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Overview 
•
•
•
•
•
 
 

Resting-state fMRI: Intrinsic connectivity networks  
Emotional salience and executive control networks 
Assigning putative functions to ICNs 
Inter-network interactions 
Implications for addiction research 



Resting-State Functional Connectivity 
•
•
•

Brain activity continues in the absence of an externally-cued task 
Brain regions have spontaneous fluctuations in BOLD signal 
A brain region’s “resting” BOLD signal timecourse can be used as 
the regressor 



Resting Motor Cortex Connectivity 

Motor Cortex Defined by ƒMRI Spontaneous Correlations with  
Motor Cortex 

Biswal, et al., Magn Reson Med, 1995 



ROI-Derived Intrinsic Connectivity Networks 

Language: Hampson et al., 2002  
 

Default Mode: Greicius et al., 2003  
 

Motor: Xiong et al., 1999  
 

Executive control and Salience: Seeley et al., 2007  
 



Independent Component Analysis in the 
Detection of Intrinsic Connectivity Networks 

 
•

•
•

Separates fMRI signal into independent 
spatial maps with associated timeseries 
Allows for removal of noisy components  
Reliably extracts several networks, en bloc, 
as independent components 



Default-Mode Network Detected with ICA 



Beckmann et al., Philos Trans R Soc Lond, 2005   



One Task Activation Network, Two ICNs 

Seeley et al., J Neurosci, 2007 



Replication in a Separate Sample Using ICA 

Seeley et al., J Neurosci, 2007 



Behavioral Double Dissociation  

Seeley et al., J Neurosci, 2007 



ECN Correlates with IQ 

Song et al., Neuroimage, 2008 



The Cognitive Control Network 

Bush et al., Trends Cogn Sci, 2000 



The Pain Network 

Singer et al., Science 2004 



The Turgidity Network 

Arnow et al., Brain 2002 



The Autonomic Nervous System Network 

Blood pressure 
during arthimetic 
and exercise tasks 
(PET) 

Critchley et at., J Physiol 2000 



The Autonomic Nervous System Network 

Heart rate  
during 
N-back and 
exercise 

Critchley et al., Brain 2003 



The Autonomic Nervous System Network 

Pupillary response 
during Stroop task 

Critchley et al., Neuroimage 2005 



Network-Based Neurodegeneration Fire Together, Wire Together, Expire Together 

Time (sec) 

Single subject 

S1 S2 S3 S4 S5 S6 S7 
Seeley et al., Neuron, 2009  



Inter-Network Interactions 

Greicius et al., PNAS, 2003 



Inter-Network Interactions 

Fox et al., PNAS, 2005 

Fransson, Hum Brain Mappp, 2005 



Anti-Correlations at the Group Level 
(careful physio correction, no global scaling) 

Chang and Glover, Neuroimage, 2010 



Inter-Network Interactions in Dementia 

Zhou et al., Brain , 2010 



FIND Lab Parcellation (14 ICNs yield 90 ROIs) 



Whole-Brain Functional Connectivity Matrix 



Insular Lesions and Addiction 

Navqi et al., Science, 2007 



Salience Network and Cue-Induced Urges 

Naqvi and Bechara, Trends  Neurosci,  2008 



Network Interactions in Addiction 

Koob and Volkow, Neuropsychopharmacology, 2010 



Imaging ICNs in Addiction 

•
•
•
•
•
 

Brain can be segregated into a 14+ ICNs 
Several potential networks of interest in addiction 
Consider inter- as well as intra-network changes 
Different drugs may alter networks differentially 
Future studies: genetics, plasticity, pharmacology 
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