly given as 2 minutes following initiation 
of the injection, and the end time is perhaps 8 minutes 
following injection start. This gives approximately 6 minutes 
in which to acquire the desired views. Similarly to Gd 
behavior in MRI imaging, as time progresses the visibility 
of lesions may decrease due to wash out and to background 
enhancement. 

The imaging results in both a low energy mammogram, 
which is a normal mammogram, and the contrast-enhanced 
mammogram. There is typically no need to perform pre-
contrast images, either 2D or 3D, because the post-contrast 
low energy 2D or 3D images have been determined to be 
acceptable replacements for the pre-contrast images.23

Figure 2.  CE2D imaging starts approximately two minutes post injection. The breast is compressed, and then a sequence of low (L) and high (H) dual 
energy images are automatically acquired. 



Preparing the Site
Breast clinics considering the implementation of CE 

mammography must be prepared to administer the contrast 
agent. A power injector is commonly used to deliver the bolus 
of contrast agent. In addition, patients will need to be assessed 
for renal sufficiency, and site personnel will need to determine 
if there is any history of reactions to contrast agents. Finally, 
the appropriate medical personnel and equipment needs to 
be available in case of adverse reactions to the contrast agent 
injection. These adverse reactions are quite rare, but can be 
severe and do occur, as with gadolinium breast MRI imaging. 
Guidelines for the safe use of contrast agent must be followed.

2D and 2D-Combo Contrast Imaging.
The initial investigations into contrast mammography 

used 2D imaging. The low and high energy imaging pairs 
are 2D mammograms, and the subsequent subtracted CE2D 
contrast image is similarly a 2D image. It has been proposed 
and initial studies conducted on the generation of contrast 
images using 3D imaging.24 There may be no great advantage 
to obtaining a 3D contrast image over a 2D contrast image, 
because unlike conventional mammography where 3D is 
superior to 2D due to clarification of overlapping structures, 
there typically aren’t overlapping contrast-enhancing structures 
in a contrast- enhanced breast image that inhibit proper  
image evaluation. Lesions that enhance are often small in 
number, and spatially distinct. However, one advantage of a 
3D image over a 2D image is in the ability to localize objects 
in the breast. 

Hologic has introduced a mode, CE2D plus 3D, that 
generates both the 2D contrast image and a correlated 3D 
non-contrast image that can be used to localize lesions seen in 
the CE2D image. The image examples in this paper illustrate 
how the CE2D combo procedure, CE2D plus 3D, gives 
additional information in the tomo slices that are not obtained 
using a standard CE2D protocol.

Imaging Mode 2D mammogram 2D contrast image 3D image

CE2D • •

CE2D plus 3D • • •

Figure 3.  When CE2D is performed as part of a combo study, a tomo scan (3D) is performed along with the low (L) and high (H) 2D mammograms. 

CE2D results in both the normal mammogram and the 
2D contrast image. If the combo study CE2D plus 3D is 
performed, there is a co-registered 3D image set in addition to 
the 2D images.

Radiation Dose
CE2D uses x-rays so there is radiation exposure for the 

procedure; however these procedures are done on symptomatic 
patients where radiation levels are of less concern then in 
screening asymptomatic women. The dual energy technique 
has two exposures, the low energy exposure and the high 
energy exposure. The high energy exposure has approximately 
50% of the dose of the low energy, so a single CE2D 
acquisition has 1.5x the dose of the normal mammogram. If a 
CE2D plus 3D combo exam is performed, there is additional 
radiation from the 3D portion, typically 1.2x the dose of a 
normal 2D mammogram. 

Conclusions
Contrast enhanced mammography may be a viable 

alternative to breast MRI in performing contrast agent breast 
imaging. It offers certain advantages over MRI, including 
reduced cost and shorter procedure times. The imaging 
combination of contrast enhanced 2D imaging (CE2D) along 
with a 3D tomo scan, gives additional information beyond 
a CE2D examination alone, and may allow localization 
and morphologic evaluation of an enhancing lesion, further 
increasing the value of the CE2D procedure.



Figure 4.  This heterogeneously dense breast had cancer, IDC + DCIS, which enhanced strongly on the CE2D 
image. Associated architectural distortion of the lesion can be seen in the tomo slice. 

Figure 5.  IDC + DCIS lesion enhanced on CE2D. The spiculations can be seen in the 2D image, but are better 
appreciated in the tomo slice.



Figure 6.  IDC enhances well on CE2D with spiculations seen on the tomo slice.

Glossary
Term Meaning

2D Digital mammography

3D Breast tomosynthesis; also known as tomo, or 3D mammography

CE Contrast enhanced (imaging)

CE2D Contrast enhanced 2D image

CE2D + 3D Combo study with contrast enhanced 2D image and standard 3D image.

CT Computed Tomography

DM Digital mammography; also known as 2D 

Gd-MRI Gadolinium contrast-enhanced breast MRI

Low energy Low kV exposure performed as part of the dual energy pair in CE2D acquisition; 
similar to normal mammogram

High energy High kV exposure performed as part of the dual energy pair in CE2D acquisition.

US Ultrasound
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