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Contrast-enhanced digital mammography (CEDM) 
was first introduced to clinical use by Lewin 
et al. in 2003 [1]; since then, the use of CEDM in 
clinical practice has evolved with increasing equip-
ment installation, clinical experience and clinical 
application.

The principle behind CEDM is similar to that 
of breast magnetic resonance imaging [2] as they 
both assess tumour neoangiogenesis; therefore, 
with some exceptions, most of the indications for 
breast MRI apply to CEDM.

CEDM is increasingly being adopted in 
breast-imaging centres, largely due to early clini-
cal studies demonstrating this technology’s abil-
ity to provide both anatomic and functional 
information of breast parenchyma similar to MRI 
but at a lower cost and shorter duration of exami-
nation. Because such capability can be an added 
feature to the newer generation mammogram 
machines, we expect that the use of CEDM will 
increase. However, there is limited guidance 
regarding how to best implement this technology, 
and there are no standard guidelines for the clini-
cal use of CEDM. In this chapter, we discuss the 
implementation of CEDM into the clinical prac-
tice setting, with a review of the available 

 literature and perspectives from our large tertiary 
academic hospital.

Since the implementation of CEDM in 2016, 
Careggi University Hospital in Florence, Italy, 
has performed approximately 800 examinations. 
CEDM is now being conducted almost daily as 
an essential part of the diagnostic workup, in 
which a majority (75%) of our cases have a breast 
cancer diagnosis, and imaging is performed to 
evaluate the extent of disease. Twenty-five per-
cent of CEDM cases are performed for additional 
diagnostic evaluation of inconclusive imaging 
findings on mammography. The remainder of our 
indications includes an assessment of the 
response to neoadjuvant chemotherapy (NAC), 
patients with a history of breast cancer and 
screening of high-risk patients for whom MRI is 
contraindicated.

7.1  Configuring a Contrast- 
Enhanced Digital 
Mammography (CEDM) Unit

The U.S. Food and Drug Administration (FDA) 
approved contrast-enhanced mammography sys-
tems in 2011, with the first system to be approved 
being the GE Essential SenoBright system (GE 
Healthcare), known as contrast-enhanced spec-
tral mammography (CESM). Subsequently, in 
2013, the Hologic Dimensions I-View (Hologic) 
system was approved, which is known as 
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 contrast- enhanced digital mammography 
(CEDM). Other vendors are currently working 
on prototypes. Most current-generation mam-
mography systems are frequently delivered with 
CEDM capability, reflecting the feasibility of 
implementing CEDM into breast-imaging prac-
tice in terms of equipment costs and space 
allocation.

CEDM can be performed in the existing mam-
mography suite for practices that own a CEDM- 
capable mammography system. Implementation 
requires only the acquisition of a standard con-
trast power injector, purchase of a software 
upgrade from the vendor and insertion of a cop-
per filter into the existing mammography unit [3, 
4]. Hence, this is the beauty of incorporating 
CEDM, as it is just a technology application that 
is uploaded into an existing mammogram unit, 
precluding the need for additional space, and it 
fits nicely without disruption into the workflow.

For practices that do not own a CEDM-capable 
mammography system, the acquisition costs are 
higher. However, implementing a CEDM-capable 
mammography unit would definitely be benefi-
cial for any breast-imaging centre because the 
system can provide the unit with standard 2D and 
3D mammography as well as a CEDM upgrade 
capability and can also perform stereotactic- 
guided procedures.

7.1.1  Patient Issues

Breast CEDM patients comprise a subset of 
patients who have issues, typically because they 
have a known cancer, have a relatively high risk 
for cancer or have an issue on their mammogram 
that requires further testing. As a result, these 
patients are generally anxious. Performing an 
MRI examination for these patients can  exacerbate 
this anxiety, as they would have to wait for an 
opening in the MRI examination schedule; in con-
trast, CEDM can be performed on the same day in 
the existing mammography suite. The presence of 
a CEDM unit at our centres has allowed us to 
image patients quickly because we can perform 
CEDM on the same day that a patient is referred 
to us for a suspicious breast mass; therefore, we 

avoid any delay involved with the patient receiv-
ing an MRI examination.

CEDM examinations can be added to a full 
breast-imaging schedule at our breast units in 
Careggi University Hospital and Kuala Lumpur 
Hospital (KLH) with little disruption to our 
schedule, similar to the case of a breast ultra-
sound (US). At our centres, we observed that the 
total “room time” to perform a CEDM is approxi-
mately 20 minutes.

Hobbs et  al. [5] studied the differences in 
patient preference and tolerance between CEDM 
and MRI. Although patients graded breast com-
pression or positioning and contrast administra-
tion less favourably for CEDM, in general, they 
still expressed a preference for CEDM over 
breast MRI. Based on the experience at our cen-
tres, we observed a greater ease of scheduling, 
faster imaging and interpretation times, and 
improved patient compliance and tolerance 
when we performed CEDM compared with 
those of MRI.

CEDM is particularly useful for patients with 
claustrophobia, leading to higher satisfaction 
among patients and referring clinicians than that 
seen in MRI. CEDM may also be beneficial for 
patients with other contraindications to MRI such 
as body habitus, table weight limits and the pres-
ence of pacemakers.

Patient anxiety can be reduced by providing 
information about the CEDM procedure during 
the consultation along with a patient fact card 
explaining what to expect (Fig. 7.1). The radi-
ologist or referring physician should inform 
and counsel patients to ensure that there are no 
absolute contraindications for CEDM contrast 
agents. It is also helpful to explain in advance 
the necessity of injecting contrast; as such a 
discussion would exclude any prior history of 
reaction to contrast. Proper patient screening, 
adequate prophylactic measures and training of 
staff to cope with hypersensitivity reactions can 
prevent certain adverse reactions or their com-
plications. Radiologists should be familiar with 
all potential adverse renal events, including 
contrast-induced nephropathy, and should plan 
strategies with the referring physicians to lower 
their incidences [6].
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Fig. 7.1 Patient fact card
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Contrast Enhanced Digital Mammography (CEDM)

Patient Information Sheet

This leaflet aims to answer some frequently asked questions about CEDM in Kuala Lumpur 

Hospital. If you have any further questions, please feel free to speak to a member of the breast 

imaging team caring for you.

What is CEDM? 

CEDM uses an iodinated contrast dye, in combination with mammography, to make cancers that 

are not visible on standard mammograms to show up as enhancing areas. The contrast is injected 

into an arm vein.

Why might I need a CEDM and what are the benefits?

Your doctor may recommend that you have a CEDM for:

•     Evaluating any breast lump that was found during a physical examination or previous imaging.

•     Breast cancer screening for women who are at increased risk for developing breast cancer and 

      for women who have dense breasts. 

In multiple studies, CEDM equaled MRI in its ability to detect breast cancer and is superior to 

both standard mammography and breast ultrasound, especially in women with dense breasts.

People who get CEDMs are exposed to slightly more radiation than people who get regular 

mammograms, however, the extra dose is still within the dose recommendations for diagnostic 

purposes.

Some people can have an allergic reaction to IV contrast. Most reactions are mild, such as hives, 

however, some people can have more serious reactions, such as shortness of breath or facial 

swelling.

What are the risks of a CEDM?
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Who shouldn’t get a CEDM?

CEDMs aren’t safe for everyone. Do inform us promptly:

• If you are pregnant/breastfeeding

• If you are allergic to iodine/seafood

• If you have renal (kidney) failure or asthma

Before your CEDM

If you are older than 70 years, or have any underlying kidney disease or diabetes, you will need 

to have a blood test called serum creatinine. You will be exempted from this test if you have 

had a serum creatinine done within 3 months before your CEDM.

On the day of your CEDM

We recommend you to be fasted for at least 4 hours prior to your scheduled appointment as the 

contrast may cause some mild nausea.

Do not put on any deodorant, powder, lotion, perfume or cream before your CEDM.

After a brief interview, you will be required to sign an informed consent giving us permission to 

administer the contrast media. An intravenous (1V) line will then be inserted into a vein in your 

arm by the doctor or nurse, through which the IV contrast will be given.

It is normal to have a warm sensation and a metallic taste in your throat as you are getting the 

IV contrast. At this point, do let the nurse or technologist know if you feel any pain at your IV 

site or have any other unusual symptoms.

Two minutes after injection of the IV contrast, the mammograms will be performed. 

The entire procedure will not normally last more than 20 minutes.

After your CEDM

Once the CEDM examination is completed, you will be asked to sit in the waiting room. Your 

radiologist will inform you if you need any additional imaging such as an ultrasound or biopsy.

Once all the additional imaging is completed and if you have no reaction to the contrast media, 

a nurse will remove your IV line and place a bandage (Band-Aid®) over the area.

It is advisable to drink at least 6 to 8 glasses of water after the examination, as it would help to 

remove the contrast from your kidneys.

Most people will be informed of the results of the CEDM on the same day and a report of your 

examination will be sent to your doctor within a few days after your test.

Fig. 7.1 (continued)
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Before a patient undergoes a CEDM examina-
tion, the patient and referring physician should 
possess a clear understanding of the potential 
outcomes. The patient must be aware that CEDM 
is a complementary test that may generate addi-
tional workup with a complementary ultrasonog-
raphy, with the possibility of a core needle biopsy 
due to findings on the CEDM.

As CEDM is an adjunctive test that is used 
only in specific clinical situations in view of the 
added radiation doses received, patient self- 
referral for breast CEDM should be discouraged. 
The physicians should also be made aware that 
there will be an added radiation dose to the breast 
during the procedure [7]. Therefore, it may be 
helpful initially to designate a single radiologist 
to screen and protocol all referred breast CEDM 
cases to ensure that the appropriate patients are 
being scanned. This approach would include 
requests from clinicians who may not initially 
understand the importance of careful patient 
selection. We found it helpful to provide referring 
physicians with a presentation on this new tech-
nique available at our centre in addition to pro-
viding them with a memo on the appropriate 
indications for CEDM referrals.

7.1.2  Radiologist and Technologist 
Considerations

As with any new imaging modality, training is an 
important factor in the implementation process. 
CEDM was implemented at our centres in Careggi 
University Hospital and KLH by our existing mam-
mography technologists who were trained to per-
form CEDM, and there was no need to hire 
additional technologists. The radiologists, technol-
ogists and physicists are required to undergo train-
ing in CEDM, which is typically offered through 
application training provided by the vendors.

Initially, it may be useful to scan patients with 
known cancers to develop a sense of confidence 
and build a knowledge base. Additionally, these 
patients are likely going to the operating room, 
regardless, and any additional information that 
the CEDM examination provides will likely only 
help them.

Nursing support may be beneficial for place-
ment of the intravenous (IV) line and assistance 
with management of contrast reactions; thus, a 
dedicated nurse is always present during CEDM 
procedures at our centres. A radiologist or other 
licensed physician must always be present in the 
mammography suite during CEDM imaging to 
evaluate and treat any contrast-associated 
reaction.

Another important consideration for technolo-
gists is that the timeline of 6 minutes to complete 
all imaging is sufficient to acquire all four standard 
mammographic views. Emphasizing this point to 
technologists is important, because patients may 
experience increased anxiety when they feel 
rushed through the imaging process, frequently 
resulting in motion artefacts on the recombined 
images. Apprehension among the technologists at 
our centres was particularly apparent when we 
began implementing the CEDM unit; however, 
this apprehension lessened with increasing 
experience.

Contrast splatter mimicking calcifications is 
another artefact that we occasionally observe. At 
Careggi University Hospital and KLH, we ensure 
that a nurse or medical officer inserts the intrave-
nous line and performs contrast administration 
away from the mammogram machine, after 
which patient positioning is performed by the 
technician. Marc Lobbes of the Maastricht 
University Medical Centre reported that his cen-
tre expressly ensures that the technologist han-
dling contrast administration does not perform 
patient positioning; additionally, the technologist 
uses gloves that are discarded prior to image 
acquisition.

7.1.3  Radiation Dose 
Considerations

Among the limitations of CEDM is the added 
radiation dose involved in the examination. 
Dromain et al. [8] were the first to report on the 
CEDM radiation dose, for which they observed 
an increase of a 20% higher radiation dose in 
CEDM relative to full-field digital mammogra-
phy (FFDM).
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Subsequently, Jeukens et al. [7] demonstrated 
that the average glandular dose for CEDM was 
2.80  mGy relative to 1.55  mGy for routine 
FFDM.

More recently, James et  al. [9] performed 
phantom studies to observe the radiation expo-
sure in both dense and non-dense breast tissue. In 
their study, CEDM was found to increase the 
average glandular dose at a mean breast thickness 
of 63  mm by approximately 0.9  mGy and 
0.5 mGy relative to 2D FFDM and 3D tomosyn-
thesis, respectively; however, the additional radi-
ation exposure was still below the dose limit of 
3  mGy set by the US Mammography Quality 
Standards Act (MQSA) guidelines. James et  al. 
concluded that the benefits obtained by the addi-
tional contrast images offset the additional 
radiation.

Yakoumakis et al. [10] reported that the low- 
energy mammography is the main contributor to 
the total glandular breast dose in CEDM. At our 
centre in KLH, when patients older than 40 years 
of age are referred for a suspicious breast mass, 
we immediately perform CEDM because the 
low- energy image obtained in the CEDM exami-
nation is equivalent to that of a standard mam-
mogram. Therefore, the only added radiation 
dose received would be the high-energy expo-
sure, which is minimal. However, the additional 
dose should always be kept in mind when decid-
ing to use this examination.

7.1.4  Examination Interpretation 
and Results Communication

For radiologists, in addition to training on the 
technical aspects, a learning curve is also 
required for image interpretation. Lalji et  al. 
[11] demonstrated that CEDM requires a mini-
mal learning curve to effectively interpret stud-
ies in their study, which included ten readers; 
among which were radiologists who were expe-
rienced in reading CEDM exams, experienced 
breast radiologists without any prior experience 
in CEDM and radiology residents. Even in our 
setting, we have observed CEDM to be rela-
tively straightforward to interpret compared 

with the interpretation of FFDM alone and 
MRI.  Radiologists will generally observe a 
decrease in recall rates and also fewer short-
term follow-up cases. To breast radiologists, 
CEDM images look familiar and may be faster 
to interpret than MRI images, with a mean total 
image interpretation time of 1–2 minutes [3, 4]. 
As with mammographic interpretation, commu-
nication with the referring physician about the 
final recommendation is necessary in CEDM 
studies. Considering the ease of interpretation of 
CEDM examinations, the radiologist can inform 
patients of the results of the CEDM procedure 
on the same day. At our centre, we have a con-
sultation room adjacent to the CEDM examina-
tion room where we interpret the images 
immediately after the procedure and provide 
patients with their reports before they leave. If a 
new lesion is found on CEDM, we can immedi-
ately perform a complementary US, and an US- 
guided core biopsy procedure can be performed 
during the same sitting. This capability mark-
edly reduces patient anxiety and waiting time.

7.2  Performing Contrast- 
Enhanced Imaging 
of the Breast

7.2.1  Patient Handling

Prior to performing a CEDM examination, 
patients should be provided with thorough 
instructions regarding the procedure and 
informed of potential adverse reactions to iodin-
ated contrast media. An informed consent should 
be obtained from patients before the administra-
tion of contrast media. After a careful assessment 
of the patient’s medical history, including known 
allergies, particularly to iodinated contrast media, 
and a laboratory evaluation of renal function, 
peripheral intravenous (IV) access is obtained in 
the antecubital fossa, preferably with a 22-gauge 
needle. A dose of 1.5 mL/kg of iodinated contrast 
material (300–370  mg iodine/mL) is adminis-
tered by a power injector at a rate of 2–3 mL/s. A 
20-mL saline bolus is administered following 
contrast injection to achieve a significant bolus 
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administration and optimal delivery of contrast to 
tissues, thus improving image quality.

After contrast injection is completed, the con-
necting tubing is detached from the patient, while 
the catheter remains in place until the end of the 
examination. The acquisition of the images 
begins 2 minutes after contrast injection, and care 
must be taken to complete the examination within 
8  minutes following contrast media injection. 
During this time, the patient is monitored for any 
adverse reaction to the iodinated contrast mate-
rial. A 2 minute delay after injection is essential, 
as applying compression too early may result in 
retained contrast media within vessels outside the 
breast, preventing the contrast from flowing in 
sufficiently and producing a bolus in major ves-
sels that is visible in early images.

At our centres, the entire CEDM procedure 
takes approximately 20 minutes, after which the 
patient changes her clothes and waits for us to 
review the images before she is called to the con-
sultation room, where the results are explained to 
her. If any areas of abnormal enhancement are 
detected based on the CEDM, the patient is 
immediately subjected to a second-look US to 
locate the lesion, and US- guided core biopsy is 
performed.

This process takes approximately 30 minutes 
post-procedure, which is sufficient time for us to 
observe any contrast reaction that may occur, and 
the IV line is kept in place in case any severe con-
trast reactions are observed.

7.2.2  Contrast Reactions

Although the use of contrast media is generally 
considered safe and beneficial in medical imag-
ing, such use occasionally results in adverse 
events in patients. A 0.6% reaction rate to IV 
injections of non-ionic contrast media has been 
reported [12].

All life-threatening contrast reactions typi-
cally occur immediately or within 20  minutes 
after contrast administration; therefore, it is nec-
essary to observe the patient post-contrast admin-
istration. General precautions should be taken to 
ensure that the likelihood of severe adverse reac-

tions is minimal, such as ensuring that patients 
are adequately hydrated and that emergency 
equipment is available in the CEDM suite [6].

All staff involved with the CEDM unit should 
have up-to-date anaphylaxis training and the con-
tact information for the institution’s emergency 
response team. They should know the location of 
emergency monitoring equipment and medica-
tions. The American College of Radiology 
recently designed a contrast reaction card that 
summarizes the important steps for managing an 
acute reaction to contrast agents, which is avail-
able on their website. Each card is the size of a 
driver’s licence, which has been distributed to all 
our staff associated with the CEDM unit of our 
centre in KLH. According to Marc Lobbes, the 
Maastricht University Medical Centre performs 
annual training to cope with these reactions, 
which has worked well for their centre.

7.2.3  Image Acquisition

Image acquisition includes full-field exposures 
obtained at high and low energies using standard 
craniocaudal (CC) and mediolateral oblique 
(MLO) projections of each breast. The imaging 
protocol is typically configured in the system, 
and the order of image acquisition has not been 
shown to be relevant. Each facility must deter-
mine their own CEDM protocol to stimulate a 
consistent protocol. At KLH, we perform the CC 
projection on the suspected side first, in an 
attempt to capture early arterial enhancement and 
minimize false-negative results from early wash-
out; subsequently, the contralateral breast is 
imaged in CC view and then followed by the 
MLO projections of both breasts. If enhancement 
is seen on the suspected side, we obtain an image 
after 8 minutes in the delayed phase to assess the 
enhancement kinetics that may provide addi-
tional information regarding the likelihood of 
malignancy. Although there is still no evidence 
that the kinetics in CEDM is similar to that of 
breast MRI, based on our experience at Careggi 
University Hospital and KLH, the incorporation 
of a delayed acquisition provides a relatively 
accurate guide to the lesion morphology.
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The low-energy mammograms are performed 
at the same peak kilovoltage (kVp) as full-field 
digital mammography (FFDM) at 25–33  kVp 
and with the same filtration of either rhodium or 
silver. The high-energy acquisition is performed 
at a higher value of 45–49 kVp, optimized to the 
k-edge of iodine and using a copper filter. In 
2002, Skarpathiotakis et  al. [13] compared alu-
minium, molybdenum and copper filters for 
CEDM and concluded that copper is a suitable 
choice because it is relatively transparent to 
X-rays at energies where iodine attenuates them 
most heavily, thereby providing high contrast. 
They also inferred that due to a k-edge of copper 
at 9 keV, high attenuation occurs at low energies, 
thereby reducing the dose to the breast from rela-
tively low-energy X-rays.

Recombined images are produced by the can-
cellation of background breast tissue and sent to 
the picture archiving and communication system 
(PACS) together with the low-energy images.

7.3  Clinical Applications

A detailed description and background of the clin-
ical indications of CEDM are comprehensively 
discussed in Chapter 6. We provide here a brief 
summary of the clinical indications with a note on 
our clinical experience for each indication.

7.3.1  Inconclusive Findings 
in Conventional Imaging

Occasionally, a mammographic finding may be 
inconclusive even when additional problem- 
solving views and sonograms have been obtained. 
This situation arises because the diagnostic accu-
racy of FFDM is highly dependent on the fibro-
glandular density of breast parenchyma [14]. 
Additional imaging is typically required in 
response to difficult-to-interpret mammograms, 
such as in cases of a focal asymmetry, evaluation 
of architectural distortion and differentiation 
between a scar and a recurrent cancer.

Several studies have been conducted to com-
pare the feasibility of CEDM with that of 

 conventional breast imaging in breast cancer 
detection; these studies showed that CEDM 
detects more malignant tumours than does mam-
mograms [2, 8, 11, 15–17].

Also notable is the comparison of CEDM to 
MRI in the diagnosis of cancer, regarding which 
very limited literature is available. A cornerstone 
in this context was laid by Fallenberg et al. [18], 
who demonstrated that bilateral dual-energy 
CEDM and MRI are superior to mammogram in 
breast tumour detection, with CEDM performing 
slightly better than MRI, exhibiting an increase 
in lesion detection by 17.5% relative to FFDM 
and 2.6% relative to MRI.  In this report, the 
authors also demonstrated that CEDM has an 
excellent correlation with respect to the evalua-
tion of the extent of the disease. They also 
observed that CEDM recognized two cancers 
undetected by MRI, an invasive lobular carci-
noma (ILC) and an invasive ductal carcinoma 
(IDC), plus ductal carcinoma in situ (DCIS). 
They inferred that in the absence of neoangio-
genesis, contrast media moved into the ducts by 
diffusion as the possible explanation for the 
enhancement of DCIS in CEDM. That study sug-
gested that longer time delays between contrast 
injection and CEDM exposure can result in 
stronger enhancement and better visibility of 
DCIS in CEDM compared to MRI because the 
amount of contrast reaching the tissue by diffu-
sion is time- dependent. The authors concluded 
that the significant role of delayed acquisition of 
contrast-enhanced images in CEDM allowed bet-
ter visibility of certain cancers relative to MRI, 
particularly when neovascularization is absent 
and only mild or low enhancement is present due 
to diffusion of the contrast media into the ducts. 
At Careggi University Hospital, we have also 
observed that some lower grade tumours are 
enhanced more vividly in the second mammo-
graphic view than in the first view (Fig. 7.2).

However, note that a negative CEDM does not 
preclude the need to biopsy indeterminate or sus-
picious calcifications identified on  mammography. 
Whether calcifications are indeterminate or suspi-
cious (thus requiring biopsy) should be  determined 
solely on the mammographic features of the calci-
fications (Figs. 7.3 and 7.4).
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2D 3D

CEDM
EARLY

CEDM
LATE

a b

c d

Fig. 7.2 Delayed 
enhancement. A 
59-year-old female, in 
whom CEDM was done 
as preoperative staging 
for a biopsy proven, left 
infiltrating tubular 
carcinoma. (a, b) No 
demonstrable lesion 
seen on 2D and 3D 
mediolateral oblique 
views. (c, d) CEDM 
recombined image in 
mediolateral oblique 
view in early and 
delayed phase. The 
examination 
demonstrates a faint area 
of non-mass 
enhancement (NME) in 
the mid to upper 
quadrant that is more 
prominent in the delayed 
acquisition (circle) 
corresponding to the 
region that was 
previously biopsied. 
There is another 
intensely enhancing 
nodule seen at the 
axillary tail (arrow), 
which shows wash-out 
in the delayed 
acquisition. A second-
look ultrasound was 
performed where the 
axillary tail lesion was 
identified and biopsied. 
Diagnosis: The 
pathology of the axillary 
tail lesion (arrow) was 
also an Infiltrating 
Tubular Carcinoma. 
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2D 3D

3D2D

a

a1

b1
b

c d

Fig. 7.3 Problem- 
solving. A 46-year-old 
woman was recalled 
from screening for an 
architectural distortion 
in the left lower outer 
quadrant. (a) 2D and 3D 
mediolateral oblique 
views. (b) 2D and 3D 
craniocaudal views. It is 
observed that the 
architectural distortions 
are more clearly seen on 
the 3D tomosynthesis 
images (circles) (a1, b1) 
and 3D magnified views 
of the distortions. (c) 
CEDM recombined 
images show no 
enhancement. (d) 
Tomosynthesis guided 
biopsy of the distortion 
was still performed. 
Diagnosis: The 
pathology of the 
architectural distortion 
was fibrocystic change
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a

b

c

Fig. 7.4 Problem-solving. A 60-year-old female, on 
follow- up since 12 years post-surgery for left ductal car-
cinoma in situ (DCIS). (a) 2D craniocaudal and medio-
lateral oblique views show a focal distortion (circle) seen 
at the left surgical scar site. (b) 3D craniocaudal and 
mediolateral oblique views demonstrate a more promi-
nent area of distortion (circle) at the surgical scar. (c) 
CEDM recombined images show an intensely enhancing 
lesion in the right breast (box); however, no enhancement 
is seen at the region of surgical scar (circle) in the left 

breast. The examination demonstrated an enhancing 
lesion in the right upper inner quadrant with no enhance-
ment seen at the apparent suspicious lesion of the left 
breast. Retrospective assessment of the 3D images 
revealed a subtle architectural distortion in the right 
breast (magnified view). A second-look ultrasound was 
performed where this lesion was identified and 
biopsied. 
Diagnosis: The pathology of the right beast lesion was an 
invasive ductal carcinoma
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7.3.2  Preoperative Staging

Breast conservative surgery is the current trend 
for treatment of small tumours with a favourable 
lesion-to-breast volume ratio. Therefore, it is 
essential to provide accurate preoperative radio-
logical quantification of the tumour to prevent 
early recurrences and to avoid re-excision for 
positive excision margins on histology. For 
women in whom the mammogram, ultrasound 
and physical examination indicate that the tumour 
is sufficiently small to allow lumpectomy and 
conservation surgery, further evaluation with 
additional imaging may demonstrate more exten-
sive tumours than previously suspected. This 
information can be helpful for the surgeons to 
accurately plan the amount of tissue to be 
included in the lumpectomy or in suggesting the 
need for mastectomy.

At Careggi University Hospital and KLH, the 
majority of our CEDM examinations are done for 
preoperative staging. A significant number of 
cases have undergone a change of management 
post-CEDM based on the localization of addi-
tional lesions. In KLH, all patients undergoing 
breast conservation surgery are subjected to a 
CEDM prior to operation, and patients who are 
referred to us for highly suspicious masses are 
subjected to a CEDM immediately. The low- 
energy image is considered the patient’s mam-
mogram. We found that this approach enabled 
improved biopsy accuracy, particularly in the 
presence of multifocal lesions (Fig. 7.5).

Tennant et al. [19] concluded that CEDM pro-
vided immediately available, clinically useful 
information in patients with suspicious lesions. 
There was a higher sensitivity, specificity and 
size accuracy for breast cancer detection and 
staging demonstrated using CEDM as a primary 
mammographic investigation in clinically suspi-
cious lesions.

Fallenberg et  al. [18] suggested that initially 
using CEDM alone in symptomatic patients 
could decrease the radiation dose.

7.3.3  Assessment of Response 
to Neoadjuvant 
Chemotherapy

In women with large primary breast carcinomas, 
preoperative neoadjuvant chemotherapy (NAC) 
is increasingly being used to shrink tumour size 
to facilitate mastectomy or breast conservation. 
The determination of tumour size after treat-
ment is important to the surgeon to enable com-
plete removal of the tumour without residual 
cancer in the breast at the time of lumpectomy. 
MRI [2] is currently the modality of choice for 
monitoring tumour response and for assessing 
residual disease after NAC, being more accurate 
than mammography, ultrasound and clinical 
examination [20].

A recent study by Iotti et al. [21] compared the 
diagnostic performance of CEDM with respect to 
MRI; the authors concluded that CEDM was as 
reliable as MRI in assessing the response to NAC 
and can be considered an alternative when MRI is 
contraindicated or unavailable. In another study, 
Barra et al. [22] compared CEDM with FFDM in 
the evaluation of response to NAC and ultimately 
concluded that a positive CEDM indicates the 
presence of residual tumour after NAC.

In our clinical experience at Careggi 
University Hospital, we observed that CEDM 
could serve as an alternative to breast MRI to 
monitor the responsiveness to NAC, as depicted 
in Fig. 7.6.

7.3.4  Screening of High-Risk 
Patients

When addressing genetic risk, to date, MRI 
remains the most sensitive examination for the 
detection of breast cancer in both women at aver-
age and increased risk, yielding 15 cancers for 
every 1000 women at intermediate (15–20%) or 
high (>20%) risk. Several studies have demon-
strated that in approximately 45% of women with 
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Fig. 7.5 Preoperative staging. A 45-year-old woman with 
a biopsy confirmed invasive ductal carcinoma in the left 
breast. (a, a1) 2D craniocaudal and mediolateral oblique 
views with corresponding ultrasound images, demonstrat-
ing a dominant mass in the left upper outer quadrant (white 
arrow) with a small satellite nodule (blue arrow) less than 
2 cm away from the index lesion. The patient was sched-
uled for a breast conservation surgery, and CEDM was 

performed for preoperative assessment. (b) CEDM-
recombined images in craniocaudal and mediolateral 
oblique views demonstrated a small enhancing nodule 
(circle) approximately 5 cm from the index lesion. (b1) A 
second-look ultrasound was performed, and a subtle suspi-
cious hypoechoic lesion was identified and biopsied. 
Diagnosis: the pathology was an invasive ductal carci-
noma, not otherwise specified

a

b

a1

b1
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intermediate or high genetic risk, breast cancers 
were detected only by MRI [7, 23, 24]. These 
results led to specific screening programmes for 
high-risk women, including annual mammogra-
phy and MRI, developed and recommended by 
the American Cancer Society and the European 
Society of Breast Imaging [25]. However, MRI 
may not be an option in this group of patients due 
to its high cost and low availability. Previous 
studies have suggested CEDM application in the 

screening of these patients, with the first pilot 
study performed by Jochelson and colleagues 
[25], who concluded that this technique could be 
valuable as a supplemental imaging modality for 
women at increased risk for breast cancer who do 
not meet the criteria for MRI or in whom access 
to MRI is limited.

However, few studies have been published 
about this topic until now, and the main concern 
regarding performing CEDM in patients at high 

a b

dc

Fig. 7.6 Response to chemotherapy. A 62-year-old 
woman with a palpable mass underwent core biopsy 
yielding invasive ductal carcinoma. CEDM examinations 
were performed during the patient’s course of preopera-
tive neoadjuvant chemotherapy. (a) Mediolateral oblique 
and craniocaudal low-energy and (b) recombined images 
of CEDM done pre-neoadjuvant chemotherapy assess-

ment revealed an irregular heterogeneously enhancing 
mass (arrow) with associated satellite nodules in the 
lower outer quadrant. (c) After six cycles of chemother-
apy, mediolateral oblique and craniocaudal low-energy 
and (d) recombined images of a repeat CEDM demon-
strated no enhancing areas with complete response of the 
tumour to chemotherapy
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risk of developing breast cancer is the radiation 
exposure involved. There has been no conclusive 
study for performing CEDM in high-risk patients, 
and this indication remains to be studied in a 
larger population.

At our centres, we tend to avoid performing 
CEDM on patients who are highly sensitive to 
the effects of radiation. So far, we have per-
formed CEDM on only several patients with the 
BRCA 1 mutation; such patients had dense 
breasts and were contraindicated for breast MRI 
(Fig. 7.7).

7.3.5  Unknown Primary Cancer

Occult primary breast cancer presenting as iso-
lated ipsilateral axillary metastases without 
evidence of tumour in the breast on physical 
examination or mammography accounts for 
approximately 0.3–0.8% of breast cancers 
[26].

MRI has been the only imaging modality that 
can reliably identify breast cancers that have 
evaded detection by mammography and physical 
examination [27, 28]. To date, there is no litera-
ture available for CEDM in identifying unknown 
primary cancer; however, we assume that the 
accuracy of breast cancer detection in this group 
of patients would be similar to MRI.  We have 
performed CEDM in several cases of occult pri-
mary malignancy at Careggi and KLH, and we 
observed satisfactory results.

7.4  Future of Contrast-Enhanced 
Mammography

There is a growing body of evidence supporting 
CEDM use for various clinical indications, with 
levels of sensitivity and specificity on par with 
those of breast MRI. CEDM should therefore be 
considered for expanded clinical use at other 
breast-imaging centres in the near future. Future 
research with larger sample populations for 
CEDM as an adjunct or alternative to mammog-
raphy, US, MRI or a combination of these 

modalities will affect the expanded use of 
CEDM.

The time required to perform a CEDM 
examination is shorter than that required for 
MRI, as is the time required for lesion interpre-
tation with CEDM. These are among the main 
reasons CEDM is being used more frequently 
in breast cancer diagnosis. Although CEDM is 
currently available at a minority of breast-
imaging practices, widespread adoption could 
be rapid, given that many current-generation 
mammography systems are delivered with 
CEDM capability.

CEDM provides functional information simi-
lar to MRI at a lower cost and greater ease of 
implementation. Bhavika Patel et  al. [4], using 
data obtained from the Mayo Clinic in Arizona, 
suggested that CEDM is faster to perform and 
interpret and has lower equipment acquisition 
and maintenance costs than does MRI. They also 
observed that if CEDM was deemed a viable sub-
stitute for breast MRI, such capability could 
lower the overall imaging costs of the healthcare 
system by more than one billion US dollars annu-
ally. Even at our centre in Careggi University 
Hospital, we observed a 60% reduction in the 
cost of a CEDM examination compared with that 
of an MRI.

CEDM is likely to be among the modalities 
offering the best value compared with other cost-
lier emerging imaging technologies, such as 
automated whole-breast ultrasound, contrast- 
enhanced breast ultrasound, abbreviated breast 
MRI, molecular breast imaging, positron emis-
sion mammography (PET) and breast computed 
tomography (CT).

The limitations of CEDM are discussed com-
prehensively in Chapter 10. The technique’s dis-
advantages include patient exposure to iodinated 
contrast material, as well as the potential low-risk 
associated with contrast-induced reactions and 
radiation exposure. Unlike MRI, there is no com-
mercially available system to biopsy regions of 
suspicious enhancement under CEDM guidance 
[29]. To our knowledge, however, there is evi-
dence that a commercial CEDM-guided biopsy 
system will become available in due time.
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Fig. 7.7 High-risk 
screening. A 40-year-old 
woman with a strong 
family history of breast 
cancer and personal 
history of BRCA2 gene 
mutation. She has severe 
claustrophobia and 
refused to undergo a 
breast MRI examination. 
(a) 2D low-energy and 
3D tomosynthesis in 
MLO projections show 
relatively dense breast 
parenchymal pattern 
with a subtle area of 
increased density 
(circle) in the lower 
quadrant of the left 
breast. (b) CEDM- 
recombined image in the 
early and late phase in 
MLO projection. The 
examination shows an 
irregular enhancing 
mass demonstrating a 
rapid wash-out. The 
lesion was identified on 
a second look ultrasound 
and an US-guided 
biopsy was performed. 
Diagnosis: the 
pathology was an 
infiltrating lobular 
carcinoma
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