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What’s Next for fMRI?





• Technology is more sophisticated, powerful, and stable
• Image quality and temporal stability have improved
• FMRI is generally easier to implement
• More standardization in acquisition, processing, and display 
• Multivariate decoding, encoding, pattern effect mapping, machine 

learning, cross subject correlation, and dynamic resting state 
connectivity analyses have opened up new insights and directions.

• Artifacts are more easily identified and removed
• Underlying neuronal correlates of fMRI are better established
• Number of groups working with fMRI have increased
• Research applications have increased
• Resting state fMRI has exploded
• Large pooled datasets have catalyzed meta-analysis, transparency, new 

methods, and biomarker discovery
• Individual assessment in fMRI is growing
• Highest resolution and fastest speed (per volume) have increased
• Standard resolution used has increased
• More high field scanners
• More multimodal integration

Where are we now after 26 years?
What has improved…



• Still struggling with subject motion and breathing
• Temporal SNR still limited by physiologic fluctuations
• Still struggling with HRF: spatially variable BOLD latency & magnitude
• Spatial resolution of fMRI has reached a theoretical limit due to 

hemodynamics.
• FMRI is still not used clinically
• Vendors still have not put many resources into fMRI
• Scanners are still loud and confining
• MRI is still extremely expensive
• Still using 2.5 mm3 voxels for most studies
• We don’t understand “connectivity” as inferred by correlation
• We don’t understand source of resting state or biologic purpose that 

resting state serves
• Shimming is still an issue
• Db/dt limit is still an issue

Where are we now after 26 years?
What has not improved…



• Increased clinical impact as we equate fMRI measures with individual behavior 
and physiology

• Increased vendor attention and cutting edge products.
• More detail and potentially a qualitative jump as column, layer, and pattern 

effect mapping grow: connectivity and activation mapping
• Improved noise characterization and removal
• Computational models will have an increased role
• Insights into fMRI mechanisms through animal models and multimodal 

assessment
• Standardized Parcellation for single subject comparisons
• Increase in well curated naturalistic task data.  Naturalistic task database? 
• Growth in real time fMRI and neurofeedback
• Reintroduction in local gradient coils.
• Increased embedded contrast (fingerprinting) sequences
• Explosion of deep learning on all things MRI and fMRI
• Growth in neuromodulation studies
• Increased longitudinal databases for predictive biomarkers discovery
• RF coils: more elements, smaller, embedded?
• Re-analysis of old data
• New MRI technology will permeate fMRI: compressed sensing, fingerprinting, 

etc..

Where are we going?



• Sub – mm functional resolution for whole brain
• Simultaneous flow, BOLD, volume with multi-echo  - will be standard
• Hemodynamic latency spread issue will have effective calibration
• Motion and breathing is solvable
• Cross vendor, scanner, upgrade calibration is solvable  
• Layer specific cross subject registration – better layer analysis pipeline
• Detailed cross subject functional registration will be more common
• Shimming is solvable
• Quantitative baseline fMRI- based metabolic rate mapping
• Individual subject fMRI-based “stress-test” will be standard in clinic
• Standardized processing pipelines for clinical use and for large databases
• Real time fMRI for therapy
• Silent fMRI sequences – or better noise cancellation
• Cryogen-free scanners up to 7T 
• Massive cross disease, cross modality databases
• Longitudinal databases
• Studies using naturalistic paradigms will rapidly grow
• There will grow a tension between deep learning approaches and standard 

processing. 
• Other contrasts? Neuronal current, CMRO2, elastography, pH, diffusion
• Basis and purpose of resting state signal will be solved. 
• Time series will contain only fMRI signal and thermal noise – physiologic 

fluctuations will be solved.
• Correlation as it relates to connectivity will be determined to be a bigger issue 

than currently thought

Ultimate fMRI limits?



• Room temperature superconductors
• New robust direct neuronal contrast mechanism is discovered
• One powerful and unique clinical application of fMRI
• Any proof that MRI is either therapeutic or dangerous
• Proof that layer dependent fMRI can discern causality
• Breakthrough in function-specific contrast agents (labelled agents or 

nano-particles)

What could change everything?



Methodology

Interpretation Applications

Technology

Magnet
RF Coils
Gradients
Pulse Sequences

Paradigm Design
Pre and Post Processing
Subject Interface
Data Display and Comparison

Increases
Decreases
Dynamics
Locations
Fluctuations

Neuroscience
Physiology
Genetics
Clinical (diagnosis, prediction, therapy)
Lie Detection
Military
Marketing
Entertainment



Thank you!
• Attendees
• Speakers
• Roark Maccado & Dorian Van Tassell



We welcome any suggestions for next year….

bandettini@nih.gov



The End


