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The Techniques

Blood Volume Imaging
BOLD Contrast

Arterial Spin Labeling



Blood Volume Imaging

Contrast agent injection and time series
collection of T2* or T2 - weighted images
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Blood Volume

MR! Image showing
activation of the
Visual Cortex

From Belliveau, et al.
Science Nov 1991

MSC - pertusion
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Alternating Left and Right Finger Tapping
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BOLD Contrast in the Detection of Neuronal Activity

Cerebral Tissue Activation

|

Local Vasodilation

]

Increase in Cerebral Blood ‘ Oxygen Delivery Exceeds
Flow and Volume Metabolic Need

4

Increase in Capillary and Venous Blood Oxygenation

|

Decrease in Deoxy-hemoglobin

3

Decrea.\se in susceptlblllt_y-related Increase in T2 and T2*
intravoxel dephasing ‘ 1

Deoxy-hemoglobin: paramagnetic
Oxy-hemoglobin: diamagnetic

Local Signal Increase in T2 and T2* - weighted sequences




The BOLD Signal

Blood Oxygenation Level Dependent (BOLD) signal changes

1=
1.0
08
06
04

02

Normalized Signal

00

0 5 10 15 20 25 30 35 40
Time: (sec)

MRI Signal

2100 §

2080

2060

2040
2020 {

2000

2 4 6 8 10 12 14 16 18 20

Time (sec)




Imagined
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Imagied
Complex Left

Bandettini et al.



Sensorimotor Mapping
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Blood Perfusion
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Resting ASL Signal




Comparison with Positron
Emission Tomography

PET: H,'50 MRI: ASL



Refinements
BOLD Contrast Interpretation
Dynamics, Paradigm Design and Processing

Applications
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Gradient - Echo

Spin - Echo

Bandettini et al.



Contrast
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compartment size



T1 - weighted

T2* weighted

T1 and T2*
weighted




Perfusion

BOLD Rest Activation
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Anatomy

BOLD

Perfusion




Fractional Signal Change
2.5 mm? 1.25 mm?
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Arterial inflow Venous inflow

(BOLD TR < 500 ms) Perfusion BOLD (for ASL, w/no VN)
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BOLD Contrast Interpretation
Dynamics, Paradigm Design and Processing

Applications
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MRI Signal
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1,2, &3 Trials

Visual Activation Paradigm
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Response to Multiple Trials: Subject RW
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Motor Cortex Auditory Cortex




Neuronal Activation Input Strategies
1. Block Design
2. Frequency Encoding
3. Phase Encoding

4. Event Related

|
1
1
1

5. Orthogonal Block Design |||






Example of a Set of Orthogonal Contrasts for Multiple

Regression
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Applications

Clinical Populations

Presurgical mapping
Volume/Perfusion assessment
Acute stroke characterization

Healthy Volunteers

Brain mapping
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The Neuroscientists’ Challenge:

...t0 make progressively more precise inferences using fMRI
without making too many assumptions about non-neuronal
physiologic factors.




Number of Neurons

A Neuronal Activity

Local Field Potential

Spiking Coherence
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Contrast Response

Normalized Response

|
25 50
Michelson Contrast

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




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



Results — visual task
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Sources of this Nonlinearity

* Neuronal

 Hemodynamic

Oxygen Extractio&
— Oxygen extraction o — S Fgou
A Volum -
— Blood volume \;e——

dynamics



BOLD Correlation with Neuronal Activity

BOLD Signal: ePts

BOLD Signal Change (SD Units)

20 25
Time in Seconds

) NEURAL Signal Change (SD Units)

estimated
neuronal input

2

stimulus duration

Bandettini and Ungerleider, Nature Neuroscience, 4, 864-866



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

Saljl Dgawa'!, Tso-Ming Lee", Ray Stepnoski’, Wel Chen®, Xiso-Hong Zhu, and Kamil Ugurbil
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Time Course Comparison Across Brain Regions
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Venograms (3T)







Regions of Interest Used for
Hemi-Field Experiment
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CMRO,-related BOLD signal deficit; /v et
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Hoge, et al.

Computed CMRO, Changes
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Duantitative Measurements of Cerebral Metabolic Rate of Oxygen (CMRO2) Using MRI: A Volunteer Study
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2 mm

R. D. Frostig et. al, PNAS 87: 6082-6086, (1990).



ODC Maps using

Menon, R. S., S. Ogawa, et al. (1997). “Ocular dominance in human V1 demonstrated by
functional magnetic resonance imaging.” J Neurophysiol 77(5): 2780-7.




Temporal vs. Spatial SNR- 3T
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Temporal vs. Image S/N
Optimal Resolution Study
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Resting Hemodynamic Autocorrelations

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



Neuronal Activation Input Strategies
1. Block Design
2. Frequency Encoding
3. Phase Encoding

4. Event Related

|
!
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5. Orthogonal Block Design |l

6. 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
two electrodes induced

Sweat Gland
by changes in sweating.



Brain activity correlated with SCR during “Rest”
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Future

Imaging Methods

Clinical Implementation



Imaging Methods

¢ Shimming

e Acoustic Noise

e Multishot Techniques
eincreased Gradient Performance
eHigher Field Strengths

eSurface Coil Arrays (SENSE..)
eCalibration / Quantification
eNoise / Fluctuations

eDirect Neuronal Current Imaging
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3D z-Shim Method for Reduction of Susceptibility
Effects in BOLD fMRI
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Current Phantom Experiment

MRI phase:
A¢ = yAB:TE



Neuronal
Current
Imaging
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Clinical Implementation

eReal Time fMRI (immediate feedback)
oElipepsy (foci localization)
eMetabolic / Vascular Disorders

fMRI correlation with clinical populations



End of Acquisition

<1 s to render

Blocked trials:
20 s on/20 s off
8 blocks

Blocks: 12345678

Color shows
through brain

Correlation > 0.45
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