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Functional MRI Methods

Blood Volume Imaging

BOLD Contrast

Arterial Spin Labeling



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

Blood Volume Imaging

Resting    Active



Blood Volume



BOLD Contrast in the Detection of Neuronal Activity

Cerebral Tissue Activation

Local Vasodilation

Increase in Cerebral Blood
Flow and Volume

Oxygen Delivery Exceeds
Metabolic Need

Increase in Capillary and Venous Blood Oxygenation

Decrease in Deoxy-hemoglobin Deoxy-hemoglobin: paramagnetic
Oxy-hemoglobin: diamagnetic

Decrease in susceptibility-related
intravoxel dephasing Increase in T2 and T2*

Local Signal Increase in T2 and T2* - weighted sequences



Alternating Left and Right Finger Tapping 

~ 1992

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. Proc. Natl. Acad. Sci. USA.” 89, 5951-5955.
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Correlation analysis, Fourier analysis, t-test, f-test…
SPM, AFNI, brain voyager, FIASCO, FSL, free surfer…

Quality of results and importance of the findings depends on
type of question asked, experimental method, and analysis method… 



The BOLD Signal
Blood Oxygenation Level Dependent (BOLD)  signal changes

task task



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.

First Event-related fMRI Results
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Imaging System Components
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Local gradients solved the problem

August, 1991
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General Electric 3 Tesla Scanner
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Methodology

Interpretation Applications
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2.Spatial Resolution
3.Sensitivity and Noise
4.Information Content
5.Implementation
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P. A. Bandettini, Functional MRI 
temporal resolution in  "Functional 
MRI" (C. Moonen, and P. Bandettini., 
Eds.), p. 205-220, Springer - Verlag,. 
1999. 



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.

First Event-related fMRI Results
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Venogram

The major obstacle in BOLD 
contrast temporal resolution: 
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Single Shot Imaging

T2* decay

EPI Readout Window

≈ 20 to 40 ms



Partial k-space imaging

T2* decay

EPI Window



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.

Partial k-space imaging



Multishot Imaging

T2* decay

EPI Window 1

T2* decay

EPI Window 2



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

Multi Shot EPI



≈ 5 to 30 ms

Pruessmann, et al. 

SENSE Imaging



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. 

Perfusion



Anatomy

BOLD

Perfusion

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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ODC Maps using 
fMRI

calcarine

1 cm

1Malonek D, Grinvald A. Science 272, 551-4 (1996).
3Horton JC, Hocking DR. J Neurosci 16, 7228-39 (1996).
4Horton JC, et al. Arch Ophthalmol 108, 1025-31 (1990).

• Identical in size, 
orientation, and 
appearance to those 
obtained by optical 
imaging1 and 
histology3,4.

Menon, et al
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Question: What is the “true” spatial extent of BOLD contrast?
Paradigm: Repeated averaging of simple visual task

 

NeuroImage
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Logothetis et al. (2001) “Neurophysiological 
investigation of the basis of the fMRI 
signal” Nature, 412, 150-157

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.



Question: Do BOLD nonlinearities exhibit spatial heterogeneity?
Paradigm: Stimulus duration modulation from 50 ms to 20 sec.
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Results – visual task
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Sources of this Nonlinearity

• Neuronal

• Hemodynamic

– Oxygen extraction
– Blood volume 

dynamics
D Volume

Flow In Flow Out

Oxygen Extraction



BOLD Correlation with Neuronal Activity

Logothetis et al. (2001) 
“Neurophysiological investigation 
of the basis of the fMRI signal” 
Nature, 412, 150-157.

P. A. Bandettini and L. G. 
Ungerleider, (2001) “From neuron 
to BOLD: new connections.” 
Nature Neuroscience, 4:  864-866.
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P. A. Bandettini, A. Jesmanowicz, E. C. 
Wong, J. S. Hyde, Processing strategies 
for time-course data sets in functional MRI 
of the human brain. Magn. Reson. Med. 
30, 161-173 (1993). 



0.08 Hz          0.05 Hz

spectral
density

c.c. > 0.5
with spectra

P. A. Bandettini, A. Jesmanowicz, E. C. Wong, J. S. Hyde, Processing strategies for time-course data 
sets in functional MRI of the human brain. Magn. Reson. Med. 30, 161-173 (1993). 
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fMRI during tasks that involve brief 
motion

motion BOLD response

task

BOLD response

t

motion
task

Blocked Design

Event-Related Design

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). 
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Overt Word Production

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

Expected
Response

motion

BOLD
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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

avg
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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). 





R. M. Birn, R. W. Cox, P. A. Bandettini, 
Detection versus estimation in Event-
Related fMRI: choosing the optimal 
stimulus timing. NeuroImage 15: 262-264, 
(2002). 
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Free Behavior Design

Use a continuous measure as a 
reference function:

•Task performance
•Skin Conductance
•Heart, respiration rate..
•Eye position
•EEG



Amygdala

Sympathetic Nervous System

The Skin Conductance Response (SCR)

Ventromedial PFC

Hypothalamus

Resistance change across 
two electrodes induced 
by changes in sweating.

Sweat Gland

Orbitofrontal Cortex



Brain activity correlated with SCR during “Rest”

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



OHBM 2002





Image quality…







Extra Stuff..



Lie Detection





Real Time fMRI
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  8 blocks
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Correlation > 0.45

Blocks: 12345678



Neuronal Current Imaging



•Preliminary models suggest that magnetic field 
changes on the order of 0.1 to 1 nT are induced 
(at the voxel scale) in the brain.

•These changes induce about a 0.01 Hz frequency 
shift or 0.09 deg (@ TE = 30 ms) phase shift. 

•Question: Is this detectable?
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25 mV
10 s

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

Cortex

Striatum

Subthalamic nucleus

Globus Pallidus

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



Results

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

*
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#
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FSE image

1 2
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*: activity
#: scanner pump frequency

Petridou et al.
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Power spectra
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Decision Making



Heekeren et al



•Shimming
•Acoustic Noise
•Multishot Techniques
•Increased Gradient Performance
•Higher Field Strengths
•Surface Coil Arrays
•Calibration / Quantification
•Embedded Functional Contrast
•Noise / Fluctuations
•Direct Neuronal Current Imaging
•Clinical Populations
•Neuronal,Vascular, and Metabolic Information



Director:
Peter Bandettini
Staff Scientists:
Sean Marrett
Jerzy Bodurka 
Frank Ye
Wen-Ming Luh
Computer Specialist:
Adam Thomas
Post Docs:
Rasmus Birn 
Hauke Heekeren 
David Knight
Patrick Bellgowan 
Ziad Saad 

UFIM & FMRIF
Graduate Student:
Natalia Petridou 
Post-Bac. IRTA Students:
Elisa Kapler
August Tuan
Dan Kelley
Hahn Nguen
Visiting Fellows:
Sergio Casciaro
Marta Maieron
Guosheng Ding
Clinical Fellow:
James Patterson 
Psychologist:
Julie Frost

Summer Students:
Hannah Chang
Courtney Kemps
Douglass Ruff
Carla Wettig
Kang-Xing Jin 
Program Assistant:
Kay Kuhns
Scanning Technologists:
Karen Bove-Bettis
Paula Rowser


