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Number of newly-diagnosed people per year.
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• Depression… Huge (and growing) numbers suffer from mental illness 
• Stroke… Increased focus on early detection, prevention of risk
• Alzheimer’s Disease… Phase III clinical trials on disease modifying drugs
• Headache, numbness, etc. … MRI used for diagnostic decisions – not always first line

Neuro MRI Growth Trends

Courtesy: Scott Hinks (GE Medical Systems)



Clinical Use of MRI

Large effect size
Radiologist can essentially look at a single unprocessed scan and make a diagnosis.



What can we see in an individual with fMRI?

• Activation (on or off)

• Modulations in activation

• Patterns of activation that are correlated with behavior, 
perception, conscious state, intrinsic state, intent, etc..



Clinically, Anatomic MRI has been extremely successful 
where fMRI has made almost no inroads. 

Why? 

• Several processing steps
• Small effect size to noise
• Many potential artifacts



MRI is exquisitely sensitive to individual traits

Comparisons of MRI-derived information vs. behavioral information





Finn et al. Nat Neurosci. 2015 November ; 18(11): 1664–1671. doi:10.1038/nn.4135. 
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2011

Dorsal striatum

BOLD magnitude in dorsal striatum predicts video game learning success



Biol Psychiatry 2011: 70: 866-872



Dynamic States: Schizophrenia vs Controls

E. Damaraju, J. Turner, A. Preda, T. Van Erp, D. Mathalon, J. M. Ford, S. Potkin, and V. D. Calhoun, "Static and dynamic functional 
network connectivity during resting state in schizophrenia," in American College of Neuropsychopharmacology, Hollywood, CA, 2012.

Putamen - Sensorimotor 
hypo-connectivity





Intelligence Personality



Reaction Time

Response Conflict

Speed - Accuracy tradeoff ability



Switching between competing percepts

Ability to see illusions

Metacognition



Current Procedural Terminology (CPT) Code for fMRI issued in 2007



Current Clinical Applications of fMRI

• Presurgical mapping
• Wada test replacement (Epilepsy)

Issues:

Hemodynamic coupling variability
Veins as false-positives
Motion / Patient motivation
Registration and Landmarks



Potential Clinical Applications
• Disorder/Disease Biomarkers

• Perfusion deficit detection using resting state 

BOLD

• Neurofeedback

• Localization for Neuromodulation (TMS..)

• Assessment of Locked in Patients

• Brain Metabolism/Neurovascular Coupling/Blood 

Oxygenation Assessment

• Perfusion deficit detection using ASL

• Localization of seizure foci

• Clinical Importance of Basic Neuroscience



Biomarkers



The challenge of going from group studies to individual assessment
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Group 1 Group 2

Typical fMRI Studies

Gold standard 
measures are not 
always clear: 
(i.e. DSM-IV?)



Group Differences: Yes
Individual classification >90% accuracy: Still working on it..

Neuronal, Psychiatric, Physiologic Trait:

• Language Dominance
• Intelligence
• Gender
• Sensorimotor
• Personality
• Psychology
• Physiology
• Neurologic
• Developmental 
• Degenerative

A biomarker has been defined as a 
‘‘characteristic that is objectively measured 
and evaluated as an indicator of normal 
biological processes, pathogenic processes, or 
pharmacologic responses to a therapeutic 
intervention’’ 











Elements of a Classification Pipeline

1. Training Data Set.
Scan a very large number of well characterize subjects.

2. Feature extraction from raw data and dimensionality reduction.
Find the most informative features from fMRI, genetics, physiology, and/or anatomy.

3. Model training and optimization. 
Teach an algorithm to use the information to allow differentiation.

4. Application to test data.
Apply the learned rule to new data.
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Perfusion deficit detection using resting state BOLD

Gd-delayGd



Neurofeedback

https://www.upmcphysicianresources.com/-/media/physicianresources/pdf-publications/psychiatry/psychiatry_synergies_winter-
2019_final.pdf?la=en&hash=3DA0A42CFA9EF2327AFEAB1FDFCFBBCA1C689E62



Neurofeedback for Depression



Epilepsy Localization

Thornton, R. C., et al. NeuroImage 53 (1), pp. 196-205 (2010).



Communicating with Locked In Patients

Owen, A. M. et al, Science 313, p. 1402 (2006) 



What is needed for Clinical Implementation

• Streamlined clinical acquisition/processing pipeline

• More attention by vendors

• Just one major clinical application to get it started

• Agreed upon “biomarker” standards


