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When and how does ethanol disrupts
neurodevelopment?




Human brain development is very closely choreographed
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First trimester (gastrulation):

* Impact on the neural tube / neural crest

* Microcephaly, eye defects, facial dysmorphology
» Effects on midline brain structures

Second trimester (neurogenesis):
» Impact on cell proliferation
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« Abnormal migration of neurons (including cortical e R R e
neurons) o ]
Third trimester (synaptogenesis): Miller etal. (1989), J. Comp Neurol., 287, 326-338
* Impact during the brain’s growth spurt (susceptibiltyto .~~~

apoptosis)

Saline

« Effects on synaptogenesis / long lasting impacts on --
plasticity W

. K. leraci & Herrera (2006), PLoS One
Medina, A.E. The Neuroscientist, 17(3): 274-287




What are some important targets to consider
when designing / testing interventions in FASD?



Cognitive consequences of Prenatal Alcohol Exposure

Intellectual delays

Sensory integration difficulties
Mood and behavior dysregulation
Attention deficits

Information processing difficulties
Planning & organizing skill deficits
Altered social functioning
Decreased self-care abilities / limited independence




Neurobehavioral impairments affecting people with an FASD

Working memory—alcohol impacts parts of the
brain controlling attention -> less efficient
encoding of verbal and nonverbal information.?!

Thus information from the last few minutes may
not be stored. Working memory is necessary for
higher order concept learning.

People with an FASD may “forget” learned
material or skills.



Non-clinical sample: Adolescent Brain Cognitive Development (ABCD)

Youths enrolled In the ABCD Study (N«11875)
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A Psychological, Behavioral, and Cognitive Outcomes
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Can neuroimaging inform the design / testing of
interventions in FASD?



Gross structural anomalies sometimes occur in FASD

Typical Development Fetal Alcohol Syndrome



Diffusion imaging reveals white matter anomalies in FASD

Inter-hemispheric Fiber Tractography through Corpus Callosum

Fractional anisotropy maps
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Wozniak, J.R. & Muetzel, R.L. (2011). What Does Diffusion
Tensor Imaging Reveal About the Brain and Cognition in Fetal
Alcohol Spectrum Disorders? Neuropsychology Review, 21(2),
133-147.




Posterior Mid-body Tract Pre-central ROI

.

Avconorism: CLicAL AND ExPERIMENTAL RESEARCH Vol. 35, No. §
May 2011

Inter-Hemispheric Functional Connectivity Disruption in
Children With Prenatal Alcohol Exposure

Jeffrey R. Wozniak, Bryon A. Mueller, Ryan L. Muetzel, Christopher J. Bell,
Heather L. Hoecker, Miranda L. Nelson, Pi-Nian Chang, and Kelvin O. Lim
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Figure 1. fMRI time-series from one control subject Figure 2. fMRI time-series from one EASD subject
illustrating high correlation between BOLD signal illustrating low correlation between BOLD signal change

Change in rlght and left medial orbital frontal cortex. in r|ght and left medial orbital frontal cortex.



AvcoroLss: CLpacal AND ExrennenTaL REsEarcH

Jeffrey R. Wozniak, Bryon A. Mueller, Christopher J. Bell, Ryan L. Muetzel,
Heather L. Hoecker, Christopher J. Boys, and Kelvin O.Lim

Global Functional Connectivity Abnormalities in Children
with Fetal Alcohol Spectrum Disorders

FASD Control % Cohen’s d
Mean £ SD (n=24) (n=31) Difference | Effectsize
Characteristic Path Length 2.27+0.19 | 220£0.09 | 3.1% 0.47 **
Mean Clustering Coefficient 0.58 +0.05 | 0.56 £0.04 | 3.5% 0.44 *
Local Efficiency 0.76 £0.03 | 0.75+£0.03 | 1.3% 033 *
Global Efficiency 0.52+0.02 | 0.53+0.01 | 1.9% 0.63 **

*6 minute eyes-closed resting fMRI scan
*Network status (Memory consolidation, preparation for action, etc.)

*Reflection of physical attributes of the network

*Range: 1.5% to 5% decrement in network efficiency in FASD
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Hendrickson, et al. (2017). Cortical gyrification is abnormal in children with Prenatal Alcohol Exposure. Neuroimage: Clinical. 15, 391-400.



Neurodevelopmental conditions such as FASD have “foundational” effects




How do we target our intervention efforts in FASD?




Paradigm shift

Brain damage is The brainis
permanent. highly plastic
Accommodate ‘ and subject
Change the to external

environment influences



Brain development continues well into adulthood

Human Brain Development  (thompson & Netson, 2001)
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For whom?

At which point in For which targeted
development? outcome?




Targeting an intervention to the pre-adolescent and
adolescent stages of brain development



Trans-cranial Direct Current Stimulation (tDCS) and cognitive training in
youth with FASD

Low-intensity electrical stimulation to

the scalp

Penetrates a few mm into the cortex
Not triggering action potentials
Added voltage lowers the threshold for

neurons to fire (and re-fire)

Synaptic connections strengthened
Temporarily enhances plasticity

Membrane

potential Action potential after

anodal stimulation

+30mV

Depolarization Repolarization

Firing

——Normal action potential

threshold

-10mV

Hyperpolarization

Resting potential after
anodal stimulation

Normal resting potential
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Front. Hum Neurosci. (2021). V15

UNIVERSITY OF MINNESOTA
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Trans-cranial Direct Current Stimulation (tDCS) and cognitive training in
youth with FASD

« Straight stimulation may enhance
mood, reduce anxiety, etc.

» To effect a cognitive change, an extra
step is required:
- simultaneous mental exercise
- focus on activated regions
- “cells that fire together wire together”

UNIVERSITY OF MINNESOTA
Driven to Discover”

Cogmed



Trans-cranial Direct Current Stimulation (tDCS) and cognitive training in

youth with FASD

« Attention

« Working memory

* Processing speed

« Reading (speed / accuracy)

o Requiring multiple sessions
Dose-response relationship
o Generalizability is a concern

O

Yin et al. (2024). Brain Sci; 14(12):1237; Constantino et al. (2025) Codas;

37(3):e20240134; Salehinejad et al. (2022). Brain Behav. 12(9): e2724

UNIVERSITY OF MINNESOTA
Driven to Discover”



Trans-cranial Direct Current Stimulation (tDCS) and cognitive training in

youth with FASD
(A)

a
| & J
s

« Starstim cap system (Neuroelectrics);

* Anodal stimulation to F3 (left dorsolateral prefrontal cortex / DLPFC)

» Cathode at right fronto-polar 2 (Fp2)

+ Randomized to five sessions of active stimulation at 2 milliamps or “sham”

Electrode placement & field simulation sample map from Uchida et al, 2004

M UNIVERSITY OF MINNESOTA
https://doi.org/10.4236/0jpsych.2024.144019

Driven to Discover”
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Trans-cranial Direct Current Stimulation (tDCS) and cognitive training in
youth with FASD

(A) B) Anterior

[}

® Ssumulation

Posterior

To protect participant blinding (keeping participant unaware of active vs. sham condition):
« 30 seconds stimulation followed by either ramp down or continuation of stimulation

» 13 minutes of stimulation or sham

» 20 minute stimulation break (cognitive training continues)

» 30 seconds stimulation followed by either ramp down or 13 minutes of stimulation

« 13-20-13 pattern avoids undesirable effect of threshold change due to long stimulation

M UNIVERSITY OF MINNESOTA

Driven to Discover”



.
Enrollment

Assessed for eligibility (n= 68)

‘ Randemized (n=44)

Excluded (n= 24)
+ Mot meeting inclusion criteria (n=8):
- Substance Abuse (n= 2)
- Lew Birthweiaht (n=1)
- Psychiatric disorder (n=1}
- Mo confimmed PAE (n=1)
- Newrological Condition (n=3)

« Declined to participate (n=18)

Allocated fo active IDCS (n=20)

Allocated o sham tDCS (n=24)

+  Lostto follow-up (r=0)
+ Dizcontinued (n=1)
-Stimulztion Discomfort (n=1)

}

l

Trial Completion !

L

Analysis ]

& Lost to follow-up (n=2)

« Discontinued (n=3)
-Stimulation Discomfart (n=1)
-Time Commitment (n=2)

l

Analyzed (n=19)

L. g

Analyzed (n=19)

Fig. 1. Consort diagram of trial.

» Pilot study (44 participants)
b5 sessions

* Approx. 1 hour each

* Conducted in the lab at UMN

« Battery of cognitive tests prior to session 1
» 13-20-13 stimulation paradigm

« Simultaneous cognitive training (46 mins)
» Brief cognitive testing after each session

« Battery of cognitive tests after session 5

UNIVERSITY OF MINNESOTA
Driven to Discover”




Cognitive Tralning paradigm

Posit Science’s Brain HQ

* Two working memory tasks

» Two attention / cognitive control tasks
* One processing speed task

Courses

Pick an area of interest




Experience-dependent neural plasticity

® Attention and "meta-cognitive” skills are common targets
® Computerized "games’ are ideal for capitalizing on this plasticity

o Repetition: (signals the brain that it is "important”)
o Intensity: repeating patterns in short duration strengthens patterns more

o Salience: engaging the individual at an emotional / motivational level
strengthens the learning even more




Moving the zone of difficulty

What | K one-of prosline > How do we identify the “zone” in terms

lt d .
camLco development of brain development ?

What | can
do with help

> How do we prepare the brain for new

Whatt learning ?

can do

> How do we push the brain to move to
the next level ?

> Cognitive training needs to increase in
difficulty to force adaptation and
growth
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Compliance 86% (lost 6 of 44)

No difference in side effects (active vs.
sham)

200+ in-person sessions

Left DLPFC stimulation and executive
functioning training

Continuous Performance Test (CPT) as
primary outcome (DLPFC...)

Spatial working memory

Trail-making Test

Verbal Fluency

Parent-reported behavioral measures
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Working Memory Task

* Both groups improved on spatial working

0.50- | memory
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Brain Stimulation

journal homepage: http:/iwww.journals.elsevier.com/brain-stimulation
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AdyR2 = 0.35 Intercept = -3.7 Sope = 0.7 P =0.01

: . « Forthose in the active group: significant

s association between improvement in

| attention on CPT and lessening of attention
problems on BASC Parent-report

A CPT performance

-20

-10 0
A Attention Problems

UNIVERSITY OF MINNESOTA
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Connectivity change in left pre-frontal cortical RO

« Change in connectivity between
salience network and ventral attentional

network
* Involved in shifting attention
» Near significant effects in dorsal
attentional network
« Involved in top-down, voluntary
control of attention




Collaborative Initiative on
Fetal Alcohol Spectrum Disorders

National Institute
on Alcohol Abuse
and Alcoholism

CIFASD is supported by NIAAA

UO01AA030164: Cognitive Training +/- tDCS targeting executive functioning in 8-17 year olds with FASD

Aim 1. Evaluate the therapeutic benefits of 5 initial sessions of active tDCS (n=30) vs. sham tDCS (n=30) in
conjunction with CT (n=60; all participants). Hyp1: With CT, active tDCS will yield improvement in sustained
attention (CPT) and parent-reported ADHD symptoms compared to sham tDCS over the 5 initial sessions.

Aim 2. Incorporating additional sessions, quantify the dose-response relationship. Hyp2: In conjunction with
CT (n=60; all participants), 10 active tDCS sessions (n=30) will produce greater improvement in sustained
attention (CPT) and parent-reported ADHD symptoms than 5 active + 5 sham sessions (n=30).

Aim 3. Establish the durability of attention improvements and parent-reported ADHD symptoms from tDCS +
CT. Hyp3: At two months post-intervention, sustained attention (CPT) improvements vs. baseline performance
will remain. Hyp4: Dosage will be related to durability of the treatment effect (10 active sessions will provide a
more durable response in sustained attention compared to 5 active sessions).

Aim 4 (exploratory): Employ fMRI to measure functional change in brain network activity between baseline
and 5 sessions (active tDCS vs. sham tDCS). H4: Relative to baseline, those receiving 5 sessions of active
tDCS (n=15) will show enriched connectivity and salience between limbic and control networks
post-intervention compared to those receiving 5 sessions of sham tDCS (n=15).




RCT Design 1. Screen, consent,
(Sessions 1-10) N=70
¥

2. Randomization —‘l

Group A (n=35) | | Group B (n=35) |
3. Pre-intervention assessments
4 4. MRI#1 (subset; n=30total) = |

5. Sham tDCS + 5. Active tDCS +
Cognitive Training Cognitive Training
(5 sessions) (5 sessions)

6. Midterm assessments
7. MRI #2 (n=30 total)
8. Active tDCS + 8. Active tDCS +

Cognitive Training Cognitive Training
(5 sessions) (5 sessions)

Low-Dose Intervention

High-Dose Intervention

e 65% enrolled
« Completed > 400
sessions

9. Post-intervention assessments
- (n=60 after attrition)

10. Two-month follow-up assessments

Figure 7. CONSORT flow diagram detailing sessions and
design.
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The possible future of tDCS

e Consumer devices with or without professional guidance
e Sophisticated stimulation paradigms
o Closed-loop systems (EEG directing stimulation)

Neurocare
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For information on available archived CIFASD data,
please visit https://cifasd.org/data-sharing/.

Information on accessing
CIFASD research data



https://cifasd.org/data-sharing/
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