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Extracting transient neuronal activity 

•Initial transient mapping

•BOLD latency and width modulation/mapping

•Direct neuronal current imaging
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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.” NeuroImage, 14: 817-826.



BOLD response is nonlinear

Short duration stimuli produce larger responses than expected
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Spatial Heterogeneity of BOLD Nonlinearity



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



Results – motor task
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Results – motor task
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Sources of this Nonlinearity

• Neuronal

• Hemodynamic

– Oxygen extraction
– Blood volume 

dynamics
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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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Extracting transient neuronal activity 

•Initial transient mapping

•BOLD latency and width modulation/mapping

•Direct neuronal current imaging
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Venogram

The major obstacle in BOLD 
contrast temporal resolution: 



Hemi-Field Experiment
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Estimation of Delay, Width & Amplitude
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Extracting transient neuronal activity 

•Initial transient mapping

•BOLD latency and width modulation/mapping

•Direct 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?

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



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

*

*

# *

*

#
Culture CSF

FSE image

1 2

Hz Hz

CSFCulture

*: activity
#: scanner pump frequency

Petridou et al. Poster #694
Poster discussion: Saturday, 9:42-9:54 AM


