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The most commonly diagnosed 
cancer in women in the United 
States is breast cancer, and it re-

mains a leading cause of cancer-related 
deaths in women aged 40 to 49.1 Cur-
rently, the American Cancer Society 
(ACS) recommends yearly mammogra-
phy starting at the age of 40 coupled with 
a yearly clinical breast examination. 

Overall, mammography is consid-
ered the single most effective screening 
tool and has been credited with reduc-
ing breast cancer-related mortality by 
20-30% .2 There is no doubt that mam-
mography is a very cost-effective tool 
for breast cancer screening; however, the 
sensitivity (67.8%) and specificity (75%) 
are less than ideal.3 In addition, the use of 
ionizing radiation and lower spatial reso-
lution (compared to MRI) are viewed as 

disadvantages in younger women and in 
women with dense breasts.

Coupled with mammography, the 
use of ultrasound has become the norm 
when working up a mammographically 
or clinically suspicious lesion. How-
ever, it is a limited tool when used for 
screening. The most obvious disadvan-
tages are ultrasound’s inability to detect 
microcalcifications and the modality’s 
heavy reliance on operator skill.4 Ul-
trasound can be used for screening with 
mammography in special cases, such 
as when an anxious patient requests ul-

trasound. It is important to note that at 
this time the ACS does not recommend 
using ultrasound instead of mammogra-
phy for screening purposes. 

When exploring the topic of screen-
ing younger women (under 40 years), 
women with dense breasts, and women 
at high risk, one must understand the 
role breast MRI can play in these popu-
lations. The current ACS guidelines for 
using or considering the use of screening 
breast MRI5 are shown in Tables 1 and 2.

MRI affords the radiologist unique 
advantages over mammography and 
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ultrasound. The first and foremost is 
the lack of ionizing radiation. Addi-
tional benefits include: better 3D spatial 
resolution, the ability to detect occult, 
multifocal/multicentric disease, better 
ability to delineate the true size of a can-
cer (often underestimated on mammog-
raphy and US), and the ability to image 
both breasts and the chest wall.6-8

A complete evaluation of tumor in-
volvement requires the use of MRI, 
as it is the best method for determin-
ing pectoralis muscle and chest wall 
involvement. Tumor involvement in 
the pectoralis muscle is seen as en-
hancement. The enhancing area may 
be surgically removed at the time of 
mastectomy to achieve local control, 
however, when the underlying serratus 
anterior muscles or ribs are involved 
(enhancing), the patient is considered to 
have distant metastases (T4a).

Breast MRI is not without disad-
vantages. The heightened sensitivity 
or MRI when compared to mammog-
raphy (99% vs. 67.8%) is balanced by 
the wide range in specificity (37-97%). 
The main reason for this broad speci-
ficity range is that both benign and ma-
lignant lesions enhance.9, 10 MRI has a 
positive predictive value (PPV) much 
lower for areas of non- mass like en-

hancement. This adds to the diagnostic 
challenge for the radiologist. Non-mass 
like enhancement is associated with 
physiologic enhancement, fibrocystic 
change, benign conditions, DCIS or in-
vasive carcinoma.11 Furthermore, MRI 
is expensive, requires the use of intra-
venous contrast, and is limited in its use 
in patients who cannot lie prone, are 
obese (over the weight limit of the scan-
ner being used), have extremely large 
breasts, and are claustrophobic.8-10 

Breast MRI protocol
Prior to the procedure, the patient 

should be interviewed and screened for 
contraindications to MRI. In addition, if 
possible, women should be scheduled 
for screening breast MRI during the 
second week of their menstrual cycle to 
minimize background enhancement.12 

Equipment and important 
sequences

Typically breast MRI is performed 
on a 1.5 Tesla magnet with a dedicated 
multichannel breast coil. To detect ab-
normalities, achieving high spatial 
resolution and contrast is important. 
Scanning slice thickness should be 3 
mm or less and resolution should be 1 
mm or less in order to minimize volume 

averaging. MRI offers the advantage 
of 3D imaging, which is better at de-
tecting smaller lesions than 2D imag-
ing because 2D imaging produces gaps 
between slices in which a small lesion 
may be missed. To optimize contrast 
between a tumor and surrounding breast 
parenchyma, technique must be excel-
lent. This includes proper patient posi-
tioning, protocols designed to answer 
the clinical question at hand, and soft-
ware that dutifully performs excellent 
fat suppression and preserves signal-to-
noise ratio. 

Fat suppression is important in con-
trast-enhanced imaging of the breast 
because lesion identification in breast 
MRI relies upon the subtraction of pre- 
and postcontrast images. In pre-contrast 
T1 images, the bright, fatty signal from 
the breast can lead to mis- or overdiag-
nosis.13 By canceling out the fat signal 
within the breast and then using sub-
traction images, the ability to identify 
enhancing lesions becomes more accu-
rate.

Our current protocol
The standard protocol for a con-

trast-enhanced breast MRI at the au-
thors’ institution, like most others 
(unless there is a contraindication), be-

Table 1:  ACS guidelines for using breast MRI for cancer screening

 • Women with a BRCA 1 or BRCA 2 mutation
	 •	 A	first	degree	relative	of	a	BRCA	carrier	who	has	not	been	tested
	 •	 A	lifetime	risk	of	breast	cancer	greater	than	25%	as	defined	by	risk	assessment	models
	 •	 Women	who	received	radiation	to	the	chest	between	ages	10-30
	 •	 Women	with	Li-Fraumeni,	Cowden,	and	Bannayan-Riley-Ruvalcaba	syndromes	and	their	first-degree	relatives

Table 2: Screening Breast MRI can be considered in the following populations

	 •	 A	lifetime	risk	of	breast	cancer	between	15-20%	as	defined	by	risk	assessment	models
	 •	 Women	with	lobular	carcinoma	in	situ	(LCIS)	or	atypical	lobular	hyperplasia
	 •	 Women	with	atypical	ductal	hyperplasia	(ADH)
	 •	 Women	with	heterogeneously	or	extremely	dense	breasts	on	screening	mammography
	 •	 Women	with	a	personal	history	of	breast	cancer	or	ductal	carcinoma	in	situ	(DCIS)
	 •	 The	evaluation	of	patients	with	breast	augmentation	via	saline	or	silicone	implants
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gins with the placement of an IV for the 
administration of gadolinium. Contrast 
is administered at a bolus of 0.1 mmol/
kg with a power injector at a rate of 3 
mL per second and flushed with 10 cc 
of saline.14 The patient is then placed 
prone into the breast coil and supported 
so that the breasts hang in a dependent 
position, which helps minimize respi-
ratory motion and lets gravity separate 
the breasts. The sequences routinely 
obtained are shown in Table 3. Post-

processing allows the generation of the 
maximum intensity projection (MIP), 
digital subtraction sequences, and the 
kinetic curves. 

It is important to understand the use 
of each sequence being generated for 
the examination. At our institution, the 
search pattern is taught to the residents 
and fellows in a regimented pattern. 
The initial sequence evaluated is the 
MIP as it provides a 3D overview of 
both breasts and enhancing/suspicious 

masses are easily detected. The MIP 
should be used as a basic overview 
and not relied on solely to interpret the 
images as it excludes non-enhancing 
lesions. After the MIP, the axial T2 
images are reviewed, as these are fluid 
sensitive and are excellent for finding 
cysts, fluid, and inflammation. The T2 
images also provide the best evaluation 
of the breast anatomy and skin.

Finally, the pre- and postcontrast 
axial T1 images are reviewed. These 

FIGURE 1. A 56-year-old woman presented with bulky left axillary lymph-
adenopathy on physical examination.  Initial mammogram and ultrasound 
were negative for a primary lesion (A and B). The patient was referred 
for a bilateral breast MRI to evaluate for an occult malignancy. On MRI 
there was a 10-mm enhancing retroareolar mass (C, arrow). On second 
look ultrasound, a 10-mm hypoechoic mass was found at the nine o’clock 
position of the left breast, 1-cm from the nipple (D). The mass was sub-
sequently biopsied and the pathology demonstrated invasive ductal car-
cinoma. Post biopsy unilateral left mammograms were obtained (E and 
F, yellow circles). The clip is identified at the biopsy site, but there is no 
visible mass on mammography.
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FIGURE 2. A 51-year-old woman with known invasive 
ductal carcinoma of the left breast presented for preop-
erative evaluation with breast MRI. Left breast CC, MLO 
and CC spot compression views demonstrate a mass 
with an area of architectural distortion at the 3 o’clock 
position of the left breast (A-C). CC and MLO views of 
the right breast demonstrate a negative mammographic 
evaluation (D and E). Bilateral breast MRI was per-
formed and demonstrated the biopsy proven cancer in 
the 3 o’clock position of the left breast (F). In addition, a 
second larger yet mammographically occult mass was 
noted in the 11 o’clock position of the right breast (G).  
The right breast mass was biopsied and clip placement 
at the 11 o’clock position confirms biopsy of the mass 
seen on MRI (H and I, yellow circles). Pathology con-
firmed invasive ductal carcinoma.
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FIGURE 3. A 50-year-old female presented to our clinic with a 1.5 cm biopsy proven invasive 
lobular cancer (ILC) in the 1 o’clock position of the right breast. Right CC and MLO views 
demonstrate heterogeneously dense breasts with a biopsy clip at the 12-1 o’clock position (A 
and B, yellow circles). An ultrasound of the right breast demonstrates the lobular hypoechoic 
mass with indistinct margins (C). The bilateral breast MRI demonstrates the enhancing 1.5 
cm mass at 1 o’clock with type II kinetics (D, circle). However, 1-cm superior and medial to the 
original lesion was a second 9-mm enhancing mass with type II kinetics (E, yellow circle).  A 
second look ultrasound was performed (F) and demonstrated an angular hypoechoic mass at 
12 o’clock. This mass was biopsied and the pathology demonstrated ILC. A post-biopsy right 
mammogram (G, arrows) demonstrates the two biopsy clips at different sites within the right 
breast.  
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images are based around the same 
principles as digital subtraction an-
giography. Fat does not enhance on 
post-contrast sequences and using sub-
traction essentially cancels out all of 
the bright fat signal on the T1 images 
leaving behind the enhancing areas i.e. 
masses, lymph nodes and blood ves-
sels. The T1 images are also excellent 
for evaluating for intraductal blood 
and lymph node morphology; identi-
fying the benign fatty hilum of normal 
lymph nodes.

Discussion
Breast MRI is a powerful tool for 

the radiologist when confronted with 
challenging clinical scenarios. Not all 
patients will fall neatly into the criteria 
mentioned above for MRI. In rare cases 
women will present with clinically sig-
nificant axillary lymphadenopathy; 
however, a primary lesion cannot be 
found with mammography, ultrasound, 
or physical examination (Figure 1). 

Occult primary breast carcinoma 
presenting as axillary lymphadenop-
athy accounts for less than 1% of all 
breast cancers.15 MRI has been found 
to detect 64-75% of occult breast ma-
lignancies, with the average tumor size 
being 15 mm at detection.16 In a study 
by Hong et al, MRI was found to have a 
low false-negative rate. No breast can-
cer was found in the mastectomy spec-
imens that had negative MRI studies.17 

The standard management for 
occult breast carcinoma is mastec-
tomy or upper outer quadrantectomy. 
However, given the high sensitivity 
of breast MRI coupled with the low 
false-negative rate of lesion detection, 
patient management can often be al-
tered. In their paper, Hong et al cited 
that as many as 35% of their reviewed 
patients had lesions detected at MRI 
and were then treated with breast con-
servation therapy rather than total mas-
tectomy. The advantage of MRI over 
mammography and ultrasound was 
clearly demonstrated in this case. 

At our institution, one of the most 
common indications for breast MRI 
is preoperative evaluation of a patient 

with newly diagnosed malignancy (Fig-
ure 2). Patients with a history of breast 
cancer are at increased risk for devel-
oping a synchronous (1-3%) or a meta-
chronous (5-7%) breast cancer in the 
ipsilateral or contralateral breast. Can-
cer detection in the contralateral breast 
is routinely done with mammography 
or physical examination. However, the 
sensitivities of these two methods are 
low; 1-3% for mammography and < 
1% for physical examination.18,19 The 
sensitivity of MRI for detecting breast 
masses approaches 100% as discussed 
earlier with the added benefit of deter-
mining chest wall and pectoralis muscle 
involvement. In a study by Lee et al, all 
seven of the contralateral breast cancers 
(7 of 182) were mammographically and 
clinically occult. The detection of con-
tralateral breast cancer holds prognostic 
significance. Patients with synchronous 
bilateral breast cancer or metachronous 
cancers diagnosed within 2 years of the 
primary lesion had decreased survival 
than those with unilateral tumors.20 

We have found that breast MRI is of 
particular benefit in preoperative eval-
uation of women with a pathologic di-
agnosis of invasive lobular carcinoma 
(ILC), as this particular entity presents 
as both a diagnostic and therapeutic 
challenge (Figure 3). It can be difficult 
to appreciate on physical examination 
because it may not form a palpable 
mass.21 Classic signs of architectural 
distortion and increased radiographic 
density are not common with ILC, as 
it does not always form a desmoplastic 
reaction – leading to a higher false-neg-
ative rate.22  The most common mam-
mographic appearance of ILC is a mass 
with ill-defined or spiculated margins, 
most apparent on a single view. Ultra-
sound demonstrates a hypoechoic mass 
with posterior shadowing. The ultra-
sound can also demonstrate shadowing 
without a discernable mass. MR eval-
uation of ILC most often demonstrates 
a single, irregular mass with spiculated 
margins.21-23 

Adding to the diagnostic challenges 
is the propensity for ILC to be bilateral 
and multicentric 20-30% of the time. 

In one study, further evaluation with 
MRI was shown to find additional foci 
of cancer in 13% of patients diagnosed 
with ILC at biopsy who were anticipat-
ing breast conservation therapy.23 In 
the same study, 16% of patients had a 
change in surgical management based 
on MRI findings. A meta-analysis per-
formed by Mann et al demonstrated 
additional ipsilateral lesions in 32% of 
patients which were not seen on mam-
mography or ultrasound.22-24 Therefore, 
we can conclude that MRI is a useful 
tool for complete evaluation and devel-
opment of an optimal treatment plan for 
these patients. 

Conclusions
Current recommendations for 

screening breast MRI include patients 
with a strong family history, BRCA 
1 and BRCA 2 mutations, those with 
syndromes such as Cowden or LiF-
reumani, and those who have had ra-
diation to the chest between the ages 
of 10 and 30. Breast MRI is the single 
best imaging modality for the evalua-
tion of silicone implants. In addition, 
breast MRI is used as a problem-solv-
ing tool in specific clinical situations, 
particularly as a novel way to evaluate 
patients with a new cancer diagnosis. 
Breast MRI can be used to evaluate the 
morphology of the primary lesion, de-
tect adjacent satellite lesions and other 
ipsi- and contralateral lesions. All pa-
tients with a diagnosis of ILC should 
undergo preoperative breast MRI, as a 
significant number of patients are found 
to have additional disease, which can 
alter therapy. Overall, breast MRI is 
an invaluable tool in the diagnosis and 
management of breast cancer. MRI is 
a more sensitive examination than both 
mammography and ultrasound, and 
when used in the appropriate clinical 
situations, the modality can alter patient 
management and improve outcomes.
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