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Learning Objectives

1. Identify brain development differences associated with thinking and 

learning skills in individuals with FASD 



Learning Objectives

1. Identify brain development differences associated with thinking and learning 

skills in individuals with FASD 

2. Appreciate the importance of novel tools in brain imaging for understanding 

cognitive development in individuals with FASD



Background

● FASDs associated with complex needs

● Novel brain imaging tools can advance 

our ability to identify brain-based 

differences in order to: 

○ Support ongoing advocacy, education, 

and policy efforts

○ Inform developmentally timed 

interventions

○ Help evaluate treatment outcomes 



Brain growth charts can characterize 
brain anomalies in FASD
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Background



● FASDs diagnosed on the basis of:

○ History of PAE

○ Brain anomalies (e.g., 

microcephaly) 

○ Physical growth restriction 

○ Facial anomalies 

○ Cognitive and behavioral 

differences

● Occipitofrontal circumference 

(OFC):

○ Suboptimally sensitive to PAE 

○ Reduced correlation with brain 

volumes with increasing age 

Images courtesy of Jeff Wozniak, PhD, University of Minnesota

Comparison FAS

Hoyme et al. (2016). Updated clinical  guidelines for diagnosing fetal alcohol  spectrum disorders. Pediatrics, 138(2).

Background



Normative modeling - brain “growth charts” 

● Whole brain volumes: 

○ BrainChart

○ 95, 536 healthy individuals

○ 115 days post-conception to 100 

years of age

○ Data from > 100 MRI studies

● Regional volumes: 
○ Centile Brain 

○ 37,407 healthy individuals

○ 3 to 90 years of age 

○ Data from 86 MRI studies

Bethlehem et al. (2022). Brain charts for the human lifespan. Nature, 604(7906), 525-533.
Ge et al. (2024) . Normative modelling of brain morphometry across the lifespan with CentileBrain: algorithm benchmarking and model optimisation. The Lancet Digital Health, 6(3), e211-e221.



Using “growth charts” at the whole-brain level

● Sample: 

○ N = 91 (48 PAE, 43 Controls); ~50% female

○ Ages 8-17 years 

■ Mean PAE: 12.34

■ Mean Control: 12.79

● Evaluations: 

○ Physical evaluation 

○ Neurobehavioral testing

● MRI: 
○ Siemens 3T

○ T1/T2 weighted scans



Youth with PAE have low whole brain volumes 

Gray Matter Volume 
(GMV)

White Matter Volume 
(WMV)

Subcortical Gray Matter 
Volume (sGMV)

Gimbel et al. (2024) Normative Magnetic Resonance Imaging Data Increase the Sensitivity to Brain Volume Abnormal ities in the Classification of Fetal Alcohol  Spectrum Disorder. The Journal  of Pediatrics, 266, 113868.



Brain volumes relate to neurocognitive 
function 

Gimbel et al. (2024) Normative Magnetic Resonance Imaging Data Increase the Sensitivity to Brain Volume Abnormal ities in the Classification of Fetal Alcohol  Spectrum Disorder. The Journal  of Pediatrics, 266, 113868.



Sensitivity Specificity Accuracy

OFC ≤ 10%ile 11.11% 100.0% 50.0%

GMV or WMV or 
sGMV ≤ 10%ile

35.42% 95.35% 63.74%

OFC ≤ 10%ile or 
brain atypicality

36.96% 94.44% 62.20%

Gimbel et al. (2024) Normative Magnetic Resonance Imaging Data Increase the Sensitivity to Brain Volume Abnormal ities in the Classification of Fetal Alcohol  Spectrum Disorder. The Journal  of Pediatrics, 266, 113868.

Brain volumes show higher sensitivity to 
PAE relative to head circumference



Using “growth charts” at the regional level

● Sample: 

○ N = 86 (47 PAE, 39 Controls); ~50% female

○ Ages 8-17 years 

■ Mean PAE: 12.30

■ Mean Control: 12.82

● Evaluations: 

○ Physical evaluation 

○ Neurobehavioral testing

● MRI: 
○ Siemens 3T

○ T1/T2 weighted scans



Youth with PAE have low regional brain volumes 

Gimbel et al. (2025). Normative modeling of brain MRI data identifies small subcortical volumes and associations with cogniti ve function in youth with fetal alcohol spectrum disorder (FASD). NeuroImage: Clinical , 45, 103722.



Sensitivity Specificity Accuracy

Left putamen 53% 62% 57%

Right putamen 47% 67% 56%

Left hippocampus 49% 82% 64%

Right hippocampus 43% 87% 63%

Right palladium 45% 54% 49%

Right accumbens 40% 85% 60%

Regional subcortical volumes show higher 
sensitivity to PAE relative to head circumference

Gimbel et al. (2025). Normative modeling of brain MRI data identifies small subcortical volumes and associations with cogniti ve function in youth with fetal alcohol spectrum disorder (FASD). NeuroImage: Clinical , 45, 103722.



Novel MRI tools can identify 
subtle brain anomalies in FASD 
associated with cognitive skills



Imaging the hippocampus in FASD



● Atypical hippocampal morphology

○ Thinner and less folded (reduced 

gyrification) bilateral hippocampi 

in PAE vs comparisons 

○ Greens and violets indicate 

thinner and less folded tissue 

Gimbel et al. (2025). Regional hippocampal thinning and gyrification abnormalities and associated cognition in children with prenatal alcohol  exposure. Journal of Neurodevelopmental  Disorders, 17, 5.

Imaging the hippocampus in FASD



● Brain-behavior relationships

○ Thinner tissue associated with 

lower IQ, executive function, and 

visual memory in PAE

○ Minimal assoc. between 

hippocampal morphology and 

cognitive function in comparisons

○ Minimal correlations between 

hippocampal gyrification and 

cognitive performance in either 

group  

Gimbel et al. (2025). Regional hippocampal thinning and gyrification abnormalities and associated cognition in children with prenatal alcohol  exposure. Journal of Neurodevelopmental  Disorders, 17, 5.

Imaging the hippocampus in FASD



Conclusions

● Novel imaging methods can help us better understand brain-based 

differences in youth with FASD

● These tools may complement existing approaches to identifying effects of 

PAE on brain development



Future Directions

What is unique to 
brain development in 

FASD?

What are the sources of 
individual variability in 

brain-based differences?

What can novel MRI 
tools tell us about 

treatment outcomes?



Thank you! 


	Slide 1: Using novel brain imaging tools to better understand development in youth with FASD
	Slide 2: Conflicts of interest
	Slide 3: Learning Objectives
	Slide 4: Learning Objectives
	Slide 5: Background
	Slide 6: Brain growth charts can characterize brain anomalies in FASD
	Slide 7: Background
	Slide 8: Background
	Slide 9: Normative modeling - brain “growth charts” 
	Slide 10: Using “growth charts” at the whole-brain level
	Slide 11: Youth with PAE have low whole brain volumes 
	Slide 12: Brain volumes relate to neurocognitive function 
	Slide 13: Brain volumes show higher sensitivity to PAE relative to head circumference
	Slide 14: Using “growth charts” at the regional level
	Slide 15: Youth with PAE have low regional brain volumes 
	Slide 16: Regional subcortical volumes show higher sensitivity to PAE relative to head circumference
	Slide 17: Novel MRI tools can identify subtle brain anomalies in FASD associated with cognitive skills
	Slide 18: Imaging the hippocampus in FASD
	Slide 19: Imaging the hippocampus in FASD
	Slide 20: Imaging the hippocampus in FASD
	Slide 21: Conclusions
	Slide 22: Future Directions
	Slide 23: Thank you! 

