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Alternating Left and Right Finger Tapping
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Single Shot EPI

T2* decay
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MRI Signal
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temporal resolution in '"Functional
MRI" (C. Moonen, and P. Bandettini.,
Eds.), p. 205-220, Springer - Verlag,.
1999.



First Event-related fMRI Results

Difference Signal
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Blamire, A. M., et al. (1992). “Dynamic mapping of the human visual cortex by high-speed
magnetic resonance imaging.” Proc. Natl. Acad. Sci. USA 89: 11069-11073.
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The major obstacle in BOLD
contrast temporal resolution: =
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Venogram
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P. A. Bandettini, The temporal resolution of Functional MRI /» "Functional MRI" (C.
Moonen, and P. Bandettini., Eds.), p. 205-220, Springer - Verlag,. 1999.



A tangent into
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3D Venous PC MR Venogram




Hemi-Field Experiment
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Cognitive Neuroscience Application:

Understanding neural system dynamics through task
modulation and measurement of functional MRI

amplitude, latency, and width PNAS

P.S. F. Bellgowan*’, Z. S. Saad®, and P. A. Bandettini*

*Laboratory of Brain and Cognition and *Sclentific and Statistical Computing Core, Natlonal Institute of Mental Health, Bethesda, MD 20892

Communicated by Leslie G. Ungerlelder, National Institutes of Health, Bethesda, MD, December 19, 2002 (recelved for review October 31, 2002)

Lexical Delay Mean
Words Non-Words Reaction Time

-
g 0°| smudge dierts 823 ms
E oo o0
S 60° & & 891 ms
o & S
I .

% %
o d % < 1446 ms
2 120 o, %

$ Q@
Mean
Reaction Time 986 ms 1219 ms




=

1 ¥
’\WM

Inferior Frontal Gyrus

>

N

Precentral Gyrus

>

=t

——1
—
b

T

!

N

Middle Temporal Gyrus




Amp.

Estimation of Delay, Width & Amplitude

o)

z 1
o —> | Conv. |«<—
o
0— 0
5 10 15 0
time (s) v

L

Adjust &, o, a to improve
fit (Nelder-Mead simplex method)

10 15

20

0) 5 10 15



Magnitude

Width

Lexical effect

Nonwords > Words

Rotational effect

Time
Difference
In msec

120 deg > O deg



An approach to probe some neural systems
interaction by functional MRI at neural
time scale down to milliseconds

Seiji Ogawa'*, Tso-Ming Lee', Ray Stepnoski!, Wei Chen$, Xiao-Hong Zhu$, and Kamil Ugurbil®
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Single Shot Imaging

T2* decay
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Partial k-space imaging

T2* decay
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Partial k-space imaging

Fractional Signal Change
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Jesmanowicz, P. A. Bandettini, J. S. Hyde, (1998) “Single shot half k-space high resolution EPI for
fMRI at 3T.” Magn. Reson. Med. 40, 754-762.



Multishot Imaging
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Multi Shot EPI

Excitations 1 2 4 8
Matrix Size 64 x 64 128 x 128 256 x 128 256




SENSE Imaging

Image domain
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Perfusion
BOLD Rest Activation

P. A. Bandettini, E. C. Wong, Magnetic resonance imaging of human brain function: principles,
practicalities, and possibilities, in "Neurosurgery Clinics of North America: Functional Imaging" (M.
Haglund, Ed.), p.345-371, W. B. Saunders Co., 1997.



Anatomy
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P. A. Bandettini, E. C. Wong, Magnetic resonance imaging of human brain function: principles,
practicalities, and possibilities, in "Neurosurgery Clinics of North America: Functional Imaging" (M.
Haglund, Ed.), p.345-371, W. B. Saunders Co., 1997.
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Menon, et al

ODC Maps using

* Identical in size,
orientation, and
appearance to those

obtained by optical '"Malonek D, Grinvald A. Science 272, 551-4 (1996).
imaging' and 3Horton JC, Hocking DR. J Neurosci 16, 7228-39 (1996).
histology3,4_ “Horton JC, et al. Arch Ophthalmol 108, 1025-31 (1990).
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The spatial extent of the BOLD response

Ziad S. Saad,*™* Kristina M. Ropella,” Edgar A. DeYoe,® and Peter A. Bandettini®

Neurolmage

Question: What is the “true” spatial extent of BOLD contrast?
Paradigm: Repeated averaging of simple visual task
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Temporal S/N vs. Image S/N
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Single shot full k-space echo-planar-imaging with an eight-channel phase array coil at 3T.

Jerzy Bodurkal, Peter van Gelderer?, Patrick Ledden3, Peter Bandettini®, Jeff Duyn?
IFunctional MRI Facility NINMH/NIH, 2Advance IWMRI NINDS/NIH, *Nova Medical Inc.

Quadrature Head Coil 8 Channel Array

128 x 96

128 x 96




Latest Developments...

1.Temporal Resolution
2.Spatial Resolution
3.Sensitivity and Noise
4.Information Content
5.Implementation



Number of Neurons

A Neuronal Activity

Local Field Potential

Spiking Coherence
Spiking Rate

A Metab()llsm \ Aerobic Metabolism

Anaerobic Metabolism

Blood

. Deoxygenated
A Hemodynamics = "o Blood
&Flow Velocity Oxygenated
Blood
Perfusion >
A BOLD Contrast
A Perfusion Contrast MRI Pulse | _— JAY DGOXy—Hb
Sequence

A Inflow Contrast



Logothetis et al. (2001) “Neurophysiological
investigation of the basis of the {MRI
signal” Nature, 412, 150-157
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S. M. Rao et al, (1996) “Relationship between finger
movement rate and functional magnetic resonance
signal change in human primary motor cortex.” J.
Cereb. Blood Flow and Met. 16, 1250-1254.
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Spatial Heterogeneity of the Nonlinear Dynamics
in the FMRI BOLD Response

Neurolmage

Rasmus M. Birn, Ziad S. Saad, and Peter A. Bandettini
Laboratory of Brain and Cognition, National Institute of Mental Health, NIH Bethesda, Maryland

Received QOctober 18, 2000

Question: Do BOLD nonlinearities exhibit spatial heterogeneity?
Paradigm: Stimulus duration modulation from 50 ms to 20 sec.
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Results — visual task

Nonlinearity
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Sources of this Nonlinearity

e Neuronal h\‘

¢ Hemodynamic
Oxygen E;(\rtraction/‘i

- Oxygen extraction .o - o
- Blood volume N

dynamics



BOLD Correlation with Neuronal Activity

BOLD Signal: ePts

Logothetis et al. (2001)
“Neurophysiological investigation
of the basis of the fMRI signal”
Nature, 412, 150-157.
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P. A. Bandettini and L. G.
Ungerleider, (2001) “From neuron

to BOLD: new connections.”
Nature Neuroscience, 4: 864-866.
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CBF (% increase)

atl. Acad. Sai. USA
03-9408, August 1999

Linear coupling between cerebral blood flow and oxygen
consumption in activated human cortex

RicHARD D. HoGE*?, JEFF ATKINSON*, BRAD GILL®*, GERARD R. CRELIER*, SEAN MARRETT#, AND G. BRUCE PIKE®
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Simultaneous Perfusion and BOLD imaging during
graded visual activation and hypercapnia N=12
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NMR IN BIOMEDICINE
NMR Biomed. 2001:14:441-447

DOIL:10.1002/mbm.717

Quantitative measurements of cerebral metabolic rate of
oxygen utilization using MRI: a volunteer study

Hongyu An,’ Weili Lin,?* Azim Celik® and Yueh Z. Lee?
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Neuronal Activation Input Strategies

1. Block Design

2. Parametric Design W fdﬂﬂ

3. Frequency Encoding Wmm
4. Phase Encoding MMW%
il

5. Event Related Hm““”' H

6. Orthogonal Design JMHM[L
7. Free Behavior Design




tMRI during tasks that involve brief

| motion
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R. M. Birn, P. A. Bandettini, R. W. Cox, R. Shaker, Event - related fMRI of tasks
involving brief motion. Human Brain Mapping 7: 106-114 (1999).



Overt Word Production
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R. M. Birn, P. A. Bandettini, R. W. Cox, R. Shaker, Event - related fMRI of tasks
involving brief motion. Human Brain Mapping 7: 106-114 (1999).



Speaking - Blocked Trial
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R. M. Birn, P. A. Bandettini, R. W. Cox, R. Shaker, Event - related fMRI of tasks
involving brief motion. Human Brain Mapping 7: 106-114 (1999).



Speaking - ER-fMRI
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R. M. Birn, P. A. Bandettini, R. W. Cox, R. Shaker, Event - related fMRI of tasks
involving brief motion. Human Brain Mapping 7: 106-114 (1999).




- ¢ Human Brain Mapping 5:329-340(1997) *
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Selective Averaging of Rapidly Presented

Individual Trials Using fMRI

Anders M. Dale® and Randy L. Buckner
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R. M. Birn, R. W. Cox, P. A. Bandettini,
Detection versus estimation in Event-
Related fMRI: choosing the optimal
stimulus timing. Neurolmage 15: 262-264,
(2002).
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Neuronal Activation Input Strategies

1. Block Design

2. Parametric Design W fdﬂﬂ

3. Frequency Encoding Wmm
4. Phase Encoding MMW%
il

5. Event Related Hm““”' H

6. Orthogonal Design JMHM[L
7. Free Behavior Design




Free Behavior Design

Use a continuous measure as a
reference function:

eTask performance

¢ Skin Conductance
eHeart, respiration rate..
eEye position

oEEG



The Skin Conductance Response (SCR)

' Orbitofrontal Cortex
. Amygdala

Hypothalamus

Sympathetic Nervous System

Resistance change across
Sty Cldrd two elec‘rr'oc.ies mducfed
by changes in sweating.




Brain activity correlated with SCR during “Rest”

3

J. C. Patterson |l, L. G. Ungerleider, and P. A Bandettini, Task - independent functional brain activity
correlation with skin conductance changes: an fMRI study. NMeuro/mage (in press)



BRAIN IMAGING NEUROREPORT

Simultaneous EEG and fMRI of the alpha rhythm

Robin I. Goldman,>“* John M. Stern,' Jerome Engel Jr' and Mark S. Cohen

Ahmanson-Lovelace Brain Mapping Center, UCLA, 660 Charles Young Drive South, Los Angeles, CA 90095; 'Department of Neurology,
UCLA School of Medicine, Los Angeles, CA; *Hatch Center for MR Research, Columbia University, HSD, 710 W. 168th St., NIB-1,
Mailbox 48, NY, NY 10032, USA

CAJCorresponding Author and Address: rg2l46@columbia.edu

Received 28 October 2002; accepted 30 October 2002
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3D z-Shim Method for Reduction of Susceptibility
Effects in BOLD fMRI
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¢ Shimming

e Acoustic Noise

e Multishot Techniques
e|ncreased Gradient Performance
eHigher Field Strengths

eSurface Coil Arrays

eCalibration / Quantification
esEmbedded Functional Contrast
eNoise / Fluctuations

eDirect Neuronal Current Imaging
¢Clinical Populations
eNeuronal,Vascular, and Metabolic Informatic
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