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Anterior Cingulate Cortex

Voxels of interest (VOIs)

Theoretical framework
Koob & Volkow (NEJM, 2016) 

CUE-INDUCED CRAVING



fMRI-neurofeedback system
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fMRI-neurofeedback system



Experimental design

Functional localiser fMRI_neurofeedback
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Feedback Signal Characteristics

1. Confound Regression and Denoising

2. Weighted Sliding Window for Signal Stability

A =  0.5 𝑉𝑖 + 0.25 𝑉𝑖−1 + 0.125 𝑉𝑖−2 + 𝑉𝑖−3

𝑉𝑖 represents the current TR percent signal change (PSC), and 𝑉𝑖−1 , 𝑉𝑖−2 and 𝑉𝑖−3 are PSC values from the preceding 

three TRs

Denoised VOIs (CSF regressed out)

Final feedback value
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BOLD signal

Real-time Neuromodulation Signal

Regional Specification Level
= 

The degree to which BOLD activity during regulation was explained by the neuromodulation signal 

Greater positive beta value => Higher region specificity of the feedback signal



Region specificity of the neuromodulation signal

Whole brain voxel-based ROI-based



Screening and face-to-face assessment

Participants

• N = 10 (6 female, 4 male)

• Mean age = 23 (2.5)

• Moderate – Severe Cannabis Use Disorder 

Inclusion criteria

• Age 18 to 55 years;

• Normal -to-corrected vision;

• Fluent in English

• Able to attend testing at Melbourne Brain Centre (MBCIU), Parkville

• Abstain from drugs (except nicotine) for >12 hrs before testing

• Daily/almost daily cannabis use for >12 months

• Meet criteria for moderate-to-severe CUD (SCID-5-RV, ≥4 symptoms)

• ≥1 attempt to reduce/quit cannabis in past 12 months



Screening and face-to-face assessment



Experimental design

Functional localiser fMRI_neurofeedback



VOIs Mask Characteristics

Individualized ACC neurofeedback masks

• Functionally defined from Cannabis > Neutral contrast in cue-reactivity localizer scan

• Threshold: t > 2.0

Mask size variability

• Mean: 830.5 voxels (SD = 716.7)

• Across 10 participants

Common activation sites (n = 8)

• Dorsal ACC: MNI [1, 15, 28]

• Pregenual ACC: MNI [3, 47, 11]



Whole brain analysis
Functional localiser



Whole brain analysis
fMRI_neurofeedback
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Activation of VOIs 
        Upregulation vs Neutral

P = 0 .007 
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P = 0 .019 
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