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Focus of most of this talk is fMRI

...but the key to neuroimaging advances is in
the integration of multiple techniques

-electrical, hemodynamic, metabolic changes
with activation
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Blood Volume Imaging

Susceptibility Contrast agent bolus injection and
time series collection of T2* or T2 - weighted

imanaoac

Resting Active

—
-
g
oy
2 3
=
=
-
-]
[
B
Ll
=
=
& g

julv) an
Seconds



Blood Oxygenation Imaging

Normalized Signal
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‘K. K. Kwong, et al, (1992) “Dynamic magnetic resonance imaging of
human brain activity during primary sensory stimulation.” Proc. Natl.
Acad. Sci. USA. 89, 5675-5679.

*S. Ogawa, et al., (1992) “Intrinsic signal changes accompanying sensory
stimulation: functional brain mapping with magnetic resonance imaging.
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Blood Perfusion Imaging
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Simultaneous BOLD and Perfusion

BOLD

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

RicHARD D. HOGE*Y, | ATKINSON®, BRAD GI11 JERARD R. CRELIER*, SEAN MARRETTY, AND G. BRUCE PIKE®

Canada H3A 2B4; and *Nuclear Magnetic Resonance Center,
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Simultaneous Perfusion and BOLD imaging during
graded visual activation and hypercapnia
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Functional Magnetic Resonance Imaging Based on
Changes in Vascular Space Occupancy

Hanzhang Lu,' Xavier Golay,"® James J. Pekar,’® and Peter C.M. van Zijl"*"

MAGNET RESON MED 50 (2): 263-274 AUG 2003
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Neuronal Current Imaging

*Neuronal activity is directly associated with ionic
currents.

*These bio-currents induce spatially distributed and
transient magnetic flux density changes and magnetic

field gradients.

In the context of MR, these currents therefore alter
the magnetic phase of surrounding water protons.



Derivation of B field generated in an MRI

voxel by a current dipole

Single dendritic tree having a diameter d, and length L behaves like a conductor with
conductivity . Resistance is R=V/I, where R=4L/(rnd? ). From Biot-Savart:

B Q _ M d2oV
4t rr 16 r?

by substituting d = 4um, 6 ~ 0.25 Q' m!, V = 10mV and

B=

r = 4cm ( measurement distance when using MEG) the resulting value is: B~0.002 fT

Because Bygg=100fT (or more) is measured by MEG on the scalp, a large number of

neurons, (0.002 fT x 50,000 = 100 fT), must coherently act to generate such field. These
bundles of neurons produce, within a typical voxel, 1 mm x 1 mm x 1 mm, a field of order:

BMRl zO.ZnT

J. Bodurka, P. A. Bandettini. Toward direct mapping of neuronal activity: MRI detection
of ultra weak transient magnetic field changes, Magn. Reson. Med. 47: 1052-1058, (2002).




Figure 1
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J. Bodurka, P. A. Bandettini. Toward direct mapping of neuronal activity: MRI detection
of ultra weak transient magnetic field changes, Magn. Reson. Med. 47: 1052-1058, (2002).
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In Vitro Results

Newborn rat brains have been found to exhibit
spontaneous and synchronous firing at specific
frequencies

Plenz, D. and S.T. Kital. Nature, 1999. 400: p. 677-682.



Culture CSF

FSE image

Active state: 10 min, Inactive state: 10 min after TTX admin.

*. activity

#: scanner pump frequency
Petridou et al.
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Motor Cortex

Auditory Cortex

S. M. Rao et al, (1996) “Relationship between J. R. Binder, et al, (1994). “Effects of stimulus
finger movement rate and functional magnetic  rate on signal response during functional
resonance signal change in human primary magnetic resonance imaging of auditory
motor cortex.” J. Cereb. Blood Flow and Met. cortex.” Cogn. Brain Res. 2, 31-38

16, 1250-1254.
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fMRI responses in human V1 are proportional
to average firing rates in monkey V1
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Logothetis et al. (2001) “Neurophysiological
investigation of the basis of the {MRI
signal” Nature, 412, 150-157
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HBM 2003

Poster number: 308

The Negative BOLD Response in Monkey V1 Is Associated with Decreases in Neuronal Activity
Amir Shmuel*t, Mark Augath, Axel Oeltermann, Jon Pauls, Yusuke Murayama, Nikos K. Logothetis
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Dynamic Nonlinearity Assessment

Different stimulus “ON” periods

measured
BOLD = Imear
Response .53
0]
Stimulus
025s 05s 1s 2S 20 s —

time (s)

Brief stimuli produce larger responses than expected

R. M. Birn, Z. Saad, P. A. Bandettini, (2001) “Spatial heterogeneity of the nonlinear dynamics in the
fMRI BOLD response.” Neurolmage, 14: 817-826.
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R. M. Birn, Z. Saad, P. A. Bandettini, (2001) “Spatial heterogeneity of the nonlinear dynamics in the
fMRI BOLD response.” Neurolmage, 14: 817-826.



Sources of this Nonlinearity
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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.

BOLD Signal Change (SD Units)

20 25
Time in Seconds

) NEURAL Signal Change (SD Units)

P. A. Bandettini and L. G.
Ungerleider, (2001) “From neuron

to BOLD: new connections.”
Nature Neuroscience, 4: 864-866.
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MEG and Ramped Stimulus

6 subjects
SD: 1 or 2 seconds
Ramp: 0, 0.5, 1 second

8 Hz Counterphase-modulated
checkerboards

Fixation without task
—  No blinking point

45 repeats

3 sec ISI

275 channels

600 Hz




MEG — Ramped stimuli
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Composite — 1 second Stimulus Duration
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Divergence of spike rate and blood flow
during parallel fiber stimulation

0 50 100 150
Time /s

Mathiesen, Caesar, Akgoren, Lauritzen (1998), J Physiol 512.2:555-566



eFunctional contrast

eSignal interpretation

eHardware and pulse sequences

eParadigm design and processing
eSpatial and temporal resolution

eOverview
eCurrent Limits
eFuture Prospects
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Single Shot EPI

T2* decay
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Local gradients solved the problem

August, 1991
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General Electric 3 Tesla Scanner
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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
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SENSE Imaging

Image domain

Ph
encoding

Image domain
Phase
encoding

Readout ——»

Linear
algebra

e e T LR

~ 5 to 30 ms -

Pruessmann, et al.
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eSignal interpretation

eHardware and pulse sequences
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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
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Proc. Natl. Acad. Sci. USA

Vol. 93, pp. 2382-2386, March 1996
Neurobiology

Mapping striate and extrastriate visual areas in human
cerebral cortex

EDGAR A. DEYOE*, GEORGE J. CARMANT, PETER BANDETTINIE, SETH GLICKMAN®, JON WIESER®, ROBERT COXS,
DavID MILLERY, AND JAY NEITZ*
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First Event-related fMRI Results

Difference Signal

.
1
| ng,VM

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.

50 75
Time (seconds)




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
0.75
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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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Detectability

Detectability vs. Average ISI

SD =4000 s.
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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).

40



Technology
=R

ocal Human Head Gradient Coils

Methodology

Baseline Volume

IVIM

Interpretation

Blood T2

Hemoglobin

36 82 88 89 90 91

1.5T,3T, 4T

Diff. tensor Mg+ 7T
Venography

>8 channels

Baseline Susceptibility

EPI on Clin. Syst.

avapulses

Real time fMRI

Quant. ASL
Dynamj olum

Simultaneous ASL and BOLD

CO, Calibration

Z-shim

Current Imaging?

/ 'ng

Phase Mapping

1€ 4 NCUITESSIO] ]

BOLD models PET corgalatian
B, dep. |V VSEV ASL vs. BOLD Layer spec. latency
Pre-undersho DL a£.R01D
im.

TE dep  Resolution Dep. Excite and Inhibit
Metab. Correlatte

Post-undershoot
SE vs. GE CO, effe _
NIRS Correlation
i Inflow

Multi-variate Mapping
Fuzzy Clustering

Electrophys. correlation

92 93 94 95 96 97 98 99 00 O1 02 O3



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. Neurolmage 17: 1787-1806, (2002).



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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Resting State
Fluctuations

B. Biswal et al., MRM, 34:537 (1995)
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Latency and Width
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Hemi-Field Experiment
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Timing Modulation (calibration)

S00ms SO MS  pioht Hemifield

Left Hemifield




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

amplitude, latency, and width

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

*Laboratory of Braln and Cognition and *Sdentific and Statistical Computing Core, Natlonal Institute of Mental Health, Bethesda, MD 20892
) g P €

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

Proc. Nat'l. Acad. Sci. USA 100, 1415-1419 (2003).
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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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11026-11031 PNAS September 26, 2000 vol. 97 no. 20
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Functional magnetic resonance imaging (fMRI) “brain reading”:
detecting and classifying distributed patterns of fMRI activity
in human visual cortex

David D. Cox™"* and Robert L. Savoy™"*

Inc., P.O. Box 158, 1

Received 15 July 2002; accepted 10 December 2002
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The Future
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