Marquette University

A CAIPI Approach to Increase Activation Detection
for SMS Technique in FMRI

Ke Xu
Department of Mathematical and Statistical Sciences
Marquette University

August 7, 2024

JSM 2024 Portland



Marquette University

1. Introduction

» What is fMRI?
* Functional Magnetic Resonance Imaging
* Non-invasive and safe tool

 Rely on Blood Oxygen Level Dependence (BOLD) contrast signal
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1. Introduction

» What is the problem?
e Reduce scan time

* High-quality and high-resolution —

..... R ‘ Through-Plane Acceleration:

SMS: Simultaneous Multi-Slice

In-Plane Acceleration:

. SNESE: SENSitivity Encoding
A= GRAPPA: Generalized

Autocalibrating Partially Parallel

Acquisitions
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2. mSPECS-IPA-CAIPI > What is IPA?

* Parallel imaging reconstruction technique: reduce the total scan time
* Fixed time block: proper time to T, imaging encoding time

Original Image " In-Plane Acceleration
>
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2. mSPECS-IPA-CAIPI
What is CAIPI? Achieved by a unique RF excitation

with varying pulse phase in the
MRI scanner.

CAIPIRINHA: Shift images along PE direction

CAIPIVAT: Shift images along PE and RO direction
Original image k-space z Image with CAIPIRINHA

Data with phase modulation of 1 @ Data without phase modulation
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2. mSPECS-IPA-CAIPI

Acquired Image Aliased Image Slice 1 Slice 2 Slice 3 Slice 4
mSPECS-IPA
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2. mSPECS-

iasing

> Net Hadamard Al
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3. Simulation Study

True Magnitude

mMSPECS-IPA-CAIPIRINHA MSPECS-IPA-CAIPIVAT
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MSPECS-IPA

Through-plane Acceleration factor = 4, In-plane Acceleration factor = 2

Net Hadamard Aliasing =4 X 4
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3. Simulation Study

MSPECS-IPA SNR

IIH
ROl ave SNRT2%.
ROI std SNR: 8.64

SNR =22 andcNp = 22
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MSPECS-IPA
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Through-plane Acceleration factor = 4, In-plane Acceleration factor = 2

Net Hadamard Aliasing = 4

MSPECS-IPA-CAIPIRINHA SNR
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ROI ave z—score:r@-.92'
ROI std z-score: 1.20

MSPECS-IPA-CAIPIVAT SNR
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ROl ave SNR™%
ROI std SNR: 4.94
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. Through-plane Acceleration factor = 4, In-plane Acceleration factor = 2
4. Experlmental StUdy Net Hadamard Aliasing = 4 X 4

Reference Magnitude mSPECS-IPA MSPECS-IPA

MSPECS-IPA-CAIPIRINHA MSPECS-IPA-CAIPIVAT mSPECS-@Eﬁi@mHA
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4. Experimental Study

MSPECS-IPA SNR

ROl ave SNR: 26.98
ROI std SNR: 7.72

mSPECS-IPA
Activation Detection

ROl ave z-score: 1.73
ROI std z-score: 1.83

SNR =22 andcNp = 22
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Through-plane Acceleration factor = 4, In-plane Acceleration factor = 2
Net Hadamard Aliasing =4 X 4

MSPECS-IPA-CAIPIRINHA SNR

ROl ave SNR: 22.18
ROI std SNR: 6.81

mSPECS-IPA-CAIPIRINHA
Activation Detection

ROI ave z-score: 1.36
ROI std z-score: 1.52

MmSPECS-IPA-CAIPIVAT SNR

ROl ave SNR: 31.76
ROI std SNR: 9.87

mSPECS-IPA-CAIPIVAT
Activation Detection

ROl ave z-score: 2.10

ROI std z-score: 1.98
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