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Presentation 4 — Richard Briggs

Neuroimaging Innovations to Detect
Subtle Alterations in Brain Function

Richard W. Briggs, Ph.D.

Department of Radiology, Division of Neuroradiology
Neuroimaging Laboratory
Gulf War lliness and Chemical Agent Exposure Program
University of Texas Southwestern Medical Center
Dallas, Texas

Richard.Briggs@UTSouthwestern.edu

Imaging Methods of Assessing
Brain Structure and Function

TH Spectroscopy

Perfusion and CBF Imaging (ASL)

BOLD fMRI

> Connectivity mapping

> HRF analysis of temporal information
Diffusion Tensor Imaging (DTI)

EEG (high-density, source localization)
NIRS (optical imaging of oxy-, deoxy-Hb)
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State-of-the-Art MRS Methods

Measurement of in vivo relaxation times T, and T,
for quantifying absolute metabolite concentrations

Implementing 2D and 3D CSI for efficient multi-
voxel data collection — can be used for metabolite
mapping and ROI-based spectral analysis

Developing EPSI and parallel array acquisition for
rapid accelerated CSI data acquisition

Very high-field (7T) MRS for improved SNR and
spectral and spatial resolution

Use of multinuclear MR spectroscopy (31P, 13C) to
investigate pH, high-energy phosphate status, and
detailed metabolic pathways

Water-Suppressed In Vivo Human Brain
'H Spectrum at 7T

Terpstra, Ugurbil, and Gruetter, Magn. Reson. Med. 47: 1009-1012 (2002)
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[llustration of MRI Arterial Spin Labeling (ASL) Experiment

light blue line - center of labeling band

yellow lines — centers of slices in imaging section

green bar - distance (80 mm) between labeling band center
and imaging section center

ASL techniques

EPISTAR

e
A

Inversion over feeding artery Proximal slab inversion
by adiabatic fast passage Presaturation of image slice

Control

Distal inversion Distal slab inversion Non-slice-selective inversion
by adiabatic fast passage Presaturation of image slice
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Brain Perfusion (CBF) Map Obtained by MR ASL Technique

(thalamus enclosed by blue anatomic masks)

(Courtesy of Xiufeng Li)

Regional Reproducibility of CBF by ASL

The reproducibility of CBF as C.V.

WM Whole Bram Thalanms
Regions of ROI

(Courtesy of Xiufeng Li)
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Mean CBF for Whole Brain (cyan), GM (blue), and WM (magenta)
as a Function of Number of Measurements
(Error Bars Show +0)

Mean CBF az a Function of No. of Meazurements
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(Courtesy of Xiufeng Li)

Mean CBF in the Thalamus as a Function of Number of Measurements
(Error Bars Show +0)

Mean CBF as a Function of No. of Measurements

CEF (ml1

No. of Measure me nts

(Courtesy of Xiufeng Li)
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Reproducibility of Thalamus CBF
as a Function of Number of Measurements

80 100 120 140 160 180

Number of Measurements
(Courtesy of Xiufeng Li)
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fMRI Serial Reaction Time Test (SRTT)

L L

Asterisk appears in one of boxes every second

Asterisks appear pseudo-randomly (Random) or in a
repeating 10-position sequence (Learn)

Subjects press one of 4 buttons ASAP, corresponding
to position of asterisk in 4 target boxes

(Courtesy of Dr. Greg Allen)
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Basal Ganglia, Thalamus, and Cerebellum Activation During Sequence Learning

Caudate

5
o=
e
i 4

Putamen

N

Thalamus
E— \

High-Resolution fMRI Showing Activation in Parahippocampus and Sub-regions of

the Hippocampus

material-specific memory
encoding and retrieval

2.0x1.5x1.5 mm3voxels
p <0.001

hi-res T1W anatomic
underlays

In other regions the
activations are confined to
cortical gray matter.

Lower right panel - HDR
from a single active left
hippocampus voxel.

(Courtesy of Dr. Wendy Ringe
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Removing Task-Correlated Motion Noise

* Our method reduces stimulus-correlated motion (SCM)( noise
in event-related word generation paradigms.

* We use the idea that the system’s impulse response to SCM
is temporally resolved from task related hemodynamic

response. ( Birn et al; HBM 1999;5:106-114)

I lCINOd_\'nSPOI]SC Region

[ Region

REV e 12
(Courtesy of Dr. Kaundinya Gopinath)

Results

Before Detrending After Detrending

(Courtesy of Dr. Kaundinya Gopinath)
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(Courtesy of Dr. Kaundinya Gopinath)

Event Related Hemodynamic Response

Before Detrending After Detrending

Signal (arb units)

Signal (arb units)

5 10 16 20

29

10 20

R Time (sec)
Time (sec)

The estimated hemodynamic response due to cortical
activation is not significantly affected by the detrending
of the FMRI time-series vector.

(Courtesy of Dr. Kaundinya Gopinath)
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Image Number

Image Number
Cato et al., J. Cogn. Neurosci., 16(2), 167-177 (2004)

Right Hippocampus Functional Connectivity

Control Subjects (N = 8)

Alzheimer Patients (N = 8)
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G. Allen, H. Barnard, R. McColl, A.M. Lipton, E. McDonald, C.D. Rubin, C.M. Cullum (2003).

Reduced hippocampal functional connectivity in Alzheimer's disease. Arch. Clin. Neuropsych., 18, 690.
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Connectivity Maps of Brain Regions (in Normal Controls)
Implicated in Preliminary Studies of Gulf War lliness

Cerebellum
(-19, -50,-27)

Ay - > ! vl V87 A

Left Dentate Nucleus Right Dentate Nucleus
of Cerebellum of Cerebellum

(Courtesy of Dr. Greg Allen)

White Matter Tractogram of the Uncinate Fasciculus
Superimposed upon FA Images

Clockwise from lower left: =4

the first three images . N
show the uncinate 4 % 1_; g 1.7
fasciculus seed point i !
used to propagate finer v 3
tracts shown in the lower

right panel.

voxel size = 2x2x2 mm?

10 b=0 images

30 gradient directions.

(Courtesy of Dr. Roddy McColl)
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Diffusion Tensor Imaging (DTI) of Brain Stem

White matter fiber tracts in
mid-sagittal DTI (A) and
postmortem histology (B).
Tracts from DTl shown from
different angles (C, D).

green: inferior cerebell:
peduncle (ICP)
yellow: middle cerebellar
peduncle (MCP)

pink: superior cerebellar

peduncle (SCP) Steiltjes, Kaufmann, van Zijl, Fredericksen, Pearlson,

Solaiyappan, and Mori, Neurolmage 14:723-735 (2001)

High-Resolution DTI of Brainstem

From cubic voxel DTI
protocol in whole brain:

Upper Left:
mean diffusivity

Upper Right:
fractional anisotropy (FA)

Lower Left:
color-coded principal
eigenvector directions

Lower Right:
corticospinal tractogram

(Courtesy of Dr. Roddy McColl)
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Effect of Voxel Size on Brainstem DTI
Color-Coded Fractional Anisotropy (FA) Images

Cerebellar-Pontine Levels:

MCP

2.0x2.0x2.0 mm3 3.7x1.2x1.2 mm3 3.7x1.2x 1.2 mm3

MCP = middle cerebellar peduncle; SCP = superior cerebellar peduncle

(Courtesy of Dr. Roddy McColl)

Peripheral Cardiac Gating to Acquire DTI Data in Diastole
to Minimize Cardiac-Induced Pulsation Artifacts
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Histograms of DTI fractional anisotropy (FA) variation (left) and principal
eigenvector (Evec) direction level of agreement (right) with/without cardiac gating.

(Courtesy of Dr. Roddy McColl)
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64-channel Compumedics-Neuroscan MR-Compatible MagLink EEG Cap

EEG Source Imaging

64-channel electrode cap
visual flashing checkerboard

blue buttons - electrode positions
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Near Infrared Spectroscopy (NIRS) Optical Imaging

l Light Detection
Light \ :

Emission

absorption factor 1/(cm mM)
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750 800
Wavelength (nm)

(Courtesy of Dr. Hanli Liu, UTA BME)
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(Courtesy of Dr. Kaundinya Gopinath)
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Parallel fMRI-NIRS Breath-hold Experiment
Local average BOLD response for NIR ROI
7
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! <«—— BOLD fMRI HDR - mixture of CBF, CBV, oxygenation
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‘ (Courtesy of Dr. Kaundinya Gopinath)
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NMI similarity measure over
internal brain structures after
translation registration (gray),
after affine registration (black),
and after non-rigid registration

Non-rigid Functional to Anatomic Image Registration

EPI, pre-reg'n anatomic EPI, post-reg’n

PY ORI ¥ S
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E 3

(a) (b) (c)
(Courtesy of Ali Gholipour and Nasser Kehtarnavaz, UTD EE)
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Superiority of Non-rigid Functional to Anatomic Image Registration

Maximum inspected error
(voxels) after affine registration
using SPM2 (black) and after
non-rigid registration (white)

(Courtesy of Ali Gholipour and Nasser Kehtarnavaz, UTD EE)




Appendix A RAC-GWVI Meeting Minutes
Presentation 4 — Briggs November 6-7, 2006
Page 119 of 239

SSPRL - UTAL Group
at
UT-Southwestern
GulfWar 3T Lab for
Data Acquisition

Moving microphone (Mic 1.)

Fixed microphone
also used as speech recorder
(Mic. 2)

Now we can record up to
8 microphones

Recorded 3T-fMR| Acoustic Noise

EPI sequence with 30 slices per 2 sec.

MRI machine without extra
passive
sound-absorbing foam

Frm 2 )

MRI| machine with
extra passive
sound absorbing foam

(Courtesy of Or. Issa Panahi, Al Milani, Govind Kannan, Rama Venkat— UTD EE)
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nLMS Algorithm with 512 Taps Adaptive Filter Wi{n)

Average Noise Reduction for Method 1 & 2 Over Entire Frequency
Range

SNR {dB)
45
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{Courtesy of Dr. Issa Panahi, Al Milani, Govind Kannan, Rama Venkat— UTD EE)
Relative Computational Complexity Measured By MATLAB
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(Courtesy of Dr. 1s5a Panahi, Al Milani, Govind Kannan, Ramavenkat —UTD EE)
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Results for the different number of sub-bands

Initial SNR=-10 dB
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{Courtesy of Dr. Issa Panahi, Ali Milani, Govind Kannan, Rama Venkat — UTD EE)
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High-Resolution 9.4T T,-Weighted Image of a
Mouse Head Ex Vivo at ~ 50 um Resolution

00000

(Courtesy of Drs. Roddy McColl and Vikram Kodibagkar)

Mouse Brain GESEPI at 14T
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Q.X. Yang, M.B. Smith, R.W. Briggs, and R.E. Rycyna, J. Magn. Reson., 141, 1-6 (1999)






