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Neuropsychiatric impairments following
preterm birth

Global developmental delay

Learning disorders

Attention deficit hyperactivity disorder
Behavioural disorders

School failure

What are the neuroanatomical correlates?

Computational MR analysis after preterm birth

« Reduced cortical surface area and complexity in the
absence of white matter damage

i-Obe et al. Lancet 2000;

« Abnormal white matter is associated with reduced cortical
grey matter and myellnated Whlte matter at term

Inder et al. Ann Neurol

Reduced volume in sensorimotor and midtemporal
cortices associated with reduced 1Q at 8 yrs

Ajayi-Obe et al. Lancet 2000;356:1162-3

« Grey matter volume reduction in left parietal lobe

ciated with numerical operations deficit at 15 years
cs et al. Brain 2001;124:1701-1707
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MRI in preterm infants at term equivalent age

Ventricular Enlargement

Impaired development
following white matter
injury

— Huppi (Pediatri )01)

== Regional quantitative
Term control [Pz i (249 white matter abnormalities
(40 weeks) weeks) at term Counsell (Ped < PR
equivalentage - ounsell (Pediatrics

Computational Morphometry

« Voxel-based morphometry

— Low-dimensional transformation
— Compare regional differences in structures
— Previously used for analysis of mature brains

— Ashburner, Neurolmage June

» Deformation-based morphometry (DBM)

— High-dimensional transformation / Non-rigid registration
— Very high correspondence between structures
— Information extracted from deformation field




Non-rigid registration Non-rigid registration: Example
« Non-rigid registration is based on a combination of
global (affine) and local transformations:

T(x) = Tg\oba\ (X) + Tigar (X)

Local transformation is represented by a free-form
deformation (FFD) based on B-splines:

Tew®= BB B, WG eer /

1=0 m=0 n=0

controlled by a mesh of control points ¢

Maximizes normalized mutual information

Population-specific atlas construction

S C . Analysis of deformation fields
via registration to reference subject

Reference subject A Atlas (affine) Atlas (20mm spacing)

Term infant Preterm at term Deformation field following
Reference image equivalent age non-rigid registration

Atlas (10mm spacing) Atlas (5mm spacing) Atlas (2.5mm spacing)

Analysis of deformation fields Jacobian of deformation field

» Shape and volume changes between images Local properties of
. . NE(T)) .
can be calculated from the deformation field: transformation
— Determinant of the Jacobian operator: CONHACHOT
fu, fu, fu,
— ﬂUy ﬂuy ﬂuy
Tu, fu, 9u, )
x Ty Tz Jac(u) <0 folding




Problem?

Reference subject Atlas (10mm) Atlas (2.5mm)

Image Acquisition
Study Group

Preterm at term
equivalent age

54
male 26)
Gestational age at birth
[(EUD)]

MRI

1.5T Eclipse MR system, voxel size 1x1x1.6mm?3

Mean Volume Change Maps

« Point-wise map of mean volume change for each group

ventricles
Term Preterm at term
equivalent age
(=11) (n=36)

75% volume increase compared to reference image

Lateral ventricular volume in

Objectives

1. To use deformation-based morphometry to
quantify volumetric brain differences at term
equivalent age

. To examine how the choice of reference image
influences these results

Data Analysis

* Mean volume change
— determinant of Jacobian of deformation field

» Effect Size (conen1977)
— Compares mean volume difference between two
groups
— Emphasizes consistent data
m(x) - m(x)
S aes(X)

T(x=

— Positive: relative tissue expansion in preterm group
— Negative: relative tissue contraction in preterm group

Lateral Ventricular Volume at Term-Equivalent Age

Reference subject

relation to reference subject

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Gestational age at birth (weeks)

43




Effect Size 1: Tissue Expansion

e Lateral Ventricles

Influence of Choice of Reference

« Three reference images used

« Segmented structures are transformed into common

coordinate system

« With perfect registration, results should be identical

Conclusions

» DBM can quantify localised volumetric
change associated with preterm birth:

1. Ventriculomegaly — expansion increases with
increasing prematurity

2. Tissue contraction in the basal ganglia

» ldentification of such regions is largely
independent of choice of reference

Effect Size 2: Tissue Contraction

« Basal Ganglia: globus pallidus and thalamus

Influence of Choice of Reference

>
Ventricles
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