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FHDI Experience

• The practice was established 22 years ago.  One of 
the first “outpatient imaging centers” in North 
America.

• Imaging services include 2 high field MR systems, 
multi-slice CT, US and Nuclear Medicine.

• 0ver 5000 breast MR exams have been performed 
since 1992.

• FHDI currently performs about 1700 breast MR 
exams annually.

• STIR imaging was promoted out of FHDI over 15 
years ago as a primary technique to be used for 
staging cancer patients with MR

• Over 65 years of MRI Technologist experience at 
FHDI

Overview

• MR Equipment
– Field strength and Magnet Type
– MRI compatible injectors

• Coils
– High quality dedicated bilateral design
– Cup design vs Open design breast coil

• Patient Preparation
– Patient positioning
– Building patient rapport

• Data Acquisition Orientations
– Axial Slice Plane
– Coronal and Sagittal

Overview continued
• Contrast Injection

– Injection sites
– Injection rates
– Hand vs Power Injector
– Injection Timing Clinical Examples

• Breast Imaging Techniques
– Historical Perspective
– Common sequences
– Sample protocols
– New techniques

• Technical Review
– Gradients
– K-space
– Parallel Imaging
– ADC Receivers

Equipment

• Magnet types
– Short bore

are preferred

• High Field strength 
:
– Good Signal to noise
– Fat/Water separation
– Short Echo times 

(TE)

SIEMENS Magnetom Avanto 1.5T

SIEMENS Magnetom Espree 1.5T

Siemens Magnetom Trio 3T

SIEMENS Magnetom Symphony 1.5T
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MR Breast Coils

• A Bilateral Coil Should 
Have:
– Good signal 

penetration
– Good homogeneity
– Good Intrinsic SNR

• Should Be Comfortable!
– Reduces motion

• A Dedicated 
Bilateral coil is 
essential!!!

Comments on Coils:

• Unilat. High-Res. VIEWS:
– 0.7 x 0.4 x 0.4 mm; 16cm FOV

• Which is the 2 channel CP 
coil?  7 channel?

• Recommend: 2 coils
– Diagnostic Coil: 2 channel!
– Large/biopsy: 7 channel…

• Why? Coil Geometry!
• Also, more coil elements PAT 

decrease S/N: not good when 
at the limits of S/N already…

SNR = 81

SNR = 42 SNR = 36

C/O Helmuth Schultze-Haakh, PhD

CP 2 channel 

4 channel 7 channel

Coil SNR 
Issues MR Compatible Power Injectors

MedRad Mallinkrodt

Patient Preparation and 
Positioning

• Supine- Body coil STIR images with large FOV for 
staging studies
– More comfortable for the patient, reduces artifacts 

from venous pooling
• Prone for Breast Imaging

– More stable, less motion in the breasts from 
breathing

• Head first vs feet first
– Claustrophobia consideration
– Hardware limits (coil  connection requirements)
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Patient Prep and Positioning

• Arms to the sides
• Breasts positioned better in coil
• Better flow of contrast medium, reduced risk of vessel 

kinking
• Less support for head and neck

• Arms above the head
• Most comfortable to support the head and neck with a 

pillow
• Shoulders may get tired
• Must consider position of injection site, injector tubing, 

and injector placement

Patient Preparation and 
Positioning

• Positioning the patient in bilateral breast 
coil
– Try and make sure that nipples are 

straight down (often used as reference 
markers)

– Can use a pillow case as padding to 
help stabilize breasts

– Do not compress the breasts
– Over-compression could occlude 

vessels

Patient Preparation and 
Positioning

• Have IV line already in place:
– At least 20 to 22 gauge angio-catheter preferred
– Use (RT) medial ante-cubital vein if possible

(fastest route to heart from the arm)
Peripheral access may be necessary in the hand or wrist
Alert the radiologist to changes in position, rate or needle 

guage

• COMMUNICATION AND COACHING !
– Explain the procedure in detail before you began and make 

sure her questions are answered
– To ensure the patient remains motionless, limit con versation 

during the exam

– DO NOT have the patient acknowledge the injection (MOTION!!!)

Building Patient Rapport

• A comfortable patient, confident in your abilities, offers your best 
opportunity to obtain high quality exams

• Understand why you are doing the exam, and communicate 
your knowledge to the patient, why are they here?
– New Dx and staging
– F/U to Tx, annual monitoring
– High risk screening
– Equivocal mammogram or US

• Take 5 minutes and read their paperwork and you will know:
– The type of pathology they have, invasive CA or DCIS 
– The type of treatment they have had or are planning for
– Which side an IV can be started in

• The better prepared and knowledgeable that you are, the more 
confident your patient will be in your abilities

• Transverse
– Visualization of internal-mammary lymph 

nodes
– Common correlation to mammography!
– Easier differentiation of vessel vs. enhancing 

ducts
– Direct “temporal” comparison of both 

breasts
– Phase Encode direction should be (R «««« L)
– Horizontal heart artifact affects axilla

• wrap-around artifact is possible (arms)

Slice Acquisition Orientations
Data Acquisition 

Axial Slice Orientation

Bilateral Breast Coil
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Coronal

Sagittal

Large FOV Coronal Plane
Supine using the Body Coil

Contrast Injection
• Gadolinium based medium

– Reduction in T1-value of perfused tissue
– Increase in T1-signal

• Dose, rate
– ~ 0.1 mM/kg
– 2  ml/s (depending upon the quality of access)
– 20 to 30 ml saline flush

• Power Injector (preferred)
– Consistency: 

• injection rate
• timing

Injection Timing

• Factors
• Cardiac output- unknown for each patient

• Injection site, catheter size, injection rate
• Injection too late- veins prevalent  
• Menstrual cycle- day 7 to 10 is optimal
• HRT has an effect on enhancement 

pattern

Injection Timing at FHDI

• All breast are injected with 20cc of contrast and 
20cc of flush at a rate of 2cc/sec for a 22g 
catheter in the medial anticubital fossa.  RT side 
preferred

• This rule applies for consistency.  Modifications 
to rate and timing apply depending upon the 
quality of vein, location, and size of catheter, and 
menstrual cycle or HRT situation

• 60 sec dynamic scans: Scan is started 30 sec 
after the start of contrast and flush

• 90 sec dynamic scans: Scan is started 15 sec 
after the start of contrast injection

Clinical Examples
of 

Contrast Timing 
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Technical Markers for Good Timing

sub MIP

Early in menstrual cycle, normal inj/scan timing

Early in menstrual cycle, normal inj/scan timing LT breast milk ducts full, recent nursing

RT breast extensive DCIS, milk dried out

LT breast milk ducts full, recent nursing

RT breast extensive DCIS, milk dried out

Breast MRI Imaging 
Data Acquisition

• MR Breast Imaging Progression
• Common Techniques 
• Image Examples
• 2D vs 3D Imaging
• Breast Study: Sample Protocols
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Breast MRI Imaging History

• 1989 Werner Kaiser et al.: 2D Gradient Echo
– MR imaging of the breast: fast imaging sequences with and without 

Gd- DTPA. Preliminary observations
– The beginning of correlations between physiology and malignancy

• Radiology, Vol 170, 681-686

• 1993 Steve Harms, et al: 3D Gradient Echo with 
Fat-Suppression
– MR imaging of the breast with rotating delivery of excitation off 

resonance: clinical experience with pathologic correlation (RODEO)
– Developed high spatial resolution technique based on 

morphological correlation with contrast and fat suppression
• Radiology, Vol 187, 493-501

• 1994 Perman WH, et al.: 3D Gradient echo 
dynamic
– A fast 3D-imaging technique for performing dynamic Gd-enhanced 

MRI of breast lesions 
– Could scan both breast simultaneously, no prior knowledge of 

tumor location is necessary

• Magn Reson Imaging 1994;12(4):545-51

Common Techniques on Magnetom 
Systems for Breast MR

iPAT-GRAPPAParallel Imaging

TSERARE

TIRM
TIRM- WATER SAT

IR- STIR

FL3D- CE
FL3D - VIBE

3D T1W  GRE

SIEMENSSEQUENCE 
TYPE

T2 AXIALSTIR AXIAL Sagittal Coronal MIP

3D T1 PRE Post Contrast SUBTRACTION MIP
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2D vs 3D  Techniques: 3D is desired for dynamic
Breast MRI

2D has slice gaps
Allowing partial
Volume effects

3D has no slice gaps reducing 
partial volume effects 
But requires more imaging time

A Typical Breast MR Template
• Pre contrast imaging (T1, STIR or T2)
• Dynamic contrast-enhanced 3D with fat-

saturation
– 60 sec to 90 sec acquisitions, 1 pre - 4 to 5 post-contrast

• High resolution post dynamic 3D scan Sag or 
Axial
– Isotropic resolution for MPR reconstruction
– Radial reconstruction very helpful

• Subtraction: pre- from post-contrast
– Improved lesion detection
– No residual fat signal even in poorly shimmed areas

• Dynamic contrast curve evaluation
– Assists in lesion differentiation: benign vs. malignant 

predictive value correlations are obtained
– Auto-processing with CAD now available

• “Projection” MIP of entire breast from subtraction 
data into a “ Summary ” film.

3D dynamic fat-saturation at 
1.5T

Pre-contrast

Courtesy of UCSD

Bilateral Axial 3D Flash Avanto 1.5T (60 
sec)

• TR 3.59 ms
• TE 1.2      ms
• Flip angle 10 degrees
• FOV 320 mm x 320 mm (adjust to 

patient)
• Voxel Size 1.1 x 0.7 x 0.8
• Matrix 287 x 448
• Thickness 0.8
• # Partitions/slices 208
• Plane Axial
• Coil elements bilateral mode
• Phase oversampling 0%
• Slice oversampling 8%
• Saturation type fat-sat
• Time to center of k-space 21.9 sec
• Scan time 60 sec

Sagittal Interviews Avanto 1.5T
• TR 11.4 ms
• TE 5.39 ms
• Flip angle 15 degrees
• FOV 160 mm x 160 mm (adjust to 

patient)
• Voxel Size 0.7 x 0.5 x 0.6
• Matrix 320 x 69%
• Thickness 0.6
• # Partitions/slices 176
• Plane Sagittal
• Coil elements unilateral mode
• Phase oversampling 10 %
• Slice oversampling 0 %
• Saturation type water excitation
• Time to center of k-space 1 sec
• Scan time 2:59 sec

Isotropic Dynamic Imaging

• “VIEWS” V olume Interpolated  Exams with Water 
Stimulation: 
� Water-excitation (= fat suppression)
� Centric reordering 
� Added after 3D dynamic
� High lesion conspicuity
� Resolution: sub-millimeter, isotropic voxels 
� Multi-planar reconstruction in any plane at 

same image quality
� Acquisition times shortened with parallel 

imaging 
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Isotropic Imaging 
Considerations

• Hardware capability (gradients, parallel 
imaging, # channels in breast coil, etc.)

• PACs/Network bandwidth and storage 
capacity

• Image reconstruction time limits, may vary 
with # of channels in the breast coil (2 vs 7 or 
8)

• Availability of auto-post processing software 
with a dedicated server offering additional 
storage

• Radiologists are embracing the power of 3D 
volumetric  imaging as a method of 
increasing diagnostic accuracy

New Techniques at FHDI
• New “InterVIEWs” Technique

– High resolution bilateral axial or unilateral sagittal 
sequence inserted within the normal dynamic 
sequences instead of at the end

• Currently investigating the use of diffusion 
breast MR

• Whole Body Staging- Currently under 
investigation at FHDI
– Head, chest, abdomen and pelvis STIR , T1 and DWI 
– Multiple table moves utilizing “Composing” software to 

combine images
– Breast CA staging, also for lymphoma, bone marrow, mets
– More cost effective than PET, includes the head, with 

superior sensitivity in the bone marrow

Breast Protocol FHDI Avanto 
1.5T

• Localizer 0:12 breast

• STIR AXIAL 3:23   breast

• Sag Prescan Unilateral 0:27   
breast

• FL3D AX PRE :60   breast

• FL3D AX POST :60   breast

• FL3D AX POST :60  breast

• VIBE 3D SAG INTERVIEWS 2:59   breast
• FL3D AX POST :60   breast

• FL3D AX POST :60   breast

• VIBE 3D SAG INTERVIEWS 2:59   breast

15:00 Total

Pre contrast

1min              2min                3-5min         6min                7min           8-10min

Post contrast

InterVIEWs Breast Protocol

Morphology Exam:

• Inserted at time of maximal tumor 
contrast: “InterVIEWS”

• Unilateral Sagittal: 16 cm FOV

– (178) 0.5 x 0.5 x 0.64 mm.

• Allows high resolution 3 plane 
(orthogonal) assessment and 
measurement.

Sagittal

Coronal

• Pre-, 30 sec inject, 1 & 2 min.

• InterVIEWS (*) 2� 5 minutes.
– Centric-reordered: (K space- arrow)

• 6 & 7 minute dynamics
• Often add another @ end...

*******

Dynamic- CAD

InterVIEWS

*******
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3D MIP, Invasive CA LT Breast InterVIEWs 3:00min acq, 0.6mm

DCIS

Breast Protocol FHDI Avanto 
1.5T

Neck,Chest and Abd/Pelvis Staging Exam

• Localizer :11   body

• STIR COR NECK CHEST 6:00   body
• T1 COR NECK CHEST 4:15   body

• TABLE MOVE

• STIR COR ABDOMEN/PELVIS 6:00 body

• T1 COR ABDOMEN/PELVIS 4:15 body

20:31 Total

Only STIR sections are done if patient tolerance is 
low.
Composing software is used to combine data sets 
from different table positions into one large FOV 
image for review

WHOLE BODY STIR

WHOLE BODY T1 COR
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Lymph System

Infiltrating Ductal CA RT Breast 

Abnormal Inframammary Lymph Nodes

InterVIEWs Sag
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Diffusion Axials Through the Pelvis

Prostate CA
Prostate CA

Breast Diffusion Imaging

• Relies on the same physiology that makes 
this technique useful in neuro imaging. 
Restricted diffusion between cells caused by 
local cellular changes.

• May add specificity to breast MR given an 
overlap between benign and malignant 
lesions when evaluated solely on their kinetic 
enhancement patterns.

• May be useful for monitoring chemo therapy 
patients as the cellular make-up of tumors is 
altered therefore the ADC of tumors will also 
be altered.

Clinical Example: IDC RT 
breast
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Clinical Example: IDC RT breast

1 min sub MIP

Diff b500 Diff b800

Pre-contrast Pre-contrast

•Breast Imaging Post Processing
•Implant Imaging

•Technical considerations
•Image Examples

•Hardware Advances

Post -Processing of Dynamic 
Data

• Subtraction
– subtract pre-contrast from 1st, 2nd and 4th or 5th minute post-

contrast measurements
– Uneven fat-sat and background tissue is removed

• Maximum Intensity Projection (MIP)
– Can MIP subtracted studies for cine display
– Can produce projections similar to mammographic vie ws
– Can create “thin MIP” views for enhanced detail

• Multi-planar Reformation (MPR)
– Can “melt-through” data sets in orthogonal or oblique d planes
– Can create reformated images in any plane or “radiall y”

• Dynamic enhancement curves
– Perform time intensity curve analysis
– Position an ROI over lesions and create curves

Post-processing:  
subtraction

=

pre 1 min post

subtraction

If FatSat Fails The Subs Will Save You!
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Good Subs = Great MIPS Proper Fat Suppression

Proper Fat Suppression
Post-processing: MIP

MIP of axial dynamic 3D FLASH with fat-sat after subtraction 
of pre- from post-contrast measurement

Courtesy of First Hill Diagnostic Imaging

A Summary
Film
In Standard
Mammography
views

CC AP

LMLO RMLO

High Resolution MRP 

Bilateral TRA VIEWS:  centric reordered k-space (

Coronal 

reconstruction (MPR) 

from same 

acquisition
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QuickTime™ and a
 decompressor

are needed to see this picture.

Dynamic MIP Viewing Radial Thin MIP Reconstructions

Useful for tracking
DCIS patterns

RADIANT  MPR Dynamic enhancement curves

Implant Imaging:
Technical Review

Breast Implants

• Breast augmentation has been used for a 
century
– Paraffin injections (ca. 1900): paraffinomas, 

wax tumor
– Plastic sponges (1950’s): seroma, fistulation, 

infections; hardening, shrinking (>5yrs)
– Silicone fluid and gel injections (as early as 

1946): siliconomas, pure silicone floating
– Silicone gel-filled (1960’s): Cronin bag

• “low-bleed” implants (1980’s)
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Silicone Implants Surgical Placement

What Can MRI Show?

• Bleed: slow escape from silicone gel-filled 
implants of very small amounts of silicone 
fluid

• Rupture: silicone gel is found outside an 
implant shell by a hole in the shell or the 
back patch may be separated from the 
shell

Helpful Information from Patients

• Need age and type of implant
• Whether it is the first implant in the breast

• Whether prior implants were ruptured
• Amount of saline solution added or how it 

was added

Breast implants: A Sample  protocol

• Protocol from FHDI:
– silicone:  water-sat, STIR, TRA

• Fat and chest wall are suppressed, silicone is bright

• Will provide the needed information for rupture in 
most cases

– Fatsat T2 SAG
• Very good for evaluating radial folds

• Use with a TE > 100 ms

– silicone suppression T2, SAG
• To exclude failure of water-suppression, and 

establish relationship to anatomy

Pre-requisites

• Good shim
– High field homogeneity is necessary
– Silicone: is 300 Hz above water 

(@1.5T) 200 Hz @ 1.0 T
– Fat: is 220 Hz above water (@1.5T) 

145 Hz @ 1.0T

• Scan with a Uni-lateral approach
– Easier to shim
– Higher spatial resolution
– No need for dynamic imaging
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Manual Frequency Adjustment Frequency Adj.: with 
silicone

Silicone

Furthest left (lowest frequency): 

300 Hz off from water at 1.5 T

200 Hz at 1.0 T

Fat

220 Hz from water at 1.5 T

147 Hz at 1.0 T

Water

Should be the center frequency

under normal conditions

Tick mark:

System’s center frequency

In this situation, the system center frequency is incorrect as indicated by the
the 186 MHz reading of the fat peak.  It should read 147 MHz at 1.0 T.

A manual adjustment will be required in order to have the fat-sat RF pulse applied
To the correct peak

From the fat peak, move the red cursor until it reads 39 MHz and then “apply”
the change.  

You have just re-set the center frequency and the fatsat RF pulse will now find
the fat peak 

Frequency Adj.: For Water-sat 
with silicone present

• The tick mark is set usually to water, except if 
silicone
is present 

• Even if water is a smaller peak the system 
applies built in “smarts” to still select water
– Going to the peak with the next higher frequency

• In the presence of silicone often fat is selected 
for the same reasons

• The frequency needs to be adjusted 
“manually!”
– Drag the line to the water frequency:

• 220 Hz from fat at 1.5 T
• 147 Hz from fat at 1.0 T

– Click “Apply” and “Close”

Manual Frequency Adjustments

• After manual tuning:  Expect
– “system frequency was adjusted” message
– Click “continue” to use the modified sequence

• Look for this message on dynamic breast 
exams to avoid timing delays
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Water-sat & STIRSTIR STIR Water-SAT & STIR

T2 SAG Normal Intact Implant Silicone Implant Rupture

Bubble in implant Extra - capsular rupture

Clinical Examples
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Double Lumen Silicone Implant Silicon and Saline Implant Rupture

MRI Breast Implant 
Imaging: Conclusion

• Breast MRI for Silicone Leak
– MR modality of choice
– MR is non-invasive, no radiation!
– Rad learning curve to “understand”

signs

Advances in High Performance MR

Technical Review

•Gradient Performance

•K-Space Characteristics

•Parallel Imaging Concepts

•Purpose of ADC Receivers

A Gradient Pulse: The MR 
Engine• Consists of:

– An amplitude to be reached (the “top” speed)
– A time period to reach that amplitude (acceleration)
– In fast imaging, the object is to reach the peak 

amplitude quickly and sustain it
– If the area under the gradient shape is constant, 

the same effect is achieved

A

D

2A

1/2 D 2D

1/2 A

Area = A * D = 2 A * 1/2 D = 1/2 A * 2 D

Time
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The Importance of Gradients

• Gradient system
– Amplitude
– Rise time 
– Slew rate

• Smallest TR and 
TE allows higher 
resolution in  
shorter scan times

22045

1.5 0.6

Gmax
(mT/m)

Slew rate
(T/m/s) TR TE 

50

125

20

2.4

1.9

1.2

0.8

1.02.1

75

30

Review of K-space 
Basic Characteristics

P
H

A
S

E

FREQUENCY

P
H

A
S

E

FREQUENCY

RESOLUTION

RESOLUTION

SNR - CNR

K-SPACE CHARACTERISTICS

90 %LOW SPATIAL
FREQUENCIES

HIGH SPATIAL
FREQUENCIES

HIGH SPATIAL
FREQUENCIES

EQUAL

Conjugate Symmetry

-125
-126

-124

-127

-123

-128

K-Space Traversal in normal Sequential Mode

LT to RT, negative maximum
to positive maximum, or vise
versa for Phase encoding steps

0

-128

128

256 x 256 matrix

1

-1

2

-2

3

-3

Centrically Reordered
K-Space optimizes
Dynamic contrast
Imaging- SAG InterVIEWS

90% SNR/CNR0

256 x 256 matrix

-128

128 PARALLEL IMAGING

• Parallel imaging techniques use spatial 
information inherent in local coil arrays along 
with the known sensitivity profiles of each coil 
element to replaces time-consuming phase 
encoding steps with their data, thereby 
reducing scan time.

• MRI data is partially collected in a 
conventional way, then simultaneously data 
from the coil arrays is inserted into the 
missing blanks to complete the picture,thus 
the term “parallel” imaging.
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Common Current Methods

• SENSE: SENSitivity Encoding of Coil 
Array

• SMASH: SiMultaneous Acquisition of 
Spatial Harmonics

Coil #1

Coil #2

1

Prior Knowledge of coil
Sensitivity profiles

SMASH
reconstruction

FFT

2 3 4 5

The SMASH algorithm adds missing data to “k-
space” prior to the FFT and image reconstruction

Coil #1

Coil #2

FFT

FFT

Prior Knowledge of coil
Sensitivity profiles

SENSE
reconstruction

The SENSE algorithm focuses on “images” reconstructed after the 
FFT and removes the aliasing by filling in the missing data

1 2 3 4 5

Clinical Examples

�

iPAT  1:30 secTA  3:07

�

ADC Receivers

• ADC Receivers (receiver channels) are part of the RF 
subsystem and are responsible for transferring signal 
from RF coils to the reconstruction processors.

• The more efficient your system’s receiver chain is, 
the more you can translate abundant signal into 
faster higher resolution scans using parallel imaging 
techniques.

• SNR is still the “currency” of MR Imaging

You need water: 

You need a pump: 

You need pipe:

( MR signal)

(Gradient system)

(ADC Receiver
bandwidth)

You need a bucket: 
(RF coil)

RESULT

Multiple
array coils

High slew
Rate gradients

High
Bandwidth
ADC channels

OPTIMIZED

OPTIMIZED

OPTIMIZED

Increased
Signal flow,
Faster scans
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Technical Summary
• The continued advancements in hardware development and 

signal processing have led to the convergence of what were two 
different approaches to breast MRI.

• It is now possible to unite physiological and morphological 
imaging at the same time to fully exploit the many benefits of 
MRI.

• The combination of advanced hardware, software and image 
review techniques, especially the 3 dimensional presentation of 
breast MR makes it a very powerful diagnostic and staging tool. 

Conclusion:Progress in the 
making ...

• Increasing convergence of high spatial/high temporal resolution 
imaging
– Isotropic 3D dynamic sequences “InterVIEWS”

• Improving guidelines for image interpretation and diagnostic 
criteria
– Common Lexicon being implemented through ACR BIRADS

• MR breast biopsy devices are now available 
• New contrast agents in development as well
• CAD Processing software now available
• The consolidation of imaging modalities is key (MR Rads, 

Mammographers, and Ultrasound) are all coordinating their 
efforts  in the interpretation process
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Thank you for attending this session.

Session 3
Technical Considerations of Breast MR Imaging

Please take a few moments to complete your 
evaluation form before you leave.


