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MR Methods of Assessing Brain Function

Spectroscopy ( 1iH, 13C, 31p)

Perfusion and Flow Imaging

Sodium Imaging

BOLD fMRI

> Connectivity mapping

> HRF analysis of temporal information

> Cortical columns and layers

Diffusion Tensor Imaging (DTI)

Magnetic Source MRI (msMRI)

Multi-modal imaging: fMRI-MEG, fMRI-EEG/ERP




Challenges and Problems in MR Neuroimaging

« MR Data Acquisition and Image Quality
— Susceptibility voids and distortions
— Motion artifacts
— Parallel imaging
— RF and gradient coll design

* Electromagnetic Field Modeling
— B, for RF coll design

— SAR modeling and heating effects
— B, for susceptibility distortions and voids




Challenges and Problems in MR Neuroimaging
(continued)

e Other Engineering Challenges
— Stimulus presentation and response monitoring
— Acoustic noise
— Multimodal integration
— Data storage, transfer, and analysis infrastructure

* Physiology and Psychology Challenges

— Neuropsychology task design

— Physiological modeling of neuronal and vascular
systems and responses




Challenges and Problems in MR Neuroimaging
(continued)

 Image and Data Analysis Challenges
— Image segmentation and registration

— Time series analysis and statistics (spatial and
temporal autocorrelations, multiple comparisons)

— Multiple session comparisons
(subject/scanner/voxel position/task performance
differences)

— DTI tractography analysis




Magnetic Field
Distortions
Caused by

Susceptibility
Gradients

Vesicles in Cell

k.M. Brindle, F.F. Brown, LI). Campbell, C. Grathwohl, P.W. Kuchel
Biochem. J, 180, 37-44 (1979)




Artifact Reduction by
Susceptibility Matching

Iron Oxide Suspensions
(5-7), Water (8), and
Mixtures of Iron Oxide and
Barium Sulfate (1-4)
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Mouse Brain GESEPI at 14T
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Susceptibility-induced B Gradients in Human Head

C.M. Collins, B. Yang, Q.X. Yang, and M.B. Smith, Magn. Reson. Imaging 20: 413-424 (2002)




Finite Difference Time Domain Modeling
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Dash: Bl(z) (2 — OO)



Numbers on images
are Blvaluesin: T



Motion Effects



Subject Comfort and Head Restraint
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PACE-corrected Retro-corrected

Original Slice No correction



PACE-corrected Retro-corrected

Original Slice No correction



3 orthogonal ONAVs (11 msec each) start sequence, followed by gradient
adjustments (black). Total implementation time is about 160 msec per TR. More
accuracy can be obtained by using two successive ONAVs (320 msec).



ONAYV - Simultaneous 6 ° Through-Plane (Sagittal,
Nodding Motion) and 4 ©° In-Plane (Axial, Shaking Motion)



ONAV-corrected fMRI



(6.5 deg)

(4.5 deg)



(4 deg in axial plane)

Phase accumulated in each of 3 orthogonal dual
echo NAV measures ) Bgin RO direction. NAV
TR = 20 msec, so 3D shim NAV takes 60 msec.



Shim-compensated EP| Sequence



ONAYV Prospective Motion Correction & Dynamic Shimmi ng



Localized SCM Artifact Reduction



SCM Region :

Birn et al;: HBM 1999:5:106-114

Hemodyramic Response Region




Data Analysis



Red:. F(11,578)>9



..Estimation of IRF of SCM




... SCM Noise Reduction..



Red: F(11,578)>9



MRA



Event Related Hemodynamic
Response




Selective Detrending



Task-Correlated Motion
IRFs from 3 Slices



BOLD HRF Constraints
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3-4 HRFs suffice to characterize
BOLD signal changes, which have
less variance than SCM IRFs
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Selective
Detrending
Method
Flow Chart



True Positives False Positives
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Activation Maps
Thresholded at R 2> 0.2
(aphasia patient 1, post-therapy)
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Corpus Callosum Diffusion Tractogram at 3T






Hardware and Software for Stimulus
Presentation and Response Monitoring



Subject Response Devices



Compressed Computer
Air Source

Tactors

ORRES, D25

PC

Timing
Circuit




Filtering and Penetration Panel and Fiber Optics



Audio-Visual Design and Editing



Physiological Parameter Monitoring






8 Head Elements

18 elements to 16 channels 6 Chest Elements

4 Neck Elements



Filtering of Electrical Artifacts and Digital Signal Processing
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