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Task-Related BOLD fMRI


Fox and Raichle 2007	http://defiant.ssc.uwo.ca/Jody_web/fmri4dummies.htm	
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BOLD Signal Change
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R2* Depends on dHB


time
0	 TE


Some dHB, Some 
dephasing


More dHB, More 
dephasing, 
Decrease in MR 
signal.

Higher R2

*


Oxygen binds to the iron atoms to 
form oxyhemoglobin HbO2


Release of O2  to tissue results in 
deoxyhemoglobin dHBO2
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�
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 
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Functional MRI	

TT. Liu, BE280A, UCSD Fall 2015	

Cabernet and fMRI	
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Vision Reconstruction 

http://www.youtube.com/watch?v=6FsH7RK1S2E	
TT. Liu, BE280A, UCSD Fall 2015	

Real-Time fMRI	

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

TT. Liu, BE280A, UCSD Fall 2015	Weiskopf et al, Magn. Reson. Imaging, 2007  	

Real-time fMRI	
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Resting-State fMRI


Fox and Raichle 2005; http://www.youtube.com/watch?v=VaQ66lDZ-08&feature=plcp	
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Resting-State BOLD Connectivity


Resting State 	
Correlation Map	

Task-Related 	
Motor Activation Map	

Resting State fMRI Signals	
From Left and Right Motor 

Cortices	
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Functional connectivity maps for representative subject	

Rest	

Activation Map	

Rest	

Rack-Gomer et al 2008;	
Mednick et al 2008	
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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	 TT. Liu, BE280A, UCSD Fall 2015	

Functional Brain Architecture�



Smith et al, PNAS 2009	
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TT. Liu, BE280A, UCSD Fall 2015	video courtesy of Howard Poizner	Wong et al, PLOS One, 2014	 TT. Liu, BE280A, UCSD Fall 2015	
http://scimaps.org/maps/map/the_human_connectome_115/	
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Noise and SNR	

Prince and Links 2005	

SNR∝ Signal
σ n

∝ Measurement  Time ⋅Voxel  Volume ⋅ f (ρ,T1,T2 )

Consider going from 2 mm isotropic resolution to 1 mm isotropic 
resolution.  Volume goes down by a factor of 8.   To maintain the 
same SNR we would need to scan 64 times as long!  (This assumes  
noise is dominated by thermal noise.  In some cases (e.g. fMRI), 
physiological noise dominates for many typical protocols and the 
decrease in SNR is not necessarily as steep ). 	
	 TT. Liu, BE280A, UCSD Fall 2015	
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TT. Liu, BE280A, UCSD Fall 2015	 Deshmane et al 2012	 TT. Liu, BE280A, UCSD Fall 2015	 Deshmane et al 2012	
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Nova 32 channel	

TT. Liu, BE280A, UCSD Fall 2015	

Compressed Sensing	

FT 

↓ 

Randomly throw 
away 83% of 

samples 

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

TT. Liu, BE280A, UCSD Fall 2015	
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Two-dimensional imaging in a 
lightweight portable MRI 
scanner without gradient coils	
Cooley et al, MRM 2014	

TT. Liu, BE280A, UCSD Fall 2015	

∫ × dV	

∫ × dV	

TT. Liu, BE280A, UCSD Fall 2015	
Hanson 2009	
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Integration of the signal	

http://www.healthcare.philips.com/pwc_hc/main/shared/Assets/Images/MRI/coils/oa_coils_main_en.jpg	

http://www.microwavejournal.com/legacy_assets/images/7842_Figure2.jpg	
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Seeley et al, JMR 2004	
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Seeley et al, JMR 2004	
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Ultrasound and Fourier Transforms	

Sources:Mayo Clinic and wikipedia	 TT. Liu, BE280A, UCSD Fall 2015	

Square Aperture Diffraction	

Source:wikipedia	
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Example	

Anderson and Trahey 2000	
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Sidelobes	

Question: What should we do to reduce the sidelobes? 	

TT. Liu, BE280A, UCSD Fall 2015	

PW Doppler	

http://www.centrus.com.br/DiplomaFMF/SeriesFMF/doppler/capitulos-htmłchapter_01.htm	

TT. Liu, BE280A, UCSD Fall 2015	 Siemens Medical Systems; jnormal common carotid artery	 TT. Liu, BE280A, UCSD Fall 2015	

Aliasing	

€ 

Measure Doppler shifts at a specified range
For unambiguous range, one pulse at a time.

TPR =
2rmax

c
  (e.g. 200 usec for 15 cm depth)

To avoid aliasing require
1

TPR

> 2Δfmax

Δf	-Δf	
*	

1/TPR	
=	

Δf	-Δf	

Aliased	
Δf	-Δf	
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Aliasing	

http://www.centrus.com.br/DiplomaFMF/SeriesFMF/doppler/capitulos-htmłchapter_01.htm	

TT. Liu, BE280A, UCSD Fall 2015	

Aliasing	

http://www.centrus.com.br/DiplomaFMF/SeriesFMF/doppler/capitulos-htmłchapter_01.htm	
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Functional NeuroImaging 

Friston, 2010, 
Science 

NIRS	

TT. Liu, BE280A, UCSD Fall 2015	

Photoacoustic Imaging	


