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Post-contrast T,-weighted

Breast DWI & ADC

ADC reflects cell density ADC reflects malignancy

High cell density  Low cell density -
— qu ADC |nd|.cates
’ 554 high cellularity &
— malignancy
~
<0.0001 . . . .
. E 2.0 ' Clinical applications of DWI for breast cancer
N 18 ° . o
‘4—» Displacement . . ‘é * Treatment monitoring: Increasing ADC values
o R . . )
= 157 o indicate treatment response earlier than
O
2 b conventional measurements
1.0 1 o . . . e
4 * Diagnosis and staging: Increase specificity and

reduce unnecessary biopsies??
Benign Malignant

* Screening: detection without contrast
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Prone vs Supine Breast Imaging

* Breast MRI is typically acquired prone because of
respiratory motion

e However...

* Supine imaging has better correlation to
surgery and other imaging modalities

* Prone imaging is uncomfortable and
awkward

* Prone coils reduce the effective bore size

* Most supine MRI requires breath holds for high
quality images
e Therefore — we need really really fast imaging!
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Challenges

Phase accrual = geometric shift in PE direction:
|

off resonance (Hz)

. Major sources:
AyPE - FOVPE 1. Fat (chemical shift)

2. Byinhomogeneity

—1 | effective BW in PE direction ’

To reduce FOVpg, we need parallel

Chemical Geometric imaging and/or multishot. Therefore,
Shift Distortion we need reliable sensitivity maps and g-
factors

EPI is prone to Distortion

Especially in breast where AB can be large.




Challenges

b=0s/mm?, 1 NEX b =800 s/mm?, 4 NEX

MUSE, 2-shot, Air coil with R =5, Breath hold: 24 second
30 slices, 1.1 mm x 1.4 mm x5 mm

DWI 1s SNR starved!

Especially at high b-values
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Scan time
A

Voxel size Magnetization
A Al

A\ s A

SNR \/NaveNPETrea
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Scan time Voxel size Magnetization

A A
A r A A

N

SNR & \/NaveNPETread * 6x5y52 * M(p, Tl: Tz» BO» )

/

Npg * R
with acceleration

Diffusion:
S(b) — Soe—b*ADC

|
50% 100%
Scan Time 12



Current b-value: b, = 600 s/mm?
Desired b-value: by; = 800 s/mm?
Assume a lesion: ADC ~ 1.0 x 1073

Same SNR
SpA/Np = Sc/N¢

—800%0.001 _ ~600%0.001
Spe JNp = Sye VN

\/N_D = 1.22
/N

N
L2 _15
N¢

Need 1.5x Averages

Same averaging

Sp = Soe800+0.001
S = S,e~600%0.001

Lose 20% SNR

For ADC = 1.0 X 10~3 mm?/,

Equivalent SNR

500 1000 1500 2000
b-value [s/mm 2]

b _ (eb*ADC)Z
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The standard breast coil

Problems:

Only prone imaging

An option for supine
Imaging

Problems:

 Low channel count in breast
region

* Axilla coverage?

Motivation for a new coill

60-channel breast coil

Axilla 53
coverage §

* Follows body contour,
especially for larger breast size,
for close proximity to breast

* High channel count ;



60-Channel Supine Breast Coll

Maghds

Features: v l

* 60 elements (30 per half), 7-cm loops | BH S Soe

e Heavily overlapped D508 5 0% BT ket

« Coverage of chest wall and axilla W mew wm

e Contoured design, up to 40DD u - () L X

 Can accelerate up to 6x o o P

* Positioning: Supine or Prone x Jana Vincent Fraser Robb
(with support) T O jili|

* Separable halves l l

Front Back
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Preliminary < Compare 60-channel breast prototype

Results coil with 30-channel air coil




Comprehensive Quantification of Signal-to-Noise Ratio and g-

M eth O d S a°‘°’ foR Imiage-Bassiiiand K=Sjace:Bassd PArallsLimaging

Pseudo
- N=10(
- Used E
(BART

The geometry factor describes the ability with the used coil
configuration to separate pixels superimposed by aliasing.
In practice it allows a priori SNR estimates and provides an
important criterion for the design of dedicated coil arrays.

Acknowledgement:
Jeremiah Hess

Under-sampled

S

Fully-sampled



Air Coil

60-channel coil

g-factor

Recon

g-factor

Recon

R=2

Mean: 1.0438

Mean: 1.0079

R=3

Mean: 1.1615

Mean: 1.0288

R=4

Mean: 1.5045

Mean: 1.1691

R=6

Mean: 2.734

Mean: 2.0353

g-factor
5

4

3
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Air Coil

60-channel coil

Mean: 2.734

Mean: 2.0353

g-factor
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Air Coil

60-channel coil

g-factor

Recon

g-factor

Recon

R =2x2

Mean: 1.0646

Mean: 1.0126

R =3x3

Mean: 1.4797

Mean: 1.1337

R =4x4

Mean: 2.5097

Mean: 1.5797

R = 6x6

Mean: 2.4884

g-factor
5

4

3
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SNR maps

Air coil
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R=2 R=3 R=4 R=6

Mean: 1.0163 Mean: 1.1316

Mean: 1.2986 Mean: 2.2765

Air Coil
g-factor

3

Mean: 1.0187 Mean: 1.0478 Mean: 1.3561

Mean: 1.0062

60-channel coil .

g-factor

Recon
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Air Coil

60-channel coil

g-factor

Recon

g-factor

Recon

R =2x2 R =3x3 R =4x4

Mean: 1.0177 Mean: 1.1568 Mean: 1.461

Mean: 1.0068 Mean: 1.0212 Mean: 1.062

R = 6x6

Mean: 3.7808

Mean: 1.5639

g-factor
3
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DISCO Pre-Contrast

1.2mm x 1.2 mm x 1 mm, Acceleration: 4 x 3, 17 sec breath hold

Air coil

Aliasing
artifact

Goal: High spatial and temporal resolution to characterize the
contrast uptake of the tumor.

60-channel breast coil

High SNR Spatially varying

noise

26



Single Shot DWI

Air coil 60-channel breast coil




Discussion

* Challenges:

* Difficult to compare SNR and g-factor maps with the standard breast coil
(prone)
* Would like to compare with InkSpace 24-channel pediatric coil
* Not included here because i1t can only be used at 3T3
* How to compare coils not scanners?

* ESPIRIT — very sensitive to threshold in phantom case
* Size of the data!!



Future Work

e Assess in the context of DWI

* Breath hold or respiratory gated
* High PI/ Ny, to reduce distortion

* Push PI of DISCO protocol and explore spatial/temporal resolution
tradeoft for characterizing breast cancer

* Possibly assess the coil in prone position
* Compare the coils 1n patients



Thank you!

RADIOLOGICAL
SCIENCES
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