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Goals

ÅMy journey ïhow did I get here!

ÅWhat I do in my lab

ÅSome other important things we are doing at MIDB
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Brain MRI
Development of Brain Networks

My Journey
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OHSU!

My Journey



Started my laboratory in 2011 and this is where I was going to solve all 

the worlds problems, ADHD, ASDé

é All by myself

My Journey
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But the science was stuck. My discoveries outside of the press were not having an 

impact. 

It takes 17 years minimum for any scientific discovery to make it into the hands of 

patients, the people. 

It just takes more hands, more expertise, more brains. I have to turn the button off to 

someone ïyou need a collaboratory .

My Journey
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A destination for child and adolescent brain health

The MIDB is designed to capitalize on the most sensitive periods of brain 

development in a personôs lifeïthe first 1,000 days and adolescenceïand to 

promote brain health throughout the lifespan. 

The Masonic Institute for the Developing Brain has the goal of advancing brain 

health from the earliest stages of development across the lifespan, supporting 

each personôs journey as a valued community member.

Masonic Institute for the Developing Brain (MIDB)
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Breaking out of our ñCognitive Boxò

Human Cognition Preclinical Models

Policy Advocates

Engineering Informatics

Business 

leaders
Rehabilitation

Health Care 

Systems

Masonic Institute for the Developing Brain (MIDB)



Maximizing information flow
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Service Hubs

Masonic Institute for the Developing Brain (MIDB)



ACCELERATED ENGAGEMENT OF SERVICE HUBS

250+ Projects spanning 

80 departments across three 

University of Minnesota campuses

> $70M in funded grants

Masonic Institute for the Developing Brain (MIDB)



Community Center and Novel 
Therapies to Treat 
Depression

MIDB-hosted Creativity Camps presented The World Inside You , an 
exhibition of artwork at the Weisman Art Museum. This program is aimed at 
assisting youth with depression, is growing in popularity, and is being 
considered to be expanded into a specialized school for youth with mood 
disorders.



Examples of Brain Sciences and the Arts



Jersey

Examples of creative ways to provide care
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TeleOutreach Center & Service Hub

Extending and Expanding the Impact of 

Research, Training, and Technical 

Assistance 
Å Remote procedures to engage across geographic locations,

Å Extend access to specialists, 

Å Develop capacity through training and fellowship,

Å Innovate flexible care delivery models to overcome barriers to service access.

Impact 
Å 94 trainings/presentations to 4532 attendees, 241 children and families, 

engaged with 57% of MN counties, fulfilled 31 research service requests, 

received or supported 14 awarded grants/contracts totaling over $10 million in 

funding.

Inclusion in 
research

Customized 
telehealth suites

Training & 
Resources 

Extend impact 
across MN
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Biswal et al, (1995)

Finger Tapping Rest

Resting-state Functional Connectivity 

Bharat Biswal



Resting-state Functional Connectivity 

Salience Network Default Network Fronto -Parietal Network Action Mode Network

Interoception/Salience Rumination/Mentalizing
Attention, Anxiety, Task level control 

Executive functions, Action Planning

Dosenbach et al, PNAS, 2007, Fair et al, PNAS, 2007; Dosenbach, Fair, TICS, 2008, Seely et al, J Neurosci, 2006 



Gordon et al, Nature, 2023

Somato-Cognitive Action Network 
(SCAN)



Somato-Cognitive Action Network 
(SCAN)

Penfieldôs Homunculus (1948)Integrate -Isolate model (2022)

Gordon et al, Nature, 2023



The Average 
Laumann et al. (2015) Neuron



Nobody is Average, right?
Above

AboveBelow

The Average

Damien Fair Michael Rodriguez



Personalized Networks in 200 Adolescent brains

Hermosillo et al, Nature Neuro, 2023

Precision Functional Mapping (PFM)
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Darrow et al, in prep

ÅChronic pain is defined as pain persisting for over three months. 

Å It is a pervasive health issue affecting approximately 21% of the 

global adult population. 

ÅAnd approximately 11-40% of adults in the United States 

Å It is one of the most debilitating health conditions in the world

ÅNeuropathic pain is a consequence of damage or disease 

affecting the somatosensory nervous system

ÅAs opposed to the treatment of traditional nociceptive pain, 

neuropathic pain syndromes are highly resistant to 

pharmacological treatments and affects individuals of all ages

Use Case # 1 - 2024

A pacemaker for the brain - PACE



This dearth of treatments, along with the desperation of patients and families, has also led to 

the over prescription and misuse of opioids, contributing to the opioid crisis in adults, and 

even children. 

Darrow et al, in prep

Use Case # 1 - 2024

A pacemaker for the brain - PACE



Use Case # 1 - 2024

Personalized Adaptive Cortical Electro-Stimulation 
(PACE) therapy for Chronic Pain



ÅOver the past 30 years, motor 

cortex stimulation (MCS) has seen 

periods of enthusiasm due to its 

potent effect on central neuropathic 

pain

ÅThe rise in MCS followed the 

realization that stimulating the 

somatosensory cortex was, 

surprisingly, ineffective and even 

worsened pain in some instances.

ÅRelief is highly variable

ÅNo understanding of the 

mechanism

Use Case # 1 - 2024

Personalized Adaptive Cortical Electro-Stimulation 
(PACE) therapy for Chronic Pain



Why do we feel pain?
Use Case # 1 - 2024

Personalized Adaptive Cortical Electro-Stimulation 
(PACE) therapy for Chronic Pain



Use Case # 1 - 2024

Penfieldôs Homunculus (1948)Integrate -Isolate model (2022)

Personalized Adaptive Cortical Electro-Stimulation 
(PACE) therapy for Chronic Pain



A pacemaker for the brain - PACE

Use Case # 1 - 2024

A military veteran in his late 60s initially developed classic trigeminal neuralgia in the mid-2000s. Within the first year, 

he underwent several interventions including the sectioning of the trigeminal nerve. He was referred for consideration 

of direct cortical stimulation using precision mapping and PACE. 
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A pacemaker for the brain - PACE

Use Case # 1 - 2024

A military veteran in his late 60s initially developed classic trigeminal neuralgia in the mid-2000s. Within the first year, 

he underwent several interventions including the sectioning of the trigeminal nerve. He was referred for consideration 

of direct cortical stimulation using precision mapping and PACE. 

Immediately after the turning on his stimulator or pacemaker he had his pain reduced from a constant 9/10 to a 

2/10 instantaneously. Turning the device on and off caused the pain to disappear and return multiple times. 

ñFeeling Happy after 18 yearsò



A pacemaker for the brain - PACE



A pacemaker for the brain - PACE



Treatment Resistant Depression (TRD)

* In the US alone, close to 3 million individuals live with treatment-

resistant depression (TRD) in any given year. 

* The high rates of relapse and worsening course of illness leads 

to significant morbidity, high cost-utilizations, and often ends in 

suicide.

Use Case # 2 - 2024



Resting-state Functional Connectivity 

Salience Network Default Network Fronto -Parietal Network Action Mode Network

Interoception/Salience Rumination/Mentalizing
Attention, Anxiety, Task level control 

Executive functions, Action Planning

Use Case # 2 - 2024



Treatment Resistant Depression (TRD)

ÅMike is a 44-year-old divorced male with a long history of

difficult-to-treat depression and PTSD (>30 years).

ÅHis first hospitalization at the age of 13.

ÅMikeôsnarrative of his illness is remarkable for frequent

psychiatric hospitalizations in his 20ôsand 30ôs,over 20

psychotropic medication trials and 3 courses of ECT which

left him with cognitive impairment.

ÅTwice, he came close of dying from a suicide attempt. The

most recent was in 2019, when his attempt to asphyxiate

himself in his car while sedated by sedatives was interrupted

by the sheriff. An earlier attempt was interrupted only

because the gun jammed.

David Darrow Tay Netoff

Rachel Johnson

Robert Hermosillo

Ziad Nahas

Use Case # 2 - 2024



50

Joy

Post-surgical testing

Use Case # 2 - 2024
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A symphony of at home stimulation

Use Case # 2 - 2024
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A symphony of at home stimulation

Use Case # 2 - 2024

Amy Esler

Jed Elison Meghan Swanson



Å With the right conditions fMRI and connectivity MRI can be highly reliable with very large within subject effects

Å Studies to monitor efficacy of interventions, for network  targeting (e.g., in neuromoduation), or characterizing 

detailed aspects of the neurophysiology as part of scientific discovery are all attainable in small samples with 

PFM.

Å Now that we understand the parameters on how to conduct reliable, replicable, studies of this sort, discovery and 

application are going to accelerate significantly over the next decade across all ages.

Å We do feel cautiously confident that we may have uncovered a model of cortical pain modulation that has 

implications for non-medicinal management of some chronic pain syndromes, and that success in other domains 

(e.g., depression) are highlighting that precision targeting for neuromodulation for pain syndromes are prime for 

exploration. 

Conclusions


