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Overview 

•  Standard breast imaging modalities 
– Mammography 
– Ultrasound 
– MRI 

•  Imaging techniques 
•  Indications 
•  Limitations 



Mammography 



Mammography 

•  Screening mammography 
•  Diagnostic mammography 



Screening Mammography 



Screening Mammography 

•  Identify breast cancer in an asymptomatic 
population 

•  Primary goal is early detection, leading to 
improved survival 

•  Through RCTs has been shown to reduce 
breast cancer mortality and morbidity  

•  Considered the gold standard for breast 
cancer detection 



Figure 1. Use of Screening Mammography and Incidence of Stage-Specific Breast 
Cancer in the United States, 1976–2008.  
Bleyer and Welch. Effect of Three Decades of Screening Mammography on Breast-
Cancer Incidence. N Engl J Med 2012;367:1998-2005. 
 
 



From Tabar et al., Radiology 2011; 260(3): 658-663. 

Screening Mammography: 
Swedish Two-County Trial 



Screening Mammography 

•  Goals 
– Survey as much breast tissue as possible with 

the lowest radiation exposure possible 
– Separate the normal from the abnormal 



Screening Mammography 

•  Consists of 2 views of each breast: 
– MLO (mediolateral oblique view): X-ray beam 

travels from inner to outer aspect of breast, 
taken at an approximately 45° 

– CC (craniocaudal view): X-ray beam travels 
from top to bottom of breast at 0° angle 



R  MLO 

Mediolateral Oblique View 



L  CC 

Craniocaudal  View 
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Screening Mammography 

•  Consists of 2 views of each breast EXCEPT: 
– Additional images needed to include all of 

the patient’s breast tissue 
– Implants: 4 views of each breast 

• Bilateral with implant CC and MLO views 
• Bilateral implant displaced CC and MLO 

views 



Bilateral MLO 
and CC with 
implant views 

Implant behind 
the pectoralis 



Bilateral MLO 
and CC implant 
displaced views 

Implants are pushed 
back and the more 
anteriorly located 
breast tissue is 
compressed 



When should the average risk 
patient start screening 

mammography? 



Mammography Screening: 
Guidelines 

•  ACR/SBI (American College of Radiology/ Society 
of Breast Imaging): Annually beginning at 40 

•  ACS (American Cancer Society): Annually 45-54, 
40-44 consult MD, every 2 yrs >55 

•  ACOG (American College of Gynecology): 
Annually beginning at 40 

•  American Society of Breast Surgeons: Annually 
beginning at 40 

•  CDC (Centers Disease Control and Prevention): 
Every 2 years from 50-74, 40-49, consult MD 



As radiologists we follow the ACR/SBI 
recommendations:  
•  Annual mammograms for women 40 

and over for as long as they are in good 
health 

Mammography Screening: 
Guidelines 



Diagnostic Mammography 



Diagnostic Mammography 
Indications: 
•  Evaluate patient symptoms/physician-

detected findings 
– Breast lump, pain, nipple discharge 

•  Evaluate questioned findings noted on 
screening mammography 

•  Follow-up a probably benign finding noted 
on previous diagnostic study 

•  Breast cancer management  
– Evaluate for extent of disease, for response to 

treatment, and for recurrent disease 



Diagnostic Mammography 
Images obtained vary depending on indication: 
•  May consist of only routine CC and MLO views 

(as in screening) 
•  May also include diagnostic mammographic 

views 
– 90 degree views (ML or LM) 
– XCCL or XCCM ( to include far lateral or 

medial tissue) 
– Magnified or non-magnified spot 

compression views 



Diagnostic Mammography: 
Palpable Abnormality 

 
63 year old woman with mastectomy 
and TRAM flap reconstruction with 
palpable abnormality 





Spot tangential view 



Diagnostic Mammography: 
Recall from Screening 

Asymptomatic 70 year old woman 
recalled for additional imaging after an 
abnormal screening mammography. 



Screening Mammogram 



Screening Mammogram 



Diagnostic View – 90 degree lateral 



Diagnostic Views –  
Nonmagnified Spot Compression Views 



US - Suspicious mass 
corresponding to the 
mammographic finding 

Dx: Grade 2 IDC 



Diagnostic Mammography: 
Evaluating for Breast Cancer Recurrence 

Asymptomatic 60 year old presents 
for annual mammography. 
Status post lumpectomy in 2016. 
 



Right central breast distortion at lumpectomy site. 



Diagnostic Views –  
Spot Magnification Views of lumpectomy site 

New calcifications - Grade 3 DCIS 



Diagnostic Mammography 

•  Problem-based imaging should answer 2 
questions: 
–  Is an abnormality present to correspond to the 

symptoms/questioned screening finding? 
– Are there any suspicious characteristics to 

warrant biopsy? 

 



Mammography: Limitations 

•  Utilizes ionizing radiation 
•  Less sensitive in patients with dense 

breasts 
•  2D representation of 3D structure – 

superimposition 
•  Limited in setting of implants, silicone 

injections, post-surgical changes 
 



Tomosynthesis 

•  Modification of current digital MG systems 
•  Method of creating a “3-D” image of 

breast: multiple thin slices through the 
breast, eliminates overlapping tissue 

•  Increasing utilization over past few years 
– FDA approval:  Hologic’s Selenia Dimensions 

tomosynthesis unit in February 2011 
– FDA approval:  GE’s Senoclaire 

tomosynthesis unit in September 2014 



Tomosynthesis 

Patient is 
positioned in the 
standard CC or 
MLO positioning 
 
Breast is 
compressed as for 
a standard 
mammogram 



Tomosynthesis 

Multiple (typically 
15) low dose 
images are 
obtained as the X-
ray tube moves in a 
limited angle arc 
around the breast 
 





CC view 

MLO view 





Tomosynthesis 

 
 
 
 
 

 

Images are 
reconstructed to 
produce high in-
plane resolution 
1mm slice images  
that can be viewed 
in a cine loop 



Tomosynthesis 
•  One tomosynthesis sweep has a dose 

similar to a single standard mammogram 
image 

•  Protocols:  
– Many variations have been utilized 
– Most common has been: 

• Standard CC and MLO views  
• 2 tomo sweeps in the CC and MLO 

projections - 2x standard mammo dose 



Tomosynthesis 

•  Newer option has become available 
– synthesized 2D views created from the 

tomo sweep data sets 
–  FDA approved Hologic’s C-view 

(synthesized view) in May 2013 
–  Standard views may no longer be 

needed – same dose as a standard 
mammogram 



Synthesized “C-view” Standard View 



Tomosynthesis 

Why use it? 
•  Several studies have shown an increase 

in both specificity and sensitivity when 
comparing tomosynthesis to standard 
mammography  
– decrease in recall rates  
–  increase in cancer detection rates  



Tomosynthesis 

How does it reduce recall rates? 
•  Reduces recalls due to tissue overlap 
•  Increases possibility of assessing finding as 

benign given better visualization of masses 
and their margins   
– multiple bilateral similar appearing benign 

masses 



Tomosynthesis 

How does it increase cancer detection 
rates? 
•  Less tissue overlap allows for 

– Better lesion visibility 
– Beter margin vibisility 
– Reader confidence in classification 



Standard View Tomo view 

Tomosynthesis 



53 yo presents for annual screening mammogram   



53 yo presents for annual screening mammogram   



Right MLO Tomo View Right MLO Nonmag Spot 
Compression View 



Right CC Tomo View 
Right CC Nonmag Spot 
Compression View 



Grade 2 Invasive 
Mammary 
Carcinoma 



Tomosynthesis: Disadvantages 
Radiation dose 
 
Special technologist training for positioning - 
larger detector size. 
 
Motion artifacts - longer exposure time. 
 
Large calcifications can cause artifacts. 
 
Large number of images increases radiologist 
interpretation times (at least 2x). 
 
Adds no significant value in lesions well seen on 
2D mammography. 
 
Appearance of normal structures on tomo may 
diverge from that on 2D mammo – additional 
radiologist training. 



Ultrasound 



Ultrasound 

•  Uses sound waves to create images, 
rather than using potentially harmful 
ionizing radiation 

•  Traditionally, it has been used in 
diagnostic imaging and in ultrasound 
guided procedures 

•  More recently, it has begun to be used as 
a secondary screening modality  



Ultrasound 

Indications 
•  Further evaluate a mammographic finding 
•  Further evaluate a breast symptom, often 

following mammography  
•  Evaluate symptoms in women <30 years 

or pregnant women (generally do not 
undergo mammography) 

•  Further evaluate an MRI finding (second 
look ultrasound) 



Ultrasound: Further Evaluation 
of Mammogram Finding 

42 year old presents for annual 
screening mammogram. 



 

 



 

 

BIRADS 0- 
Additional 
Views 
Needed 



90 degree  
lateral view 

Non-magnified spot 
compression view 



BI-RADS 2 - Benign 

Diagnosis= Cyst 

Ultrasound: Further Evaluation 
of Mammogram Finding 



Ultrasound: Further Evaluation 
of Palpable Abnormality 

41 year old presents for 
evaluation of two palpable 

abnormalities in the right breast 







Negative mammogram. Two solid 
masses seen on US (MG occult). 

Ultrasound: Further Evaluation 
of Palpable Abnormality 



Ultrasound: Second Look US 

39 year old BRCA mutation carrier with 
recent screening MRI which demonstrated 

a suspicious right breast mass 





Diagnosis = Grade 2 Invasive Ductal Carcinoma 

Irregular antiparallel hypoechoic mass with 
noncircumscribed margins.  
BI-RADS 5 - Recommend Tissue Diagnosis. 

Ultrasound: Second Look US 



Ultrasound: Initial Imaging Test in 
Women <30 

20 year old presents for evaluation of a 
physician detected palpable abnormality 



Oval, Parallel, Hypoechoic Solid Mass 
BI-RADS 3 – Probably Benign 

Ultrasound: Initial Imaging Test in 
Women <30 



Ultrasound: Limitations 

•  Operator dependent 
•  Limited specificity 
•  Time consuming 



Ultrasound: 
Secondary Screening Tool 

•  Can be performed in addition to mammography  
•  Indications: 

– Dense breast parenchyma 
–  Intermediate risk patients who do not meet 

ACS criteria for screening MRI 
– High risk patients who cannot undergo MRI 

(claustrophobia, pacemaker) 
– Extent of disease following breast cancer 

diagnosis 



Pros 
•  No ionizing radiation 
•  No masking effect of 

dense breast tissue (as in 
MG) 

•  Increased detection of 
small lymph node 
negative invasive cancers 
when combined with MG 

Cons: 
•  Unable to identify all 

calcifications  
•  May not be able to identify 

small masses (esp in fatty 
breasts)  

•  Findings are often 
nonspecific (high false 
positive rate) 

•  Operator dependent 
•  Limited resources 

–  Gold standard = MD 
handheld 

Ultrasound: 
Secondary Screening Tool 



Ultrasound: 
Secondary Screening Tool 

Automated Breast Ultrasound 
•  Decreases limitations of operator 

dependency  
•  Removes physician time to perform hand 

held ultrasound  
•  Screening time can potentially be faster than 

traditional handheld US 
•  Scans can be performed throughout the day 

and batch read, similar to screening 
mammography 



Ultrasound:  
Secondary Screening Tool 

Technologist 
applies the paddle 
to the breast and 
the ultrasound 
transducer makes 
an automated 
sweep over the 
breast. 



Images are processed to produce thousands of images that 
allow the breast tissue to be viewed in 3 planes, similar to MRI 



Breast MRI 



MRI 
MRI uses radiofrequency pulses in a strong 

magnetic field to create images  

 



Breast MRI 

•  Unlike MG and US, MRI performed with 
patient in the prone position 

•  Breasts fall dependently away from chest 
wall  

•  Non-contrast sequences: Localizer, T1, 
T2, pre-contrast GRE 

•  Inject IV contrast 
•  Post-contrast sequences: 1-5 Axial GRE 
•  Post-processing: Subtraction, sagittal 

reformations, MIP 



Breast MRI 

•  No radiation exposure  
•  Not limited by breast tissue density 
•  Reproducible  
•  More sensitive and specific than both MG 

and US – most sensitive imaging modality 
for breast cancer detection 

•  Utilizes intravenous contrast (unlike MG 
and US) à functional exam 

 



MRI 
Uses IV gadolinium-based contrast 
•  Identifies areas within the breast with more 

blood flow  
•  Relies on tumor angiogenesis – new, 

abnormal “leaky” blood vessels cause 
malignancies to enhance more avidly than 
the normal surrounding tissue 

 



Breast MRI: Non-contrast 

T1 non fat sat: 
Anatomy, lymph 
nodes, fat 
planes, breast 
composition 

STIR: fluid bright, 
lymph nodes 



Breast MRI:  
Initial Post-Contrast 

Post-contrast non-
subtracted 

Post-contrast 
subtracted 



Breast MRI:  
Delayed Post-contrast 

Subtraction 2 

Subtraction 5 Subtraction 4 

Subtraction 3 



Kinetic Curve 
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Breast MRI 

•  As with MG and US, a lesion’s morphology 
(shape and margins) are important when 
determining level of suspicion 
– BI-RADS lexicon defines the descriptive terms 

•  MRI also uses enhancement 
characteristics, including kinetic curve, to 
aid in lesion analysis 

•  Morphology trumps kinetics 



Breast MRI 
cement  

Kinetic curve shows 
rapid blood flow into 
and out of the area – 
suspicious kinetics 

Irregular enhancing mass 
with spiculated margins - 
suspicious morphology 



Breast MRI 

        Normal tissue can enhance =  
Background parenchymal enhancement (BPE)  

 

Minimal Mild Moderate Marked 



Breast MRI 

•  BPE is most pronounced in the luteal 
phase of the menstrual cycle 

•  Best time to image (most likely to get 
minimal or mild BPE) is days 7-10 of 
the menstrual cycle 
– Should schedule high risk screening 

studies accordingly 



Breast MRI 
Indications: 
•  Assess silicone implant integrity/rupture 
•  High risk screening (>20% lifetime risk) 
•  Assess response to neoadjuvant chemo 
•  Assess extent of disease in newly 

diagnosed breast cancer patients  
•  Metastatic axillary lymphadenopathy of 

unknown primary 
•  Problem solving  
•  ?Nipple discharge 

 



Bilateral intracapsular implant rupture 

Linguine sign 

MRI: Implant Evaluation 



Irregular enhancing mass right LIQ. 
US biopsy = Grade 2 IDC 

MRI: High Risk Screening 



MRI: Metastatic Adenopathy of  
Unknown Primary 

42 year old with a palpable left axillary 
abnormality. An outside palpation guided 
biopsy was reported as metastatic IDC. 

 



Palpable left axillary 
metastatic lymph node 

Left breast mass 
suspicious for primary 



Additional suspicious 
left breast masses 

Suspicious linear right 
breast non-mass 
enhancement 



RIGHT LEFT 

Noncalcified DCIS 
(mammo occult)  

Multifocal IDC with 
nodal metastases 



Grade 1 IDC and DCIS 

MRI: Extent of Disease 



MRI: Extent of Disease 



Grade 3 IDC and DCIS 

Contralateral malignancy – 3-5% 

MRI: Extent of Disease 



Neoadjuvant Chemotherapy 
Response 

Pre Chemo Post chemo 



MRI: Problem Solving 

33 yo with left nipple inversion, neg MG/US 



MRI: Problem Solving 

Spindle cell carcinoma – favor fibromatosis 



MRI: Nipple Discharge 

papilloma 



MRI: Limitations 
•  Expensive 
•  Less availability compared to MG and US 
•  Variable specificity 
•  Requires IV gadolinium 
•  Pacemakers, metallic implants, 

claustrophobia, inability to lay prone  
•  More time to perform and more images to 

interpret than MG and US 
•  Hormonal influence 



Summary 

•  Standard breast imaging modalities 
– Mammography 
– Ultrasound 
– MRI 

•  Mammography is the gold standard for 
breast cancer screening/detection 

•  Ultrasound and MRI are helpful 
supplemental imaging modalities – 
diagnostic and screening 



Thank You 


