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Preterm birth

* 8.5% Australian babies born <37 weeks*

* 1.6% Australian babies born <32 weeks*
* 5-10% are later diagnosed with CP

» Greater risk of cognitive, language,
behavioural and motor problems

*Australian Institute of Health and
Welfare: Mothers and Babies, 2016
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Early Diagnosis of CP

earlier diagnosis diagnosis

i earlier therapy
birth @ average 18 months

better outcomes

Accurate prognosis is needed for selection of best possible
interventions and result in best possible outcomes
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The PPREMO study

Cross-sectional cohort study of
infants born <32 weeks

Brain MRI and motor / neuro-
logical assessments at 30-32

George et al. BMC Pediatrics (2015) 15:123 ¥
DOI 10.1186/512887-015-0439-z
BMC

Pediatrics
STUDY PROTOCOL Open Access

PPREMO: a prospective cohort study of @
preterm infant brain structure and function
to predict neurodevelopmental outcome

Joanne M. George'", Roslyn N. Boyd™®, Paul B. Colditz?, Stephen E. Rose®, Kerstin Pannek'~, Jurgen Fripp?,
Barbara E. Lingwood?, Melissa M. Lai’, Annice HT Kong?, Robert S. Ware*, Alan Coulthard®”’, Christine M. Finn'
and Sasaka E. Bandaranayake

weeks and at term equivalent age
Follow-up assessments at 3 months, 12 months, 24 months CA
Currently >270 infants recruited (including PREBO)

* One of the world’s largest and most comprehensive studies of preterm
infants with advanced MRI (3T) early in life
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Preterm birth & brain development

Last Menstrual Preterm Birth Term Birth
Period (LMP) . Post Menstrual a >
. Age (PMA) .
Gestational Age (GA) _’E .
Conception . -
0 2 : E

32 37
Extremely & Very Normal
Preterm

Brain Injury

Destructive

Disruptions in
processes ‘ normal
(e.g. cell death development

(e.g. myelination,
folding)

and scarring)

https.//en.wikiversity.org/wiki/Fundamentals_of Neuroscience/Development
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Early Diagnosis of CP

PREBO-6: Prediction of childhood Brain
Outcomes in infants born preterm using
neonatal MRI and concurrent clinical

PPREMO/PREBO biomarkers

, , PREBO-6 (recruiting)
CP Diagnosis &

Early MRl TEA MRI 2-year outcomes 6-year outcomes
< ., L ’ . “ ' .

Optimize
Weighting

Optimize
Weighting

Automated measures
- Volume
- Cortical Shape
- Microstructure (FA, MD)
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Technical challenges: head motion




Image super-resolution

Reconstructed
Original T2 g . masking Outlier slice high-resolution

MRI interpolation T2 MRI

Axial acquisition
(shown in sagittal)

Coronal acquisition s .
(shown in sagittal) [ !L_f‘:f
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Sagittal acquisition
(shown in coronal)
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Motion artefact removal

Kainz et al., IEEE Trans Med Imaging 2015
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dHCP Segmentation Examples
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Statistical analysis

e LASSO (Least Absolute Shrinkage and
Selection Operator) regression

e 24 MRI measures

e Covariates: sex, gestational age at birth, PMA at
MRI, socioeconomic status, GMs at 3 months CA,
multiple measures of care

e 2-year outcomes include Bayley-Ill motor,
cognitive and language composite scores,
and NSMDA functional grade

PREBO/PPREMO cohorts

n=271
n=271 MRI performed

Have any 2-year
n =207 Ve any &ye

outcomes
n=198 MRI quality pass
dHCP segmentation
n=181
pass

Final cohort
n=181

L
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Associations with developmental outcomes

Increased 2-year .
scores -

Model  [ewlrwinMRL [PewdorinoMn

M1: Bayley-Ill motor composite 0.757 0.465

M2: Bayley-Ill cognitive composite 0.546 0.431
M3: Bayley-Ill language composite 0.773 0.482

M4: NSMDA functional grade 0.660 0.492

Reduced 2-year
scores

parietal lobes
Sulcal depth of the frontal,
temporal and occipital
lobes

| - CSF volume



Discussion
* What is the benefit (if any) of adding MRI at TEA to the prediction models?

* Are these biomarkers predictive of outcomes at 6 years of age (e.g. school
readiness)?

e Super-resolution could benefit from more advanced motion
detection/correction (slice-to-volume reconstruction) and replacement
strategies
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Automated reporting

% Diffusion MR Quantification Report

SUBJECT: BP *** REPORT DATE: Tuesday, 20" November, 2018
AGE at scan: 32.5 weeks (Early)

Diffusion maps at different
and 42.1 weeks (Term) (PMA) . .
Diffusion measures tl m e pO | ntS

FA decFA MD AD RD ICVF ISOVF

regional labels (JHU neonate atlas)

Early Term
Regional FA/MD measures compared to population (e.g. cerebellum)

comparison to population
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Thank you

CSIRO Health & Biosecurity
Alex Pagnozzi
Research Scientist

alex.pagnozzi@csiro.au
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