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Alternating Left and Right Finger Tapping
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BOLD Contrast:
A Few Strategies for Better Interpretation

¢ Pulse sequence modulation
¢ Neuronal activation modulation
¢ Alternative measurement comparison
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R. L. Savoy, et al., Pushing the temporal resolution of fMRI: studies of very brief visual stimuli, onset

variability and asynchrony, and stimulus-correlated changes in noise [oral], 3'rd Proc. Soc. Magn.
Reson., Nice, p. 450. (1995).
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- ¢ Human Brain Mapping 5:329-340(1997) *
20 sec

Selective Averaging of Rapidly Presented

Individual Trials Using fMRI

Anders M. Dale® and Randy L. Buckner
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Dynamic Nonlinearity Assessment
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BOLD Correlation with Neuronal Activity

BOLD Signal: ePts
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The spatial extent of the BOLD response. ANeurolmage, (in press).
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Resistance change across
two electrodes induced
by changes in sweating.

Sweat Gland

J. C. Patterson Il, L. G. Ungerleider, and P. A Bandettini, Task - independent functional brain activity
correlation with skin conductance changes: an fMRI study. Neurolmage 17:1787 -1806, (2002).
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Sci. USA
8-148%3, December 1996

Detection of cortical activation during averaged single trials of a

cognitive task using functional magnetic resonance imaging
(neuroimaging /single trial /language /prefrontal)

RANDY L. BUCKNERTHY, PETER A. BANDETTINITE, KATHLEEN M. O’CRAVENT!, ROBERT L. SAvoyTl,

STEVEN E. PETERSEN**TT, MARCUS E. RAICHLES** 77, AND BRUCE R. ROSENTE

Time Course Comparison Across Brain Regions
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Optimal Detection of Hemodynamic Latency

Inter-Stimulus Interval

Stimulus Block Duration

10 20 30

Average Inter-Stimulus Interval (s) 10 20 30

Stimulus Block Duration (s)
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Hemodynamic Response Modulation

Bottleneck
In Processing
(upstream)

Delayed
Processing
(downstream)




Our first attempt to apply this strateqy..

P.S.F. Bellgowan, Z. S. Saad, P. A. Bandettini, Understanding neural
system dynamics through task modulation and measurement of BOLD
amplitude, latency, and width. Proc. Nat'l. Acad. Sci. USA (in press).



Use of Task Timing Modulation to Extract Processing Streams

Stimuli - Six-letter English words and pronounceable non-words.
Each word or non-word was rotated either 0, 60,0r 120 degrees

Task - Lexical Decision (word / non-word).

Dependent Measures - Percent Correct and Reaction Time.

Hypotheses :
1) Stimulus rotation of 120 degrees will result in:
a) Longer Reaction Times
b) Stimulus rotation demands a change in perceptual
perspective prior to linguistic processing, resulting in a
delayed IRF onset in areas involved in Lexical and Pre-Lexical
processing.

2) Lexical discrimination will result in :
a) Longer Reaction Times for non-words due to
increased Pre-Lexical processing demands.
b) Wider IRF in Inferior Frontal cortex for non-words
c) Delayed IRF onset in Left Middle Frontal Cortex
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Warm colors are areas where Words > Non-words. Cool colors (blues) are areas
Where Non-words > words. The Left hemisphere is toward the left margin.
The green arrows highlight the inferior frontal gyrus.
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Current Phantom Experiment
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Optimization of Phase Detection

1. Increase 1image S/N
2. Reduce Temporal Phase Noise

3. Selectively tune sequence to frequency
of NMR phase change
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"B#SHWI&' () ) (#+,'(-.) %+, #($)&()0&S,

S#$2"/

I"#$%
* 10cm diameter CSF-filled glass container

* 3T GE scanner (Milwaukee, WI)
e 10” surface coil (Nova Medical Inc)

&'()*+)
*.,FSE structural images (256x256)
« SE EPI single shot, TE: 60ms, TR:1s, flip angle: 90F,

FOV: 18cm, 64x64, 4 slices (3mm). Images: 1200 (20 min)

10 min activity
: 10 min after TTX administration
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v
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FSE 1mage

Active state: black line, Inactive state: red line

A activity, on-off frequency (appx. 7 sec)
B: activity
C: scanner noise (cooling-pump)



Preliminary Human Studies
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Hemodynamics Neuronal Currents

-quick overview -model
-linearity (steady state) -approaches

current phantom
-linearity (dynamic) cell cultures

human studlies
-baseline signal
-why there is hope
-latency

-width



DIRECTION OF PROPAGATION
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(a) (b)

Postsynaptic Action
potential potential

PGP
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Technology < Methodology

Interpretation <> Applications



achnology Methodology

Engineers
Statisticians
Physicis
Mathematicians
Neuroscientists
Physiologists Clinicians

Interpretation Applications



Diff. tensor Mg* 7T >8 channels

Technology LST3T AT cpion clin. Syst.

EPI| Real time fMRI
Nav. pulses

Local Human Head Gradient Coils Quant. ASL

Venography
SENSE

_ _ Z-shim Baseline Susceptibility
ASL  Spiral EPI Dynamic IV volume

BOLD Multi -shot fMRI Simultaneous ASL and BOLD Current Imaging?

Correlation Analysis _ _ CO, Calibration
Methodology Motion Correction Mixed ER and Blocked
Parametric Design Multi -Modal Mapping

Baseline Volume surface Mapplng ICA Free-behavior Designs
Phase Mapping
Mental Chronometry

IR e Multi -variate Mapping

IVIM ; :
Event -related Deconvolution Fuzzy Clustering

. BOLD models PET correlation
Interpretation B dep,  VVSEV ASL vs. BOLD

Pre-undershoot PSF of BOLD | . . .
TEdep  Resolution Dep. L) el e

Extended Stim.
Blood T2 Post-undershoot Metab. Correlation

SE vs. GE CO, effect Linearity _ _
Hemoglobin NIRS Correlation Fluctuations Optical Im. Correlation
Veins Inflow Balloon Model Electrophys. correlation

Complex motor

Applications Language  Imagery ~ Memory Emotion

Motor learning  Childrén  tymor vasc.  Drug effects

BOLD -V1, M1, Al Presurgical Attention Ocular Dominance

Volume - Stroke V1, V2..mapping Priming/Learning Clinical Populations

I Volume -V1 o o Performan rediction
Plasticity Face recognition erformance predictio
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