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Time course of BOLD signal
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The Problem

Neuronal Activation

Hemodynamics? ?
?

Measured Signal

Noise

?



What we observe

• Magnitude
• Location
• Parametric Manipulation
• Latency
• Fluctuations



Location

Anatomy

BOLD

Perfusion
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Magnitude
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 Breathing
Altered Air

5% CO2 (Trials 3 & 4)

12% O2 (Trials 1 & 2)

5% CO2

12% O2

Hemodynamic Stress Calibration

P. A. Bandettini, E. C. Wong, A hypercapnia - based normalization method for improved spatial 
localization of human brain activation with fMRI. NMR in Biomedicine 10, 197-203 (1997). 
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Simultaneous Perfusion and BOLD imaging during 
graded visual activation and hypercapnia



Computed CMRO2 Changes
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The Negative BOLD Response in Monkey V1 Is Associated with Decreases in Neuronal Activity
Amir Shmuel*†, Mark Augath, Axel Oeltermann, Jon Pauls, Yusuke Murayama, Nikos K. Logothetis



Parametric Manipulation

Motor Cortex
Auditory Cortex
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fMRI responses in human V1 are proportional 
to average firing rates in monkey V1

0.4 spikes/sec -> 1% BOLD
Rees, G., Friston, K., and Koch, C. 2000. A direct 
quantitative relationship between the functional properties 
of human and macaque V5. Nat. Neurosci. 3: 716–723.

Heeger, D. J., Huk, A. C., Geisler, W. S., and Albrecht, D. G. 
2000.Spikes versus BOLD: What does neuroimaging tell us 
about neuronal activity? Nat. Neurosci. 3: 631–633.

9 spikes/sec -> 1% BOLD
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Logothetis et al. (2001) “Neurophysiological 
investigation of the basis of the fMRI signal” Nature, 
412, 150-157
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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.



Evidence that inhibitory input 
produces increased blood flow





Divergence of spike rate and blood flow
during parallel fiber stimulation
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It gets more complicated…
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Flow modulation is not necessarily 
the same as BOLD modulation



Mediators of neurovascular coupling
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Negative BOLD in carotid artery disease

Röther et al. NeuroImage 2002
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Altered neurovascular coupling: Pathology, drugs
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BOLD correlates with de-synchronization of MEG signal …







Latency and Width



0

10

20

30

40

50

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

N
um

be
r o

f V
ox

el
s

Delay (sec)

1980

2000

2020

2040

2060

2080

2100

0 2 4 6 8 10 12 14 16 18 20

M
R

I S
ig

na
l

Time (sec)

!"#"$%&

'"#"$%&

("$%&)%*+,

-./01.+.,
2&+*%

)31"
4.356&1

Latency

Magnitude

+ 2 sec

- 2 sec

Venogram

Latency and Width



=
+ 2.5 s

- 2.5 s
0 s

500 ms500 ms
Right Hemifield
Left Hemifield

-

0 10 20 30

Timing Modulation (calibration)



!"#
$%

&

'()*+,

'$#
)&

-

*%,".'

&)
-$

#'
+,

*()
'

!"#$%&'()" '&*
/#"*' 0#1 2/#"*'

+
,-

&
-$

,.
&

'(
)"

'&
* 3 3

43 3

563 3

7,81
9,8&.%#1:;%(,

<6=:('

<>5:('

5??4:('

><4:(' 565>:('
7,81

9,8&.%#1:;%(,

!"#$%&'()*+%&,$(-%&.$/%&0.,&100!"#$#%&#$#'"()**+,- !



!"#$ %&'(%)"* +,"#$ - ! .%/- ! .%01- ! %2"3435"*

A B

A B

A B

V-?1#&$#(I#$-%"*(WH#+,

>#1)1-%#"*(WH#+,

@&''*1(518G$#"*(WH#+,

2675"*'%"8%9*36#6'3



!"#$%&'(")*+,*'(-*.,*/"0102)*
!"#$%&'()$*('&+&,-)."*$-//-/)
0&+1)23'$+&*'#4)567)8-'+#4)
$1"*'*8-+"9: *34##0(5*67%(%"(*
%(*804#"1%"2"9:)*;<<=,*!" >*7,*
?@AB?C?,

No calibration



No calibration

11.7 T



Baseline Modulation…
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Resting State Fluctuations



Amygdala

Sympathetic Nervous System
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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 !" !"#$%$&#%'()"*+''+,-  






