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"fMRI" or “functional MRI"
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Motor (black)

Primary Sensory (red)
Integrative Sensory (violet)
Basic Cognition (green)
High-Order Cognition (yellow)
Emotion (blue)

J. Illes, M. P. Kirschen, J. D. E. Gabrielli,
Nature Neuroscience, 6 (3)m p.205
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Technology

‘Parallel Acquisition
*SENSE Imaging
*High Fields



Parallel Acquisition

8 channel parallel receiver coil 16 channel parallel receiver coll

GE birdcage GE 8 channel coil  Nova 8 channel coil

16 CH Array 28CM ID Birdcage

J. Bodurka, et al, Magnetic Resonance in Medicine 51 (2004) 165-171.



TSNR

Limits:

GM =87
WM =155
CSF =53
Vessels = 68

J. Bodurka

#voxels:
GM=9472
WM=14844
CSF=09443
Vasculature=8666

Voxel Volume: .
1.7 x1.7 x4 mm

WM




Segmentation using EPT Transient

WM: T1=0.85s 16 chan array

GM: T1=1.25s
‘,—-—

1.0 2.0 3.0 4.0(s)

J. Bodurka



Signal to Noise Ratio

Parallel Acquisition

Signal / Physiologic Noise

Resolution, Speed, Surface Coils, Field Strength, etc..



Simulated gains in TNSR with doubling sensitivity

Thermal S/N

/ / Physiologic S/N

Total S/N

20 30

Voxel Volume (mm?®)




Technology Parallel Acquisition

Ventral view Lateral view

16 Channel Array> GE coil
GE coil > 16 Channel Array

Bellgowan et al.



Technology Parallel Acquisition

Bellgowan et al.



SENSE Imaging

k-space Image domain
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SENSE Imaging
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3T single-shot SENSE EPT using 16 channels: 1.25x1.25x2mm



Technology High Fields

77T head coil 3T head coil

\_J’ 13 T\g.? | >

TSE, 11 echoes, 7 min exam, 20cm FOV, 512x512 (0.4mm x 0.4mm), 3mm thick slices.

~ . .

7T 3T
white matter SNR =65 white matter SNR =26

Gray matter SNR = 76 Gray matter SNR = 34

Courtesy Larry Wald



Technology High Fields

Susceptibility field (in Gauss) increases w/ B,

Ping-pong ball in H-0:
Field maps (DTE = 5ms), black lines spaced by
0.0246G (0.8ppm at 3T)

Courtesy Larry Wald



High Fields

7/T: Single Shot whole head EPT
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64x64, 19cm FOV(3mm
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High Fields
7/T: Single Shot whole head EPT
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1.5mm inplane

single shot EPT, 7T. |

128x128, 20cm FOV
(1.5mm resolution),
2mm slice,

TE = 20ms




Technology High Fields

7T Blood flow and BOLD based fMRI

Longer T1 means better ASL..

6 minute pulse Arterial Spin Labeling blood
flow image

1.56mm x 1.56mm x 4mm

(3T typical resolution: 3mmx 3mm x 5mm)

Courtesy Larry Wald
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Methodology

‘New Contrasts
‘Paradigm Designs
*Temporal Resolution
-Spatial Resolution
‘Processing Methods



fMRI Contrast

Volume (gadolinium)
BOLD

Perfusion (ASL)
ACMRO,

AVolume (VASO)
Neuronal Currents
Diffusion
coefficient

» Temperature

New Contrasts



New Contrasts

fMRI Contrast

* Volume (gadolinium)
- BOLD



New Contrasts
Perfusion (ASL)

Better than BOLD for long duration activation...

—— BOLD
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6K Aguirre et al, (2002) NeuroImage 15 (3): 488-500



Perfusion vs. BOLD: Low Task Frequency

ASL Perfusion BOLD (ASLbased)  BOLD Optimized
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Wang et al., 2002



New Contrasts

Perfusion (ASL)

ASL Perfusion fMRI vs. BOLD
Improved Intersubject Variability vs. BOLD

BOLD

perfusion

perfusion BOLD  BOLD (norm)

F value

Single Subject Group (Random Effects)

Aguirre et al., NeuroImage, in press
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Simultaneous Perfusion and BOLD imaging during Hoge et al, PNAS 96:
graded visual activation and hypercapnia 9403-9408 (1999)




New Contrasts

VASO

1 4 7101216192225 28 31 34 37 4043 45 49 52 55 58 1 4 710131619 2226 28 31 34 37 40 43 96 49 62 65 68
Image Number Image Number

Lu et al, MRM 50 (2): 263-274 (2003)



New Contrasts
Magnetic Field Neuronal Currents

Intracellular
Current

Surface Fields 100 fT at on surface of skull

And 0.2 nT near source
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New Contrasts
Visual stimulus Button press Button release Neu r‘o nal Cu r‘ r‘ents

B

Slice Position
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J. Xiong, P. T. Fox, J.-H. Gao, Direct MRI Mapping of neuronal activity.
Human Brain Mapping, 20: 41-49, (2003)



New Contrasts

, Neuronal Currents
In Vitro Results

Organotypic (no blood supply or hemoglobin fraces) sections of newborn-rat
somato-sensory Cortex, or somato-sensory Cortex & Basal Ganglia

- Size: in-plane:~1-2mm?, thickness: 60-100um
* Neuronal Population: 10,000-100,000

» Spontaneous synchronized activity < 2Hz

» Epileptiform activity

- Spontaneous beta freq. activity (20-30Hz)
- Network Activity Range: ~ 0.5-15uV

Plenz, D. et al. Neurosci70(4): 861-924, 1996



Culture  ACSF

FSE image
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New Contrasts

Neuronal Currents
1: culture 2: ACSF

14
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condition: black line
condition: red line

A: 0.15 Hz activity, on/off frequency
B: activity
C: scanner noise (cooling-pump)



New Contrasts
Temperature

Frequency Shi‘t [Hz]
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Yablonski, et al. PNAS 97: 7603-7608 (2000).



New Contrasts
Diffusion Coefficient

Gangstead and Song, MRM Song et al., NeuroImage, 20,
48, 385-388, 2002 955-961, 2003.



1. Block Design X

2. Frequency Encs
3. Phase Encoding
4. Event-Related

5. Orthogonal Blo X

6. Free Behavior Design.

A

51|

| L




Methodology
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Detection of BOLD (t-stat)

R.M. Birn, R. W. Cox, P. A. Bandettini. NeuroImage, 23 1046-1058 (2004)




1. Block Design
2. Frequency Encs
3. Phase Encoding
4. Event-Related
5. Orthogonal Blo




NLYES
Free Behavior

Resting State Correlations

Activation: Rest:
correlation with reference function seed voxel in motor cortex

B. Biswal et al, MRM, 34:537 (1995)



NLYES
Free Behavior

BOLD correlated with 10 Hz power during "Rest”

Positive

10 Hz power

Negative

Goldman, et al (2002), Neuroreport

PRz
- 0,60 +0.30 +0.60




NLYES
Free Behavior

BOLD correlated with SCR during "Rest”

J. C. Patterson IT, L. 6. Ungerleider, and P. A Bandettini, NeuroImage 17: 1787-1806, (2002).



NAIS
Regions showing decreases during cognitive tasks Free Behavior

L Fusiform Gyrus L Middle Frontal Gyrus
R Anterior Cingulate Gyrus

R Precuneus/Superior Parietal Lobule

L Posterior Cingulate Gyrus I R Posterior Parieto-Occipital Cortex
R Posterior Cingulate Gyrus L. Anterior Cingulater/Superior Frontal Gyrus

L Middle Occipital Gyrus L Precuneus/Superior Parietal Lobule

L Posterior Parieto-Occipital Cortex

Shulman et al., 1997: BF
decreases from averaged
active=passive scan pairs in

9 visual PET experiments
Binder et al, 1999: Rest - tones
using fMRI

Mazoyer ct al, 2001: Rest
conditions jointly compared to
9 cognitive tasks using PET

Current study: Areas that
deactivate relative 1o rest using
fMRI and an auditory target
detection task

Location of deactivation
common to two or more of the
above studies

McKiernan, et al (2003), Journ. of Cog. Neurosci. 15 (3), 394-408



Methodology NATIS
Free Behavior

Lexical Task Functional
Connectivity

J. Diamond, M. Smith, R. Birn



NAIS
Free Behavior

Brain regions showing strong correlation with left and right amygdala activity.

D. Knight, H. Nguyen



NLYES
Free Behavior

Fit coefficient

Fit coefficient comparing similarity of ventral
AC activity with left and right amygdala
activity. Activity within the ventral AC was
more strongly associated with left than right
amygdala activity.

D. Knight, H. Nguyen



Temporal Resolution

Latency Variation...

In an ideal world... no latency variation

Latency i 8 -
500 . ad A
400 MagniTUde ‘ ) ' )
16 sec on/off
/
300
8 sec on/off
200
100 '
0 o 5 10 15 20 25 30

11

Number of runs

P. A. Bandettini, (1999) "Functional MRI" 205-220.

R. Birn
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Bellgowan, et al (2003), PNAS 100, 15820-15283
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0.47 x 0.47 in plane resolution

Cheng, et al. (2001) Neuron,32:359-374

Spatial Resolution

PSF FWHM = 3.5mm
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S.A. Engel, et al. Investigative Ophthalmology
& Visual Science 35 (1994) 1977-1977.

0.54 x 0.54 in plane resolution

Multi-shot with
navigator pulse

Menon et al, (1999) MRM 41 (2): 230-235



Processing Methods

Activation-based mapping: data smoothing
(classical approach)

Information-based mapping: local multivariate ana

volume scanned with MANCOVA searchlight>

B information-based
intersection
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38% 17%

voxel sets

N. Kriegeskorte
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Y. Kamatani and F. Tong,
Nature Neuroscience, 8,
679-685.
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Interpretation

‘Post Undershoot

‘Linearity

‘Local Field Potentials vs Spiking
‘Inhibition and Decreases



CBF (% change)
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BOLD post-stimulus undershoot
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A BOLD undershoot without a CBF undershoot

could be due to a slow return to baseline of
either CBV or CMRO,

Courtesy Rick Buxton



BOLD Signal Dynamics

20 40

_ /_\BOLD signal | BOLD signal
——

20 40 | 40

Courtesy Rick Buxton



Increases: linearity Linearity

INUV.VAN

R. M. Birn, (2001) NeuroImage, 14: 817-826.
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P. A. Bandettini et al, (2001) Nature
Neuroscience, 4: 864-866.




Increases: duty cycle

a Measured Event-

b Predicted Blocked Responses
related Responses

6% ON
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Decreases: linearity

BOLD response

measured

Stimulus timing 20 s

2S 3s 4s

R.M. Birn, P. A. Bandettini. NeuroImage, (in press,)




Linearity

We also see increases during stimulus cessation...
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Visual stimulation

R.M. Birn, P. A. Bandettini. NeuroImage, (in press,)



Increase: duration on

Decrease: duration off
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LFP vs Spiking

Contrast Response
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Michelson Contrast

BOLD vs LFP Activation
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Logothetis et al. (2001) Nature, 412, 150-157



Inhibition and Decreases

Neg. BOLD

Inhibition
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Applications

‘Real Time Feedback
*Clinical Applications



Clinical Applications

Comparison of two groups of normal individuals with differences in the Serotonin Transporter Gene

Serotonin Transporter Genetic
Variation and the Response of
the Human Amygdala

Ahmad R. Hariri," Venkata S. Mattay,’ Alessandro Tessitore,’
Bhaskar Kolachana, Francesco Fera,! David Goldman,?
Michael F. Egan,’ Daniel R. Weinberger'*

Amygdala Responss: s Group » | Group

SCIENCE VOL 297 19 JULY 2002
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