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The Techniques

Blood Volume Imaging

BOLD Contrast

Arterial Spin Labeling



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

Blood Volume Imaging

Resting    Active



Blood Volume
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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
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



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

task task
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Resting ASL Signal



Comparison with Positron 
Emission Tomography

PET: H2
15O MRI: ASL
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Gradient - Echo

Spin - Echo

Bandettini et al.
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Anatomy

BOLD

Perfusion





BOLDPerfusion
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Visual Activation Paradigm: 1 , 2, & 3 Trials

20 sec0 sec

0 sec2 sec 20 sec

0 sec2 sec 20 sec4 sec
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Motor Cortex Auditory Cortex



Neuronal Activation Input Strategies

1. Block Design

2. Frequency Encoding

3. Phase Encoding

4. Event Related

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:

...to make progressively more precise inferences using fMRI 
without making too many assumptions about non-neuronal
physiologic factors.
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Logothetis et al. Nature, 412, 150-157



Different stimulus “ON” periods

measured
linear
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Brief stimuli produce larger responses than expected



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



Logothetis et al. Nature, 412, 150-157

BOLD Correlation with Neuronal Activity

Bandettini and Ungerleider, Nature Neuroscience, 4, 864-866
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Venograms (3T)
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Regions of Interest Used for 
Hemi-Field Experiment

Right 
Hemisphere

Left 
Hemisphere
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CMRO2-related BOLD signal deficit:

N=12

hypercapnia
visual stimulationCBF BOLD

Simultaneous Perfusion and BOLD imaging
during graded visual activation and hypercapnia

Hoge, et al.



Computed CMRO2 Changes
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R. D. Frostig et. al, PNAS 87: 6082-6086, (1990).

2 mm



ODC Maps using 
fMRI

calcarine

1 cm

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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Human data

Temporal vs. Image S/N
Optimal Resolution Study

Petridou et al4mm slice thickness

Phantom data





Resting Hemodynamic Autocorrelations

low frequency autocorrelation mapconventional BOLD map
B. Biswal et al., MRM, 34:537 (1995)



Neuronal Activation Input Strategies

1. Block Design

2. Frequency Encoding

3. Phase Encoding

4. Event Related

5. Orthogonal Block Design

6. Free Behavior Design



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”
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Future

Imaging Methods

Clinical Implementation



Imaging Methods
•Shimming
•Acoustic Noise
•Multishot Techniques
•Increased Gradient Performance
•Higher Field Strengths
•Surface Coil Arrays (SENSE..)
•Calibration / Quantification
•Noise / Fluctuations
•Direct Neuronal Current Imaging











2 G/cm, 350 T/m/s 4 G/cm, 150 T/m/s

10 G/cm, 1000 T/m/s

Diffusion imaging
Faster imaging
Higher resolution
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Figure 1

DB0<2nT
X=0

I=10 µA, D=40ms

FF
T(
F

(t)
)

0.0 0.1 0.2 0.3 0.4 0.5

DB0<0.2nT X=12.5 mm

Z

X

DBR<0.2nT

DBR<2nT

Neuronal
Current
Imaging



Clinical Implementation
•Real Time fMRI (immediate feedback)
•Elipepsy (foci localization)
•Metabolic / Vascular Disorders

•fMRI correlation with clinical populations



The
End

< 1 s to render

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

Color shows
  through brain

Correlation > 0.45

Blocks: 12345678
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