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Real-time fMRI Neurofeedback
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Why Resting Cerebral Perfusion
Resting perfusion represents the required glucose consumption to sustain 

constant brain processes

− Agreement between 3D pcASL and 15O-water PET in older individuals1

– High reliability in 3D pcASL measurements in young and older individuals1

Resting glucose consumption can inform us of changes induced from closed-

loop endogenous neuromodulation

1Xu et al. (2010). NMR Biomed. 23, 286-293. doi: 10.1002/nbm.1462



Experimental Methods
27 Healthy Participants

– Written informed consent obtained prior to any experimental procedures

Grouping

Experimental Group (EXP)

– n = 18 (mean age 23.2 ± 1.1 years, 11 males)

– Supplied real neurofeedback from the Primary Auditory Cortex (A1)

Control Group (CON)

– n = 9 (mean age 24.4 ± 2.5 years, 4 males)

– Supplied sham neurofeedback
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Experimental Methods (cont.)

6



Experimental Methods (cont.)
Neural Assessment consisted of:

– Resting-state fMRI (5-mins)

– Sternberg fMRI (6-mins)

– Auditory fMRI (5-mins)

– Resting Arterial Spin Labeling (5-mins)

• Default psuedo-continuous labeling and a 3D spiral readout with 8 

arms1

• 3 tag/control pairs

1Alsop et al. (2015). Magn. Reson. Med. 73(1), 102-16. doi: 10.1002/mrm.25197
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Experimental Methods (cont.)

Neurofeedback Training
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Results
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Combined

EXP

CON

2x5 repeated measures 

ANOVA evaluated VOI size 

across sessions and groups

− No significant effects 

were observed

− Cumulative average 

VOI size was 1490mm3

± 283.15mm3



Results (cont.)
• Computed average ROI deactivation during neurofeedback for each session 

and run

• Performed a 2x5x2 repeated measures ANOVA

Source 

Type III Sum 

of Squares df 

Mean 

Square F 

Sig.  

(one-tailed) 

Partial Eta 

Squared 

Observed 

Power 

Intercept 22.381 1 22.381 6.073 .011 .195 .659 

Group 14.524 1 14.524 3.941 .029 .136 .480 

Error 92.135 25 3.685     
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Factor 

Type III Sum 

of Squares df 

Mean 

Square F 

Sig.  

(one-tailed) 

Partial Eta 

Squared 

Observed 

Power 

Session 59.395 4 14.849 2.702 .0175 .098 .731 

Session * Group 20.447 4 5.112 .930 .225 .036 .286 

Run .933 1 .933 .338 .283 .013 .087 

Run * Group 2.506 1 2.506 .908 .175 .035 .150 

Session * Run 11.377 4 2.844 1.772 .070 .066 .524 

Session * Run * 

Group 

6.121 4 1.530 .953 .218 .037 .292 
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Results (cont.)
Computed the change in CBF from Session 1 pre-NFT to Session 5 

post-NFT

Used a permutation approach to conduct voxel-wise unpaired t tests 

to investigate the GROUP by SESSION effect on steady-state 

cerebral perfusion

– 1,000,000 permutations

Cluster-corrected for family-wise error using a threshold of Z > 1.76 

and p < 0.051

11

1Worsley (2001). Functional MRI: An Introduction to Methods, 251-270



Results (cont.)
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Results (cont.)
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Conclusion
Utilized real-time fMRI neurofeedback to train control over the primary auditory 

cortex

Assessed resting cerebral perfusion prior to and following neurofeedback 

training 

Determined significant differential changes in resting perfusion occur between 

real and sham neurofeedback

– Perfusion increased with real neurofeedback

– Perfusion decreased with sham neurofeedback

These results suggest real-time fMRI neurofeedback may augment resting 

glucose metabolism 
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