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fMRI	



MRI studies brain anatomy. Functional MRI (fMRI) 
studies brain function. 

http://defiant.ssc.uwo.ca/Jody_web/fmri4dummies.htm	



fMRI Setup	



http://defiant.ssc.uwo.ca/Jody_web/fmri4dummies.htm	



History of Functional MRI	



Source: Ogawa et al., 1992 
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The Rise of fMRI 

Friston, 2010, 
Science 

What is functional magnetic resonance 
imaging (fMRI)?	



- Anatomy 
- High resolution, slow 

MRI 

- Brain Function 
- Low resolution, fast 

fMRI 

•  fMRI provides non-invasive estimates of brain function	
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Finger Tapping Task	

 BOLD Signal Change�

€ 

ΔBOLD
BOLD0

=
SA − SB
SB

€ 

SB = M0 exp −TE ⋅ R2,B
*( )

Baseline Signal	



TE�

Activation Signal	



€ 

SA = M0 exp −TE ⋅ R2,A
*( )

€ 

≈ −TE ⋅ ΔR2
∗
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R2* Depends on dHB �

time�0	

 TE�

Some dHB, Some 
dephasing�

More dHB, More 
dephasing, 
Decrease in MR 
signal�

Oxygen binds to the iron atoms to 
form oxyhemoglobin HbO2�

Release of O2  to tissue results in 
deoxyhemoglobin dHBO2�

BOLD Signal Equation �

€ 

R2,dHB
∗ ∝  Total dHb

Ogawa et al, 1993; Boxerman et al 1995, Hoge et al. 1999	



Simulations 
suggest β ≈1.5  is 
a reasonable 
overall value�

€ 

R2,dHB
∗ = A⋅ CBV ⋅ dHb[ ]v

β

Cassot et al, 2006�

Blood Volume�

€ 

β ≈1

€ 

β ≈ 2

�
Oxygen Extraction �

[dHB]venous= �
OEF x [O2]arterial	



OEF 	



OEF = �
Oxygen �
Extraction �
Fraction �

Cassot et al, 2009	



�
Blood Flow and Oxygen Metabolism�

Cerebral Blood Flow	



CBF [O2]arterial	



Cerebral Metabolic Rate of Oxygen	


CMRO2	



Oxygen extraction 
fraction (OEF)	



CMRO2= OEF x CBF x [O2]arterial	
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�
Deoxyhemoglobin �

[dHB]venous= OEF x [O2]arterial	

OEF 	



Cassot et al, 2009	



CMRO2 �

CBF�
           = CMRO2/CBF	



�
Blood Flow and Oxygen Metabolism�

Cerebral Blood Flow	



CBF [O2]arterial	



Cerebral Metabolic Rate of Oxygen	


CMRO2	



Oxygen extraction 
fraction (OEF)	



           [dHb]venous= CMRO2/CBF	



CMRO2 � [dHB]venous   	



CBF� [dHB]venous   	



Thomas Liu, BE280A, UCSD, Fall 2008	



fMRI: Spatial Temporal Dynamics	

arteriole venule capillary bed 

CMRO2 

CBF 

oxyHb 
deoxyHb 

Initial dip 
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Post-stimulus Response 

Neural activity 

CMRO2 

CBV 

CBF 
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BOLD Signal Path�

Neural 
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Metabolism 
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Cerebral Blood  
Flow (CBF) 
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≈ A CBV (CMRO2/CBF)β

R2
*
,dHB = A CBV  [dHB]βvenous	
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fMRI Acquisition	


High spatial resolution                  High temporal resolution"

MP-RAGE"
Voxel volume: 1 mm3"
Imaging time: 6 min"

EPI"
Voxel volume: 45 mm3"
Imaging time: 60 msec"

Buxton 2002	

 GE Medical Systems 2003	



Phase 	


Encode	



EPI Scans	



Field Inhomogeneities	


EPI Distortions and Signal Dropouts	



Credit: R. Buxton 
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Credit: R. Buxton 

Signal Decay	



time�0	

 TE�

Some 
inhomogeneity, 
Some dephasing �

More 
inhomogeneity, 
More dephasing, 
Decrease in MR 
signal�

Spin Echo	


Discovered by Erwin Hahn in 1950. 	



There is nothing that nuclear spins will not do for you, as 
long as you treat them as human beings.  Erwin Hahn	



Image: Larry Frank 

τ τ 180º 

The spin-echo can refocus the dephasing of spins due 
to static inhomogeneities. However, there will still be 
T2 dephasing due to random motion of spins. 	



http://chickscope.beckman.uiuc.edu/roosts/carłartifacts.html#Shimming	
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Faster	


Slower	



Precesses slower because	


of local field inhomogeneity	

 Slower trajectory->more displacement	



Field Map Correction	


Nyquist Ghosts	
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Task-Related BOLD fMRI �

Fox and Raichle 2007	

http://defiant.ssc.uwo.ca/Jody_web/fmri4dummies.htm	



Task-Related BOLD fMRI �

http://www.scholarpedia.org/article/Statistical_parametric_mapping_(SPM)	



Functional MRI	

 Cabernet and fMRI	
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Resting-State fMRI �

http://www.youtube.com/watch?v=VaQ66lDZ-08&feature=plcp	



Resting-State BOLD Connectivity�

Resting State 	


Correlation Map	



Task-Related 	


Motor Activation Map	



Resting State fMRI Signals	


From Left and Right Motor 

Cortices	


	



Default Mode and Attention Networks 

Gusnard et al, Nat Rev. Neuro, 2001;  Fox et al, PNAS 2005	


http://www.newscientist.com/data/images/
archive/2681/26811501.jpg	



Ovadia-Caro S, Nir Y, Soddu A, Ramot M, et al. (2012) Reduction in Inter-Hemispheric Connectivity in Disorders of Consciousness. 
PLoS ONE 7(5): e37238. doi:10.1371/journal.pone.0037238	


http://www.plosone.org/article/info:doi/10.1371/journal.pone.0037238	
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video courtesy of Howard Poizner	



Buckner et al, J. Neuroscience, 2009	

 Buckner et al, J. Neuroscience, 2009	
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Zeng L et al. Brain 2012;135:1498-1507 
Craddock et al, HBM 2012  Goulas et al, Jneuroscience, 2012 

Connectome Protocol:	


8 simultaneous slices	


2 mm isotropic resolution	


TR 720 ms;  TE = 32 ms	
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Nova 32 channel	



Real-Time fMRI	



http://www.brainmapping.org/MarkCohen/research/RTfMRI.html	



Caria et al, NIMG 2007	


J. Clarke, UC Berkeley	
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J. Clarke, UC Berkeley	

 J. Clarke, UC Berkeley	



Seeley et al, JMR 2004	

 Seeley et al, JMR 2004	
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Compressed Sensing	



FT 

↓ 

Randomly throw 
away 83% of 

samples 

* E.J. Candes, J. Romberg and T. Tao. 
Slide Credit: http://www.stanford.edu/~mlustig/	



Compressed Sensing	


FT 

↓ 

Minimum - norm 
conventional linear 

reconstruction!

Min. Total Variation 
(TV) 

A convex non-linear 
reconstruction!

* E.J. Candes, J. Romberg and T. Tao. 

Slide Credit: http://www.stanford.edu/~mlustig/	




