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Abstract
Mammograms are the mainstay of diagnostic breast imaging and cancer screening. Despite advances in technology such as Full Field Digital Mammography
(FFDM) and Digital Breast Tomosynthesis (DBT), these imaging techniques
are purely structural, and are unable to overcome shortcomings in mammography posed by dense breast parenchyma. Magnetic Resonance Imaging (MRI)
is the most sensitive modality in breast imaging, due to its functional aspects in
addition to structural imaging with this modality. The use of MRI is however
constrained by cost and availability. The utilization of intravenous contrast
with mammograms introduces a functional element to imaging. This greatly
improves the sensitivity of the examination, approaching sensitivity levels of
Magnetic Resonance Imaging (MRI) in the detection of primary breast cancer. With increased sensitivity afforded by assessment of tumor neo-vascularity,
as well as its low cost, low energy imaging that is more readily available than
MRI, Contrast-Enhanced Mammography (CEM) if more readily available than
MRI, this imaging modality is a potential game-changer in breast imaging. In
this article, we share our experience in the use of CEM, for indications previously reserved for MRI, with the literature review of these indications. In
resonance with prior studies, we echo the ease of performing and reporting of
CEM as well as greater patient comfort as the distinct advantages of CEM. In
spite of slightly higher radiation dose and some risks related to contrast media,
functional results at a significantly lower cost may change how we practice
breast imaging in the future using CEM.
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1. Introduction
A mammogram is the most frequently used modality for diagnostic breast imaging and cancer screening [1] [2], in no small part to its widespread availability,
short examination time, reproducibility, ease of interpretation and ability to detect
microcalcifications. Dense breast parenchyma is a major limiting factor that reduces the sensitivity of the mammogram by nearly half in extremely dense breast
tissue [3] [4]. Though tomosynthesis [5] partly overcomes this limitation by reducing tissue overlap to some degree, these techniques remain purely morphology-based.
By contrast, breast Magnetic Resonance Imaging (MRI) is highly sensitive, with
a functional element of imaging using intravenous contrast, in addition to its
superior soft-tissue contrast and three-dimensional format; this allows for an
examination independent of breast density [6]. The use of intravenous contrast
leverages in imaging characteristics of tumor neo-angiogenesis, and significantly
increases sensitivity in breast cancer detection [7]. In addition to its anatomical
advantage through three-dimensional visualization, there is better coverage of
the chest wall, axilla, and internal mammary nodes. Despite its high sensitivity,
routine use of MRI in clinical practice is restricted by issues of accessibility (financial costs, long waiting times), technical performance (long scan time, difficulties in patients with claustrophobia) as well as diagnosis (high-false positive
rates, inability to detect microcalcifications).
Contrast-Enhanced Mammogram (CEM) aims to address the shortcomings of
conventional mammography, by introducing an element of functional imaging,
similar to breast MRI.
Dual-energy mammogram exposures are obtained after intravenous injection
of iodine-based contrast agent. The low-energy exposure produces an image that
is similar to a conventional Full-Field Digital Mammogram (FFDM), while the
recombined image obtained from the subtraction of two images provides details
of contrast enhancement in the breast. It does not require substantial training
for technologists already involved in mammography and is easy to perform. For
the radiologist, there is no significant departure from interpretation in conventional mammography. The additional recombined images allow for detection of
lesions that show contrast enhancement which indicates increased vascularity,
which may suggest underlying neo-angiogenesis such as in breast cancer.
Studies have already shown CEM to have higher sensitivity than mammograms,
tomosynthesis, or even a combination of mammograms and ultrasound [8] [9].
In fact, many studies have shown CEM results to be nearly comparable to Dynamic Contrast-Enhanced MRI (DCE-MRI), which is encouraging.
This article aims to share our initial clinical experience of using CEM. Indications for performing breast MRI were similarly applied to CEM, given CEM’s
high sensitivity being similar to breast MRI, allowing for contrast and comparison and to illustrate its usefulness in clinical practice.
The clinical indications are:
• To assess the extent of breast cancer or for pre-operative cancer staging;
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• To monitor the response to neo-adjuvant chemotherapy;
• To look for residual or recurrent breast cancer;
• Surveillance in women with a personal history of breast cancer;
• Problem-solving in equivocal findings on conventional imaging;
• Screening in high-risk women.
We share our experience with cases of CEM used for individual indication instead of MRI, followed by indication-specific literature review and discussion.

2. Discussion
2.1. To Assess the Extent of Breast Cancer or for Pre-Operative
Cancer Staging
MRI is well-established as a modality to assess loco-regional extent of breast cancer pre-operatively. This is especially useful in young women, women with dense
breasts, invasive lobular carcinoma and Locally Advanced Breast Cancer (LABC).
Accurate assessment of disease extent is an important determining factor in the
decision for Breast Conserving Surgery (BCS) versus mastectomy. In LABC, involvement of chest wall and internal mammary nodes are better assessed with
MRI, the presence of which may influence the management.
Case 1: A 42-year-old woman presented with a palpable left breast lump.
Mammogram (Figure 1(A)) showed extremely dense breast parenchyma (ACR
category D) with a suspicious mass in the left breast at 12 o’clock. Ultrasound
(Figure 1(B)) confirmed a corresponding BI-RADS 5 mass at 12 o’clock and additionally a smaller indeterminate lesion at 11 o’clock in the same breast, raising
possibility of multifocal cancer. Pre-operative CEM was offered for better assessment of disease extent and to rule out synchronous right breast tumor. On
CEM (Figure 1(C)), intensely enhancing masses were seen in left breast at 11
and 12 o’clock, correlating with ultrasound findings. Additionally, moderately
enhancing non-mass enhancement was identified at 2 o’clock of the same breast.
Targeted second look ultrasound (Figure 1(D)) of left breast 2 o’clock region
identified an ill-defined mixed echogenic lesion that was also biopsied. Histology from 12 o’clock lesion was reported as a Grade 3 invasive ductal carcinoma
while the 2 o’clock lesion was reported as intermediate grade DCIS. This confirmed the disease to be multicentric, changing the overall disease extent,
treatment plan as well as prognosis. No enhancing lesions were noted in the
contralateral breast on CEM and this was reassuring of absent synchronous
tumor.
Case 2: A 48-year-old woman presented with left breast palpable mass; clinically worrisome for breast cancer. Direct CEM was performed for this patient.
Low energy images (Figure 2(A)), similar to a regular mammogram, showed a
high density, irregular mass in the upper outer quadrant of the left breast. No
other lesion was identified in rest of breast on mammogram. Contrast enhanced
images (Figure 2(B)) showed a single, avidly enhancing mass in the upper outer
quadrant of the left breast at mid third depth. No other concerning enhancement
DOI: 10.4236/abcr.2021.104016
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Figure 1. 42-year woman with palpable left breast lump. (A) Standard mammogram shows a high
density, irregular mass in the upper central aspect of left breast at 12 o’clock (arrows); (B) Ultrasound shows two irregular hypoechoic masses in the left breast at 12 and 11 o’clock locations; (C)
Contrast Enhanced Mammogram shows dominant avidly enhancing mass in the left breast at 12
o’clock (black solid arrow) and a smaller enhancing mass in the left breast at 11 o’clock (white solid
arrow). There is also non-mass enhancement seen in the upper outer quadrant of the left breast
(black dashed arrow); (D) Second look ultrasound shows a vague, heterogeneous area in the left
breast at 2 o’clock to correlate with non-mass enhancement seen on CEM. This was proven to be
DCIS on histology.

was seen in the left breast suggesting this to be a unifocal tumor. Contralateral
breast did not show any synchronous tumor. Targeted ultrasound of left breast
(Figure 2(C)) showed a suspicious correlating mass at the 2 o’clock location,
which was later biopsy proven as Grade 2 invasive ductal carcinoma. By using
direct CEM, we could get mammographic details as well as make better assessment of disease extent at the first instance that would facilitate quicker treatment
planning.
Literature review
Stephanie A Lee-Felker et al. [10] compared the diagnostic performances of
CEM and breast MR imaging in assessing the extent of disease in women with
newly diagnosed breast cancer. In their study, CEM showed sensitivity close to
MRI (94% vs 99%) in detecting primary breast cancer, a significantly higher PPV
(93% vs 60%), and fewer false-positive results compared to MR imaging (5 vs 45)
(P < 0.001 for all results). Yun-Chung Cheung et al. [11] in their study on 51
primary cancers showed 88% sensitivity on mammogram versus 100% on CEM
DOI: 10.4236/abcr.2021.104016
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Figure 2. 48-year woman with palpable left breast lump. (A) Low energy images (equivalent to
FFDM) show dense breast tissue. There is an irregular, high density mass noted in the upper outer
quadrant of the left breast (arrows) underneath the palpable concern (BB marker); (B) Contrast
enhanced mammogram images show a single, avidly enhancing mass (arrows) in the left breast
suggesting this to be a unifocal tumor. No synchronous right breast cancer is noted; (C) Ultrasound
showed a circumscribed hypoechoic mass with microlobulated margins, posterior enhancement
and internal vascularity.

and MRI. The tumor size also better correlated with CEM and MRI. Multiple
other studies comparing CEM to MRI have also reported equivalent sensitivity
of CEM in detecting primary breast cancer with lower false positive rate on CEM
[12] [13] [14] [15] [16].
Hobbs et al. [17] in their prospective trial on 49 cases compared patient preference on CEM versus MRI for pre-operative staging. Patients reportedly preferred the experience of CEM to MRI, adding support for the role of CEM as a
possible alternative to MRI for breast cancer staging.
Thus, CEM appears to be a promising alternative pre-operative assessment
tool for breast cancer patients with dense breasts and/or limited access or contraindications to MRI. At our center, we try to offer direct CEM, rather than
FFDM, and targeted ultrasound to patients with high clinical suspicion of breast
cancer. This allows for a quicker and more accurate estimation of tumor extent,
with reduced cost and radiation to the patient.

2.2. To Monitor the Response to Neo-Adjuvant Chemotherapy
Recently, use of Neo-Adjuvant Chemotherapy (NAC) is expanding in clinical
practice, not only for locally advanced breast cancer but also in smaller triple
DOI: 10.4236/abcr.2021.104016

188

Advances in Breast Cancer Research

C. Niketa et al.

negative and HER2-positive cancers. The pathological response to NAC has prognostic significance and influences the subsequent surgical approach. Response to
NAC is assessed by clinical examination and imaging. MRI has been shown to be
the most sensitive imaging modality, at present, to monitor response to NAC.
Due to limitations like financial constraint, resource availability and claustrophobia, MRI may not be suitable in all patients post-NAC. CEM may be an alternative in this instance.
Case 1: A 60-year-old woman with a palpable left breast invasive ductal carcinoma with positive left axillary lymphadenopathy underwent CEM pre and
post-NAC. Baseline CEM (Figure 3(A) showed avidly enhancing left breast tumor with internal heterogeneity and enlarged metastatic left axillary node.
Post-NAC CEM (Figure 3(B)) was performed to assess the suitability for breast
conservation. The primary tumor in the left breast showed significant regression
of enhancement. A tissue marker clip was seen in the tumor bed. Imaging features were deemed to indicate complete radiological response to NAC. The left
axillary node had also regressed. On final surgical histopathology, a 2mm residual focus of invasive ductal carcinoma was noted. The axillary nodes were negative for malignancy on final histology.
Case 2: Another 46-year-old woman diagnosed with multicentric right breast
tumor with metastatic right axillary adenopathy (Figure 3(C) and Figure 3(D))

Figure 3. 60-year-old woman with recently diagnosed Grade 3 invasive ductal carcinoma with metastatic
left axillary lymphadenopathy. (A) Pre-Neo-adjuvant Chemotherapy (NAC) CEM shows a heterogeneously
enhancing mass in the upper outer quadrant of the left breast (white arrow) with enlarged left axillary node
(black arrow); (B) Post NAC CEM shows no enhancement in the tumor bed suggesting complete imaging
response of tumor to NAC. A small marker clip (white arrow) is noted in the tumor bed. Left axillary node
has also significantly resolved (black arrow). 46-year-old woman diagnosed with multicentric right breast
cancer, ER/PR as well as HER2 positive; (C) Pre NAC CEM showed two avidly enhancing masses in the
upper outer quadrant of the right breast (white arrows) with overlying skin retraction; (D) Post NAC CEM
shows a marker clip in one of the tumor bed with no residual enhancement (solid white arrow). There is
faint small area of enhancement noted in the second tumor bed located supero-posteriorly (dashed white
arrow). The axillary node was also seen enlarged and enhancing (black arrow). Final surgical histopathology confirmed residual 16 mm, grade 3 IDC along with residual metastatic axillary node.
DOI: 10.4236/abcr.2021.104016
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showed small area of faint residual enhancement in the tumor bed on post-NAC
CEM. The axillary node was also seen enhancing. Final surgical histopathology
confirmed residual 16 mm, grade 3 IDC along with residual metastatic axillary
node.
Literature review
At present, MRI has been proven to be the most sensitive imaging modality
for detecting residual disease, post NAC [18]. Neo-adjuvant chemotherapy has
become the standard of care in advanced breast cancers as it facilitates down-staging
and increases the likelihood for successful breast conservation. It is also a good
tool to assess in-situ chemosensitivity and hence to predict treatment outcomes
and prognosis.
In their prospective study on 33 breast cancer patients, Filipe et al. [19] compared CEM and MRI with surgical histopathology in post-NAC patients. While
sensitivity of CEM in detecting residual disease was lower compared to MRI
(76% Vs 92%), the specificity and negative predictive value of CEM were higher
compared to MRI (87.5% vs 75% and 86.4% vs75%, respectively). The concordance coefficients between measurements of residual tumor obtained with CEM
and MRI as compared to surgical pathology were 0.7 and 0.4, respectively. Similarly, Pearson correlation coefficient was higher for CEM (0.8) versus MRI (0.5).
Lotti et al. [20] reported that the residual tumor size was underestimated on both
modalities (mean 4.1 mm in CESM, 7.5 mm in MRI). Also, in patients with Complete Response (CR), CEM had higher sensitivity and specificity (100% and 84%,
respectively) compared to MRI (87% and 60%, respectively).

2.3. To Look for Residual or Recurrent Breast Cancer
In patients treated with breast conservation therapy, any new finding may raise
concern of a recurrence. Changes such as post-operative seroma, fat necrosis,
skin thickening, architectural distortion and dystrophic calcifications, may pose
a diagnostic dilemma on conventional imaging. Differentiating benign post-therapeutic change versus recurrence is clinically important, but may prove challenging
in some cases, requiring biopsy for a definitive answer. In these cases, breast
MRI may be used as a problem-solving tool; CEM might be seen as a potential
alternative.
Case 1: A 46-year-old woman with previous right breast wide local excision
for hormone positive, HER2 negative breast cancer 7 years ago presented with a
new palpable lump, adjacent to the scar. Ultrasound (Figure 4(A)) showed a 2.6
cm mixed echogenic lesion with indeterminate features corresponding to the
palpable lump. Mammogram showed dense breast parenchyma without any suspicious features. Tissue diagnosis was suggested for the patient to rule out a recurrence. Pre-biopsy CEM revealed no contrast enhancement in the region of
the palpable concern (Figure 4(B)). Histology performed later confirmed the lesion to be post-operative fibrosis with benign breast tissue.
Case 2: A 52-year-old woman with a similar history of a new palpable lump in
DOI: 10.4236/abcr.2021.104016
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Figure 4. 46-year woman with right breast wide excision done 7 years ago, now presenting with
new palpable lump in the region of scar. (A) Ultrasound shows a mixed echogenic lesion (arrow) in
the region of palpable concern; (B) Contrast enhanced mammogram image shows no suspicious
enhancement in the surgical bed (arrow). The lesion was proven to be benign on histology. A
52-year woman with right breast wide excision done 6 years ago, now presenting with new palpable
lump in the region of scar; (C) Ultrasound shows an irregular, hypoechoic mass (arrow) to correlate with the palpable concern; (D) Contrast enhanced mammogram image shows an avidly enhancing mass in the surgical bed (arrow). The lesion was proven to be recurrent IDC.

the region of a previous wide excision scar was referred to the imaging suite for
further assessment. The patient was operated 6 years ago for hormone-positive,
HER2 negative, grade 2 Invasive ductal carcinoma with metastatic axillary adenopathy. Ultrasound (Figure 4(C)) revealed an indeterminate hypoechoic lesion
underneath the palpable concern. Initial biopsy was reported as benign breast
tissue with post-operative changes. Radiology-pathology concordance was questioned. Contrast enhanced mammogram was then performed that showed the
lesion to enhance avidly (Figure 4(D)). This was considered a finding of concern and histology was deemed discordant. A repeat ultrasound guided biopsy
was carried out, which confirmed invasive ductal carcinoma recurrence. In this
case, findings on CEM bolstered initial imaging suspicions which were discordant on pathology, making the case for repeat biopsy and subsequent proof of
disease recurrence.
Literature review
At present there is limited literature on the use of CEM in the diagnosis of recurrence and further research is warranted. Helal and Mansour et al. [21] assessed the role of CEM in detecting residual disease in post-operative breast of
cancer patients. CEM enhanced the sensitivity of detecting breast cancer from
50% to 91.17% and increased accuracy from 37% to 82% as compared to conventional mammogram. However, the data remains limited in this context and
needs further evaluation.
DOI: 10.4236/abcr.2021.104016
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2.4. Surveillance in Patients with Personal History of Breast Cancer
Despite advancements in breast cancer treatment, disease recurrence after successful initial treatment remains a real concern. Annual mammography is currently the gold standard for surveillance in post-operative breast [22]. Additional
ultrasound and MRI may be performed in cases of suspicious findings on conventional imaging. In their recent recommendations, the American College of
Radiologists (ACR) have included adjuvant annual MRI surveillance for patients
with a personal history of breast cancer at pre-menopausal age, especially if associated with dense breasts or other high-risk factors like positive family history.
This may however not be routinely practiced at many places, due to limitations
such as high cost and high false positive results. CEM may be considered as an
alternative to breast MRI in such cases.
Case 1: A 64-year-old woman with previous personal history of right mastectomy for breast cancer was detected to have a new 5mm group of punctate
microcalcifications in the left breast on routine surveillance mammogram (Figure
5(A)). On ultrasound, a 5 mm indeterminate hypoechoic lesion with internal
microcalcifications (Figure 5(B)) was identified to correlate with the mammographic abnormality. Pre-biopsy CEM (Figure 5(C)) showed a 16 mm area of
non-mass enhancement in the region of grouped microcalcifications. The extent of enhancement was larger on CEM compared to conventional imaging.

Figure 5. 64-year women with previous right mastectomy on routine surveillance left mammogram. (A) Magnified left mammogram shows a small tight group of microcalcifications (arrow) that
was new compared to previous study; (B) Ultrasound shows a small, hypoechoic mass with internal
calcifications (arrow) to correlate with mammographic finding; (C) Contrast enhanced mammogram images show clumped non-mass enhancement in the lower inner quadrant of the left breast
(arrows). The extent of enhancement is much larger compared to that seen on mammogram and
ultrasound. Final surgical histology proved 20 mm DCIS with 2 mm of invasive component.
DOI: 10.4236/abcr.2021.104016
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Biopsy of the lesion confirmed a high-grade DCIS with foci of microinvasion.
Final surgical histology proved the tumor to be 20 mm with 2 mm of invasive
component; the size better correlating with CEM than mammogram or ultrasound. We postulate that the non-calcified portion of cancer was better demonstrated on contrast study and CEM could have resulted in earlier detection of the
recurrence.
Literature review
A few studies have already established the superiority of CEM over conventional mammogram for breast cancer screening [23] [24]. In a study by Sung et
al. [24] of 904 women with higher-than-average risk, they reported 87% sensitivity and 93.7% specificity of CEM compared to only 50% sensitivity for mammogram. Nearly half the women in this study had a personal history of previous
breast cancer. They reported CEM accuracy to be comparable to MRI in moderate to high-risk screening populations. No dedicated study has compared CEM
with MRI in this group of population though. This opens scope for further research.

2.5. Problem Solving in Equivocal Findings on
Conventional Imaging
The diagnostic accuracy of digital mammography is highly dependent on density
of fibroglandular tissue, with dense parenchyma adversely affecting the sensitivity. Frequently, focal asymmetry and architectural distortion without any associated mass may present diagnostic challenges. Occasionally, ultrasound may
have findings with borderline features and contribute to false positive biopsies.
CEM can be used for further assessment in such patients and help the radiologist
in assigning a more confident BIRADS category to the mammogram.
Case 1: A 53-year-old woman had a known history of left mastectomy for breast
cancer. Routine surveillance right mammogram was essentially normal. Adjuvant right breast ultrasound detected a new 8 mm irregular hypoechoic mass at
12 o’clock with angular margins and associated subtle architectural distortion
(Figure 6(A)). Ultrasound guided core biopsy of the mass revealed usual ductal
hyperplasia without any evidence of malignancy. However, the patient was apprehensive and was keen for surgery, even requesting a mastectomy. CEM was
performed as a problem-solving technique. CEM (Figure 6(B)) showed no enhancement in the right breast at 12 o’clock, favoring benign etiology. The patient
was reassured and agreed for follow up. On serial imaging, the lesion remained
stable over 2 years.
Literature review
Lalji et al. [25] reported CEM to be superior to mammography with an excellent problem-solving capability in patients recalled from screening program. CEM
was shown to have higher sensitivity of up to 97% and specificity of up to 70%
and improved diagnostic accuracy regardless of the reader’s experience.
Lobbes et al. [26] prospectively analyzed the role of CEM in 113 women to
address inconclusive findings on screening mammography. They reported 100%
DOI: 10.4236/abcr.2021.104016
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Figure 6. 53-year woman with previous left mastectomy on routine surveillance. Routine surveillance right mammogram was
essentially normal (not shown) Adjuvant right breast ultrasound (A) shows a new subcentimeter, irregular, hypoechoic lesion with
angular margins, architectural distortion and mixed posterior features at 12 o’clock location. Minimal internal vascularity is noted.
Contrast enhanced mammogram image; (B) shows no enhancement in the right breast. Histology of right breast lesion was proven
benign. Screening mammogram; (C) in another 69-year high-risk woman shows extremely dense breast parenchyma. A sub-centimeter
circumscribed round opacity in right retro-mammary fat (arrow) was noted; (D) Contrast enhanced mammogram images show
no significant enhancement in the right breast lesion (white arrow). Incidentally an avidly enhancing mass was noted in the upper
outer quadrant of the left breast (black arrow). Ultrasound (not shown) showed a small intra-mammary node in the right breast
and an indeterminate lesion in the left breast to correlate with the enhancing mass. Histology of left breast mass was reported as
invasive papillary carcinoma. It was a unifocal tumor as seen on CEM.

sensitivity as well as 100% Negative predictive values of CEM with statistically
significant differences between mammogram and CEM. They reported better
diagnostic accuracy of CEM even in average risk screening population recalled
for assessment.
Houben et al. [27] retrospectively analyzed 839 women who underwent CEM
after a screening recall. They found 70 CESM only lesions in 65 women; more
than 50% of them were malignant. The most commonly detected benign abnormality on CEM was fibroadenoma. They reported CEM as a low risk, problem
solving tool in screening recalls that might have significant clinical implications
in patient’s management.

2.6. Screening in High-Risk Woman
Women with lifetime risk of >20% are grouped as high-risk population. The
American Cancer Society (ACS) recommends annual screening with MRI and
mammography in these women. Again, annual MRI screening may be not feasible or followed as recommended in many countries due to cost constraints. CEM
may be utilized as an alternative tool to MRI in high-risk screening based on the
current evidence suggesting comparable diagnostic performance of CEM over
MRI with high negative predictive value [8] [12] [13] [15] [16].
Case 1: A 69-year-old woman with a strong family history of breast cancer in
multiple relatives underwent screening mammogram. Mammogram (Figure 6(C))
showed dense breast parenchyma. A round, sub-centimeter, circumscribed opacity
DOI: 10.4236/abcr.2021.104016
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was observed in the right breast pre-pectoral fat. In view of the dense breast tissue
and strong family history, she was offered additional screening with CEM. The
right breast showed an intra-mammary lymph node. However, an avidly enhancing mass was detected in the left breast (Figure 6(D)). Targeted ultrasound showed
an intra-mammary node in the right breast and a lobulated, indeterminate hypoechoic nodule in the left breast that was proven to be an in-situ 24 mm papillary carcinoma with solid and cribriform component; ER/PR positive.
Literature review
Sorin et al. [28] reported the usefulness of CEM in high-risk screening. They
reported a significantly high, additional 13.1 cancers on CEM per 1000 intermediate risk women screened, compared to screening mammography. There was
significantly higher sensitivity of CEM, up to 90.5%, compared to mammogram
which showed sensitivity of up to 52.4%.
Jordana Phillips et al. [29] compared CEM versus MRI in high risk setting
primarily evaluating in terms of patient preferences. They did prospective analysis of 43 patients in high risk setting and showed that 79% patients preferred
CEM over MRI if the exams had equal sensitivity. Almost 89% would be comfortable receiving contrast as part of an annual screening test and about 97%
found the duration of CESM perfect for a screening test. They concluded that a
high-risk population may prefer CEM as a screening tool, if ongoing trials demonstrate its results as being non-inferior to MRI.

2.7. To Evaluate Cancers of Unknown Primary with Metastatic
Axillary Lymphadenopathy
MR imaging has already been established as the most sensitive modality for the
detection of occult breast cancer in women who present with metastatic axillary
adenopathy [30] [31] [32]. The identification of primary lesion is very important
from the management perspective. The conventional treatment approach for
occult breast cancer is mastectomy. However, if a primary lesion can be identified in a breast pre-operatively, the option of breast conservation may be offered
to the patient.
CEM has shown similar sensitivity to MRI in detection of breast cancer [33]
[34] [35] [36] [37] and may play an important role in such patients. There is no
study currently showing the role of CEM in the detection of occult breast cancer.
However, with ongoing improvements in CEM techniques, and better understanding and interpretation of images, CEM may be offered to patients as a primary tool where there is limited availability of MRI. Further research is warranted.

3. Conclusions
Multiple studies comparing CEM to MRI have shown CEM to have equivalent
diagnostic efficiency with fewer false-positive results. Larger multicenter trials are
expected to validate the use of CEM as an alternate to MRI in many indications.
DOI: 10.4236/abcr.2021.104016
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Distinct advantages of CEM include faster imaging and interpretation time, greater ease of scheduling the examination, lower cost, better patient comfort and
lack of claustrophobia. Limitations of CEM include slightly increased radiation
dose, contrast media reactions and inability to use this modality in patients with
compromised renal function.
It is also important to remember that some benign lesions may also enhance
on CEM, contributing to false-positive results. Hence, CEM is better interpreted
in combination with morphological features of lesions on ultrasound. At this
time, CEM may be considered as an option in cases where MRI is contraindicated or not available, e.g. in patients with MR incompatible cardiac pacemaker,
claustrophobia, limited resources and cost issue.

Teaching Points
1) CEM is a new emerging modality in breast imaging that combines the advantages of mammograms and MRI;
2) Sensitivity of CEM is comparable to MRI;
3) Indications of CEM are nearly similar to that of MRI and at this time, CEM
may be considered as an option in cases where MRI is contraindicated or not
available;
4) CEM uses iodinated contrast similar to CT scan. It is contraindicated in patients with severe drug allergies, renal impairment and active asthma.
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