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World’s largest MRI: 10.5 T
CMRR: First fMRI Studies in the World



World’s largest MRI: 10.5 T







Robotic TMS for Circuit Engagement



Match the Definitions

A. Finding something that already exists in 

nature or reality but was previously 
unknown.

B. Creating a new device, process, or 
method that has never existed before

C. The ability to generate original and 
valuable ideas or concepts.

D. Improving or applying inventions and 

ideas in ways that create practical 
value, impact, or widespread adoption.

1. Discovery: 

2. Creativity: 

3. Invention: 

4. Innovation:



Match the Definitions

A. Finding something that already exists in 
nature or reality but was previously 
unknown.

B. Creating a new device, process, or 
method that has never existed before, 
often by applying creativity.

C. The ability to generate original and 
valuable ideas or concepts.

D. Improving or applying inventions and 
ideas in ways that create practical value, 
impact, or widespread adoption.

•Discovery: A 

•Creativity: C

• Invention: B 

• Innovation: 

D
Discovery is finding what exists, creativity is imagining what could exist, invention is making it real for the first 

time, and innovation is applying it to create value in the world.



Potential Fields of Innovative Solutions in Addiction Medicine

1. Biotechnology and Neuroscience Innovations
(Neurostimulation Devices), (Neurofeedback), 

(Genetic & Epigenetic Predictive Tools)



2. Pharmacological and Pharmaceutical Innovations
(Long-acting Medications), (Drug Delivery Systems),

(Novel Withdrawal Management Medications),
(Take-home Naloxone), (Personalized Pharmacotherapy) 

3. Digital Health and Telemedicine
(Teletherapy & Telemedicine), (Apps for Recovery 

Support), (Wearable Technology), (AI-driven Chatbots)

5. Virtual Reality (VR) & Augmented Reality (AR)
(VR Exposure Therapy), (VR-based CBT), 

(AR for Skill Training)

4. Behavioral and Psychosocial Innovation
(CBT integration with AI), (Mindfulness & Meditation 

Apps), (Virtual Peer-support Networks)

8. Behavioral Economics & Incentive-Based Treatment
(Contingency Management Programs),

(Cryptocurrency-Based Rewards)

7. Cultural and Social Innovation
(Localized Recovery Models), (Community-Based 

Recovery), (Occupational Skills Training based on Market 
Needs), (Selecting Preventive Interventions)

6. Blockchain for Patient Data
(Secure Medical Records), (Smart Contracts for Treatment 

Compliance), (Blockchain for Addiction Recovery)

9. Integrated Care Models
(Collaborative Care Platforms), (Incarceration Integrated 

Care), (Promoting Referrals for Addiction Treatment)

10. Workforce and Training Innovations
(Virtual Training for Healthcare Providers), (Interactive 

Certification and Education Platforms)
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1. Biotechnology and Neuroscience Innovations
(Neurostimulation Devices), (Neurofeedback), 

(Genetic & Epigenetic Predictive Tools)
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Invention of Circuit-based Therapeutics
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Frontoparietal Stimulation
With Transcranial Alternating Current Stimulation (tACS)



Frontoparietal Stimulation
With Transcranial Alternating Current Stimulation (tACS)



Frontoparietal Stimulation
With Transcranial Alternating Current Stimulation (tACS)



Network Engagement and Top-Down Regulation



But no changes in subjective craving!





Electrode Placement for the Parietal Node
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Concurrent tES and fMRI



Closing the Loop between tES and fMRI
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Closing the Loop between tES and fMRI



(Soleimani, et al., under preparation)

Closing the Loop between tES and fMRI
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Closing the Loop between tES and fMRI





Home-based Personalized tES



Structural MRI

Task-based fMRI

Before After

Behavioral change

a. Activate desired brain 
regions with a task

b. Find highly activated 
subcortical areas

Desired task paradigm
(e.g., drug cue reactivity)

c. Find cortico-subcortical circuit 
that modulate behavior

d. Find a significant cluster 
connected to the tolerable seed

e. Optimization of the 
stimulation parameter

f. Comparing the simulation 
results with one-size-fits-all

Psychological term: task

PPI = seed time course x task

Seed-to-whole 
brain PPI

Physiological term: seed time series

Functional 
activity in 

response to the 
task

Defining cortical & 
subcortical seed Location: based on a 

robust cluster

Intensity: based on 
harmonizing EF strength 

across the population

Orientation: based on 
maximal EF in 

individualized target

Seed-to-whole 
brain PPI results

Simulation 
results with 
optimized 

parameters

Simulation results with fixed 
parametersFp1 Fp2

STIM-GUI

https://github.com/SoleimaniGhazaleh/fmri-guided-TMS-GUI

Personalized fMRI informed TMS Pipeline





Examples in the Field of Addiction Medicine
• Neuroscientists identified the executive 

control network (ECN) in the brain and its 
role in regulating drug craving.

• Researchers proposed that enhancing 
ECN connectivity might help people resist 
cravings when vulnerable.

• Engineers developed transcranial 
electrical stimulation (tES) devices
designed to boost ECN connectivity.

• Clinicians implemented portable tES 
devices for use during moments of craving 
when therapists are unavailable, helping 
prevent relapse or overdose in real-world 
settings.

•Discovery:

•Creativity: 

• Invention:  

• Innovation: 



Potential Fields of Innovative Solutions in Addiction Medicine

1. Biotechnology and Neuroscience Innovations
(Neurostimulation Devices), (Neurofeedback), 

(Genetic & Epigenetic Predictive Tools)



2. Pharmacological and Pharmaceutical Innovations
(Long-acting Medications), (Drug Delivery Systems),

(Novel Withdrawal Management Medications),
(Take-home Naloxone), (Personalized Pharmacotherapy) 

3. Digital Health and Telemedicine
(Teletherapy & Telemedicine), (Apps for Recovery 

Support), (Wearable Technology), (AI-driven Chatbots)

5. Virtual Reality (VR) & Augmented Reality (AR)
(VR Exposure Therapy), (VR-based CBT), 

(AR for Skill Training)

4. Behavioral and Psychosocial Innovation
(CBT integration with AI), (Mindfulness & Meditation 

Apps), (Virtual Peer-support Networks)

8. Behavioral Economics & Incentive-Based Treatment
(Contingency Management Programs),

(Cryptocurrency-Based Rewards)

7. Cultural and Social Innovation
(Localized Recovery Models), (Community-Based 

Recovery), (Occupational Skills Training based on Market 
Needs), (Selecting Preventive Interventions)

6. Blockchain for Patient Data
(Secure Medical Records), (Smart Contracts for Treatment 

Compliance), (Blockchain for Addiction Recovery)

9. Integrated Care Models
(Collaborative Care Platforms), (Incarceration Integrated 

Care), (Promoting Referrals for Addiction Treatment)

10. Workforce and Training Innovations
(Virtual Training for Healthcare Providers), (Interactive 

Certification and Education Platforms)

Potential Fields of Innovative Solutions in Addiction Medicine

1. Biotechnology and Neuroscience Innovations
(Neurostimulation Devices), (Neurofeedback), 

(Genetic & Epigenetic Predictive Tools)



Anton Basenko 
(International Network of People Who Use Drugs (INPUD)) 
Role of People with Lived Experience in Driving Addiction 

Treatment Innovation



Community and Neuromodulation

One Flew Over the Cuckoo's Nest



Anton Basenko 
(International Network of People Who Use Drugs (INPUD)) 
Role of People with Lived Experience in Driving Addiction 

Treatment Innovation

“Nothing about us without us” 





Treatment Packages in Recovery Centers

• Peer-support classic manuals (1930s–1950s)
• Alcoholics Anonymous (“Big Book”, first published 1939). 

• Behavioral/recovery models (1970s–1990s)
• Community Reinforcement / CRAFT (late 1970s). 

• Relapse Prevention / Marlatt model (1980s)

• Motivational Interviewing (introduced 1983; first book 1991)

• Manualized, evidence-based treatment manuals (1990s–2010s)
• Seeking Safety (manual for co-occurring PTSD and substance use), main 

manual published 2002. 

• Matrix Model (treatment for stimulant use) (2006).

• Some manuals have newer editions, adaptations, or implementation packages.



Minnesota Department of Human Services: 

Approximately 290,000 Minnesotans are 
currently in need of treatment for substance 

use disorders

In Minnesota, in 403 substance abuse treatment facilities, a total of 20,779 clients 
received substance abuse treatment in 2019



Needs define the “why”, 
while discovery, creativity, invention, and innovation describe 
the “how” of moving knowledge into real-world solutions.



2. Withdrawal Management & Craving Control
(Safe and effective tools (medications and devices) to 

help patients through detox and reduce cravings, 
preventing relapse.

3. Access to Comprehensive Treatment
(Easy, affordable, and timely access to services, including 

medication and device-based therapies.

5. Integrated Mental Health & Addiction Care
(Address co-occurring psychiatric and substance use 

disorders together.)

4. Overdose Prevention & Harm Reduction
(Community strategies to reduce drug-induced toxicity, 

promote harm reduction and overdose deaths.

8. Family & Caregiver Support
(Families need education, resources, and coping 

strategies.)

7. Stigma Reduction & Recovery-Friendly Communities
(Overcome stigma that prevents care-seeking and 

reintegration in various levels, i.e., patients, caregivers 
and treatment providers)

6. Continuity of Care & Relapse Prevention
(Ongoing support after initial treatment to prevent 

relapse and support social reintegration.)

9. Workforce & Training Enhancement
(More providers skilled in both psychosocial care and use 

of new medications/devices.)

10. Equity, Cultural, and Social Needs
(Care tailored to diverse populations and structural 

barriers while considering occupational skills training)

Major Areas of Needs for Innovative Solutions in Addiction Medicine

1. Early Identification & Preventive Screening
(Catch substance use risk factors and emerging problems 

early to prevent progression.) 



Anton Basenko 
(International Network of People Who Use Drugs (INPUD)) 
Role of People with Lived Experience in Driving Addiction 

Treatment Innovation
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Co-Development of Brain Empowerment for 
Addiction Treatment (BEAT) Program with 

Recovery Communities
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Co-Development of Brain Empowerment for 
Addiction Treatment (BEAT) Program with 

Recovery Communities



Have you heard these terms?

• Machine learning

• Deep Learning

• ANN: Artificial Neural Networks

• LLM: Large Language Models

• Foundation Models

• Digital Twin Brains

• ChatGPT

How these advances in AI will change the way we use Neuroimaging in Addiction Treatment? 



Artificial Intelligence (AI)

Have you heard these terms?



Artificial Intelligence (AI)

Machine Learning (ML)

Deep Learning (DL)

Foundation Models (FM)

LLM Vision Models Audio Models

Science FM

Brain FMProtein FM

Have you heard these terms?

ChatGPT NeuroSTORM



https://arxiv.org/abs/2503.00580



https://arxiv.org/abs/2503.00580



https://arxiv.org/abs/2503.00580



https://arxiv.org/abs/2503.00580



NeuroSTORM
Neuroimaging Foundation Model with Spatial-Temporal Optimized and Rpresentation Modeling

https://arxiv.org/abs/2506.11167



NeuroSTORM: Neuroimaging Foundation Model with Spatial-Temporal Optimized and Representation Modeling

https://arxiv.org/abs/2506.11167



NeuroSTORM: Neuroimaging Foundation Model with Spatial-Temporal Optimized and Representation Modeling

https://arxiv.org/abs/2506.11167



NeuroSTORM: Neuroimaging Foundation Model with Spatial-Temporal Optimized and Representation Modeling



Multi Level Data Fusion

(Guo, et al, 2025)







Take Home Notes

My Slides

1. Discovery–creativity–invention–innovation chain

2. Addiction Neuroscience in discovery–creativity–invention–innovation

3. Gaps and Needs to start Innovations

4. Needs define the “why”
5. Discovery, creativity, invention, and innovation describe the “how”

6. Huge gaps and needs in addiction medicine

7. Voices to be heard: Talk to Stakeholders

8. People with Lived or Living Experience: “Nothing about us without us”

9. Co-Innovation and Co-Development

10. Great Opportunities to Make Impacts
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Needs define the “why”, 
while discovery, creativity, invention, and innovation describe 
the “how” of moving knowledge into real-world solutions.

• Community needs are the anchor and driver: They identify the real 
problems people face (e.g., relapse risk when craving is high but no 
therapist is available).

• Discovery can be guided by these needs (scientists may explore brain 
networks precisely because addiction is such a burden), but sometimes 
discovery happens first and the need later “pulls” it into relevance.

• Creativity translates the gap between what’s known (discovery) and 
what’s needed (problem in the community) into potential ideas.

• Invention responds to the need by turning those ideas into tangible 
solutions (e.g., tES devices).

• Innovation ensures those solutions are implemented in the community in 
ways that actually reduce harm, improve access, or change outcomes.



Receptor

Enzyme

Innovative Molecular Targets for Opioid Use Disorder
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Opioid Molecules

Ion Channel

Companies Involved with
Innovative Molecular Targets for Opioid Use Disorder
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