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Educational Objectives

1. Provide an overview of breast MR imaging and
MR-guided biopsy procedures.

2. Describe breast MR image quality criteria and
orotocol optimization.

3. Discuss the components of a breast MRI quality
control program.




Breast MR Imaging

A Screening for patients at higher risk for breast
cancer due to family history or the presence of
genetic markers.

A Detect malignancies not visible on mammography
ultrasound

A Determine the extent of disease
A Monitor response to treatment
A Detect implant rupture



Breast MR Imaging Systems

DedicatecbreastMRI systems: [[EEaaass

Wholebody MRI systems: ST ———

~ dedicatedables withintegrated breast coils
~ detachabléabletop breastoils

WWw.invivocorp.com/coils/ www.sentinellemedical.com/products.html



Breast MR Image Quality

Challenges:
AAdequate SNR ACR: #fAnot too grainy:
A Good spatial resolution
AO 1 mm x -plana msolution
AO 3mm slice thickness
A Temporal resolution dynamic series {80 sec/phase)
A Absence of (or minimal) artifacts
A Uniform signal
A Uniform fat suppression
A Good contrast




Example of Diagnostic Breast MRI Protocol

3-plane W
localizer

e (

3D T1W bilateral
multi-phase series,
Gd contrast, fat sat

2D Sag
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T2W fat sat
bright fluid
series

, Axial
e Bilateral
= T1W
- series

Axial
PostGd
high resolution
(512x350),
fat sat,
T1W series

May include spectroscopy, diffusion
weighted imaging (DWI1).
Protocols vary between facilities.



| mage contrast

T2, bright fluid series:
AT2-weighted FSE, 4mm slice thickness, no gap
AFOV, matrix to achieve pixels <1mm

ABright fluid contrast distinguishable from
background

AGood SNR
AUniform signal
AUniform fat saturation



Clinical example

T2W bright fluid series:
A Bright fluid contrast
A Fat saturation fairly uniform

GE 1.5THDXt

2D T2W, sagittal
FSE, ETL 17, fat sat
TR/TE 4950/89 ms
256x192, NEX 2
FOV 220mm,
4.0mm/0 gap




|mage contrast

Precontrasfl 1-weightedimages:

ABright fat

AUniform signal

AVessels: dark on spiacho, bright on gradient echo sequenc
AFibrous, glandular tissue, cysts appear dark

GE 1.5THDXt

Axial 3D FSPGR, fat sat
TRITE 7.5/4.2 ms
384x384, NEX 1

FOV 280mm

1.8 mm /0.9 spacing
ASSET acceleration




Fat Saturation Methods

Freguencyselective fat saturation (fat sat,
chemsat) dependent on good magnetic field
homogeneity

Subtractiorof T1W co-registered preand
postcontrastmages

Dixon methods
Inversionrecovery based sequences (STIR)



Frequency-selective Fat Saturation

AFrequencyselective fat or silicone saturation is routinely
used in breast imaging. Frequency of saturation pulse must
match resonant frequency of fat/silicone.

ASelection of resonant peak usually automated, but may
require manual adjustmeAt Technologist training
essential.

AUniform saturation dependent on homogeneity gfidsd
within the imaged volume:

Achallenge (breasts off isocenter)
Ashimming Is important



Fat/silicone saturation- peak selection

~440 Hz ~200Hz 3T
(fat -water separation 3.5 ppm)
~220 Hz ~100 Hz 1.5T
l . Effective chemically
fat selective fat or silicone
water silicone saturation depends on
A N accurate peak selection.

GE. center on water, saturates

Increasing frequenc
J1req y fat signal at -220Hz (1.57)

= |




Composition of breast tissue

Glandular tissue Silicone - 7 &% | Adipose tissue

",

o

Composition of breast tissue (adipose/glandular/silicone) determines
appearance of spectrufeaks may not be distin@electing the
correct peak to achieve fat or silicone saturation can be challenging.




T2-weighted FSEfat sat failure

Left breast Right breast

CF 128,173,640 Hz A CF 128,173,200 Hz

Difference in center frequency 440 Hz (Bfim) equal ta3T difference in
resonant frequency between-vadter. Centered orfat peakA fat sat
failed to suppress fat signal.



3D

T1 postcontrast dynamic, fat sat

Left breast

Right breast

Center frequency = 128,173,593 Hz
Good fat saturation achieved on both sides



Saturation fallure

T2W fast spin-echo

TR =3500ms / TE =86 ms
echo train length = 8

122 Hz/pixel bandwidth
256x256 matrix, 200 mm FOV
1 average

fat sat

ABandwidth of thesat pulse
centered on fat sufficient to
saturate both fat and silicone
signali both appeadark.

Alncomplete saturation of fat
and/or silicone can occur in
regions with large static
magnetic field
Inhomogeneties.



Shimming
A Shim volumea usermay prescribe graphically

A Current in shim colls adjusted to optimizgfigld

uniformity within the volume. Improves uniformity of fat
saturation.

1"l




Shimming

One vendor 0s shim coi l Ssysten
suppressiom breast MR imaging AuroraSUPERSHIW
Typical “Sweet Spot” Ellipsoid “Sweet Spot”

typical MRI Aurora MRI
Oval shape and positioned more anterior so that bilateral brea

tissue Is centered within shim volume.

http://www.auroramri.com/mri/index.shtml



Image Contrast
PostGd contrast Tiweighted images

AGadolinium contrast agent shortens the T1 relative
to adjacent tissues.

ALesions that uptake contrast agent appear bright or
T1-W images

ANon-malignant pathologies may also appear bright

AFat suppression necessary to differentiate between

bright fat and enhancing tissues.



T1W DCE Multi -phase series

0:00 [ 1:43 3:26 5:09 8:35
R

Min:Sec /

Early/first phase Late/last phase
Pre-contrast Phase 1 Phase 2 Phase 3 Phase 4



Dynamic Contrast Enhancement
poseta?cr)r)lltrast intermediate and late (DCE)

phase . postcontrast phase
? Types |, I, IlI:
= L - Persistence of
— enhancement
e4% Matignant | - Timing of peak
enhancement,

i - Rate of washout

87% Mailgnant

Kuhl CK, et al. Dynamidoreast MR
imaging: are signal intensity time course
data useful for differential diagnosis of
enhancing lesions?

Radiology. 1999211(1):101-110.




Dynamic Contrast Enhancement
(DCE)

Uptake rate depends on:
Avascular density: tends to be higher in tumors
AWash out rate:
Faster rate in malignancies
Slower in benign lesions
Also affected by
AHormone replacement
ATiming within menstrual cycle



T1W Multi
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ACR:

Multiphase T1 series w/o fat sat:

Postcontrast -
First phase

o
A

’1‘._. .

subtractions

Precontrast

/’m" =
a.
st

Postcontrast <

/’ |
7

Last phase

Precontrast

/’m" =
a.
St

ST

o

Subtraction

A
Subtraction
E g 1
g ":;@;-

Submit preand posicontrast series and both subtracted se




Breast MR Spectroscopy

A Potential to Improve specificity
A Choline (Cho) indicator of cell proliferation
A If present, likely malignant

residual
water

lipid
-CH=CH-

Bolan, P.J. ISMRM, 2004.



Spatial Resolution

Spatial Resolution: ACRriteria only @ply to pre and
postcontrast Tiweighted multiphase series:

AAcqguired (not interpol ate:
>4.0mm will fail.

A 3-4mm: may fail if there are deficiencies in other
categories.

Alnpl ane resolution must be
>1.2mm will fail, 1.61.2mm may fail if deficiencies in
other categories.

Alnterslicegap must be O Omm (i . ¢
are contiguous with no gap), >0mm will fail



Spatial resolution

High contrast spatial resolution requires smakels

ALarge matrix d, = FOV, /N, Resolution (frequency-encoding
ASmall FOV direction
AThin slices d. = FOV; / N; Resolution (phase encoding
direction)
Ogjice Resolution (slice direction)
Tradeoffs:
ALonger scan time if phase matrix is increased

T

Scan

=TR N_ . N Acquisition time

AReduced SNR, improve with 3T imaging



Temporal Resolution

Temporal Resolution: ACR criterigoply to Tl
welighted multphase series:

A Total time between contrast injection completion and end
of early phase:
O4 mi n
>5min will fail
1min-5min may fail if other deficiencies

— Total time must be £ 4 min ———Ml ase

|

——Tlime Déla".'——-!-—-—--— Acquisition Time ——————s|

Time of end of Time early phase Time early phase
contrast injection post-contrast 11 post-contrast 11
series begins sernes ends




Speed

Parameters that improve speed (DCE temporal resolution):

Parameter Trade-off
Z Repetition time (TR) ZSNR
Z Number of (NSA &EBEX) av e ZSNR
Z Phase encode matril]ZRes ol uptanep|n
Z Number of 3D slicg ZResol utilon
direction)
Har dware: gradiedh)t y Cost
Co i | ofindependent phased arrayelements y Coil | g o ¢
Z Uni f or|mi
Parallel imaging: 9§A Z SNR, pdgt e
artifacts




SNR

Potential causes of low SNR:

ALow field strength
APoor coil connection
ACoil element failure
Alncorrect center frequency selection
AProtocol parameters:

- Smallvoxels(large matrix,

small FOV, thin slices)
- tradeoffs: speed, SNR, resolutiol

FOV, FOV,

SNR r
N, N, Du,

B f

amp




3T1 trade additional SNR for increased spatial

resolution or faster scan time

b “

FSE T2W w/ fat sat,
FOV 220mm, 256x192, 4mm

3T

\

FOV 200mm, 320x192, 3mm

FSE T2W w/ fat sat,




Breast MRI Artifacts

Common artifacts in breast MRI

A Motion

A Truncation artifacts

A Out of volume wrap

A Susceptibilityartifacts

A Signal nonuniformity

A Poor or noruniform fat saturation



Motion artifacts

Occur in the phase encoding direction. Caused by cardiac
motion, respiration, patient movement. Results in phase
mis-mapping in kspace due the time delay between
phaseencoding and signal readout.

»
3 »
.
. -
»
\
LJ




Truncation Artifacts

A Occur at high contrast edges.
A Alsoknownas Gibbsonr i ngi ngo art
A Can occur In either phase or frequency direction.

A Minimized by increasing matrisize
A High contrast spatial resolution improves

A Scan time also increases if phase matrix is increased
A SNR reduced

[ ] —

Object profile Measured intensity profile




Truncation Artifacts

FrequeNCY e

Phase )

Small ACR phantom in 3T GE 8 chanhk#D breastarray
320x192 matrix 320x320 matrix



Al 1 asi ng-Aoro umWiroe

Artifacts
Aliased to
lower
Aliased to 4 frequency
higher
frequency
Aliased
faliased = 1:true B 2fNyquist ’ ‘ image

Phase )



Al 1 asi ng-Aogroum\Wroa p
Artifacts Alncrease FOV to include
anatomy & increase phasacode
PhasSe —— steps to maintain resolution
(tradeoff. impacts scan time)

ASwap phase and frequency
encoding directions : shorter
dimension in phasencoding
direction (tradeoff: cardiac/
respiratory motion artifacts)

AUse fANo phase
ali asingo techn



Phase =)

Peripheral SignalArtifact
(annefact star artifact)
e

et SR TR L o
FSE: Spine exam using spine phased array FSE: Star artifact i bright signal close to
coil . center of 3D images.

Signal originates in region outside FOV where gradients are
nonlinear. FID from 180 pulses not crushiealiases back into
Image.



Magnetic Susceptibility Artifacts

Metallic objects can cause distortions of the static and
gradient fields, RF fields, or both

A Ferromagnetic objectsdistort B, and B fields
A Non-ferromagnetic metal objecislistort B, fields

e

Typical effects arsignal voids -
andgeometriadistortions. Most notice "v'
able on GRE (rather than

SE or FSE). Reduce appearance

with wider receive BW, shorter TE. -




Signal uniformity and breast coil design

1.5T Sentinellecoll -

axial image of small
ACR phantom

3T GE HD array

axial image of small
ACR phantom




Signal Uniformity

APatient positiorand fitwithin the coil

AShape and position of coil elements, how well
conforms to breast shape

Optimal Height
of Lateral Coil
Arrays

Figure 28: Optimal Height of Lateral Coll Arrays



MR -guided Breast Biopsy

AEquipment needed:
ABreast biopsy coll
AGrids/compressiodevices
ACoreneedles
ABiopsy unit
ALocalization software

Suros ATEC MR
Compatible
Vacuum Biopsy System




MR -guided Breast Biopsy

Marker

~NOr= D
o




DynaCad Biopsy Guidance
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MR -guided Breast Biopsy

Tiic o

(1) Dynamic MRI to locate target

(2) Axial Post to verify skiparget distance
(3)Fast, high BW sequence to localize
(4)PostBx images to verify



Breast MRI Quality Control

Quality control of MRI systems used for diagnostic breast
MR imaging and biopsy guidance
A Is Important to ensure production of high quality images

oy evaluating whether MRI scanner and coils used for
oreast imaging are performing consistently over time.

A Should be part of a comprehensive MRI quality control
program.

A May be required to satisfy accreditation program
requirements




ACR Breast MRI Accreditation Program

WWW.aCr.org

Breast Magnetic Resonance Imaging (MRI)
Accreditation Program Requirements

ACR

AMERICAN COLLEGE OF

RADIOLOGY

Breast MRI Accreditation Program

Clinical Image Quality Guide

ACR

AMERICAN COLLEGE OF

RADIOLOGY
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ACR Breast MRI Accreditation Program

A Any field strength
A Colls capable of simultaneous bilateral imaging

A Must accredit all MR systems at the facility that are
used to perforngiagnostic breast MR imaginfpoes
not include:

A Dedicated systems used for radiation therapy
treatment planning

A Dedicated interventional MRI systems

A Systems used for MBuided breast biopsy but not
breast MR imaging



ACR Breast MRI Accreditation Program

A Currently no phantom image submission.
A Clinical case (bilateral) for each scanner

A BI-RADS category sknown, enhancing, biopgyroven
malignancy

A Quality control program and medical physicist involvement
essentially the same as MRI Accreditation Program (MRAP)

A Breast MRispecific experience/training requirements for
technologists and radiologists.



ICAMRL Accreditation Program

IntersocietaAccreditation Commission Magnetic Resonance
Lab (ICAMRL) offers a breast MRI accreditation option.

A No phantom image review.

A Clinical images acquired within the last year submitted for
review.

A Breast MRispecific experience/training requirements for
radiologists.

A Cost similar to ACR BMRAP program.



ICAMRL Accreditation Program

A Quality control program established by Quality Assurance
Committee and/or the Medical Director. Tests performed according
to manufacturer os perfor mance

A Acceptance testing required after installation and major upgrades.
A Periodic maintenance (PM) required
A QC performed by MR technologist, service engineer, medical
physicist or nqualified expert

A Daily and periodic QC required

A Equipment function and safety

A Center frequency

A SNR

A Uniformity

A Artifact assessment



Breast MRI QC

Physicist:
A MRI system performance evaluation after scanner

Installation, annually and following major repair or
hardware/software upgrade

A Annual QC of all RF coils (including breast MRI colls)
A Review of technologist QC
Service engineer:

A Periodic/preventative maintenance (PM). Frequency
defined in service contract

MRI technologist:
A Dally/weekly phantom scans
A Image quality assessment during acquisition



Breast MRI QC

Radiologist:

A Review of clinical images for quality, diagnostic value

A Provide feedback to technologist
A Positioning
A Quality of fat saturation

A Use of appropriate sequences/scan parameters

A Optimization of breast MR protocol$

or scan options

A Incorporation of new sequences, cail

In collaboration with
Ine MR Physicist for
technical guidance



ACR BMRAP Quality Control Program

QC program identical to ACR MRAP.

A Acceptance, annual, pespgrade/repair testing
A Annual testing of all RF coils

Dally/weekly QC:

Choice of phantom and action criteria determined by
nqual i1 fi ed medi cal Physi
cooperation with the sys:
A Large ACR phantom in head coll

A Dedicated breast MR systems may choose to use small
ACR phantom in breast coill.

A Other vendoisupplied phantom




Quality Control - Technologist

Technologist QC test Minimum frequency
Center frequency Weekly
Table positioning Weekly
Set up & scanning Weekly
Geometric accuracy Weekly
High contrast resolution Weekly
Low contrast resolution Weekly
Artifact analysis Weekly
Film QC Weekly
Visual Checklist Weekly

*daily recommended



Breast MRI Quality Control

The small ACR phantom may
be utilized for breast MR
system QC. Phantom contains
objects that allow evaluation
of:
geometric accuracy
high contrast spatial resolution
slice thickness accuracy
slice position accuracy
Image intensity uniformity
ghosting
low contrast detectability, SNR

o o To Do Do Do D>




Breast MRI Quality Control

Small ACR phantoms
Bilateral mode

GE Excite HD, 1.5T8 channebreast array



Annual System Performance Evaluation
report

Must include: o
A MRI Equipment Evaluation
Summary form
A Include all data pages (entire report),
not just summary page
A Indicate corrective action taken
A Evaluation of the Technologist
QC program form.
(physicist must repeat Tech QC)




Breast RF Coil Quality Control




Breast RF Coll Quality Control

Establishbaseline coll performanae order to monitor coil
performance over time.
A Coll inspection
A Signatto-noise ratio (SNR)
A Signal uniformity
A Phased array coils: compare SNR for individual channe
A Artifact evaluation (including ghosting)
A Using QC protocol
A Using clinicalprotocol



Breast RF Coil Quality Control

Coll testing:
Almportant to test coills:
Aafter installation of new scanner or new coils

Aat least annually
Awhenever artifacts or coil problems occur

AManufacturers provide a coil manual for each coll
Aincludes description of clinical use of the coll
Amay include detailed description of colil test procedure
Amay include pass/fail limits

Amay only say nestabl i sh
t 1 meo



Breast RF Coil Quality Control

Consistent scan/measurement methods:

ldentical phantom and positioning within coll

A Homogeneous phantom (sphere, cylinder, custom)
A ACR or other phantom

ldentical scan parameters:

A Pulse sequence, timing parameters, slice thickness and positio
matrix, FOV, receive bandwidth, etc

A Record center frequency, transmit gain/attenuation, receiver
gains
ldentical measurement methods, ROI positions
A SNR, signal uniformity, ghosting, stability tests
A Evaluation of channel performance



Breast RF Coil Quality Control

Coll inspection

A Inspect coil, cables, cable insulation, ports and
connectors for damage

A Could present a safety issue or result in low SNR or
Image artifacts.

WWW.Invivocorp.com



Measuring coill SNR

A Method 1:

A SNR = mean signal within ROI divided by the noise (std ¢
of the same ROI or in background)

SNR= S/o
A This method can be used for surface coils:
Maximum signal ROl / noise std dev

Maximum

| Signal ROI

()
Noise ROI




Measuring coill SNR

A Method 2:

ASNR = 0.655 x mean Signal divided by the std deviation {
an ROl In air)

A 0.655 factor corrects for the background signal in magnitt
Images having Rician distribution,

rather than Gaussian
A Noise ROI should be placed to avoid
artifacts



