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Vulnerability of the developing brain: 
prematurity-growth restriction

• Preterms <1500g and IUGR
• 5-15% major neurological deficits 

• Cerebral palsy, hemiplegia, diplegie, quadriplegia.

• 25-50% neurodevelopmental deficits 
• Cognitives deficits, attention, learning disabilities, 

behavioural difficulties
• ADHD

• Risk factor for adult psychiatric diseases



Proliferation
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The making of the brain

Prematurity



• Vulnerability of the SVZ vs stimulation of 
stem cells of the SVZ 

• Focal & diffuse lesion of the white matter

• Necrosis, apoptosis of OL progenitors

• Arrest of maturation of OL lineage

• Myelination deficit

• Astrogliosis / microglia activation 

• Neuro-axonal damage

• Cortical and subcortical grey matter damage

• Cortical lamination alteration

• Subplate neuronal damage

• Connectivity alteration

Volpe JJ Lancet Neurol 2009;8:110-24

Encephalopathy of Prematurity



METABOLISM

1H-MRS
MACROSTRUCTURE

T1-T2, 3D MRI
MICROSTRUCTURE

DWI-DTI f-MRI
FUNCTION

Human

Rodent

Sheep

Advanced MR imaging: Multimodal tool to 
study brain development and injury



Dubois J et al. Cerebral Cortex 2008; 18: 1444-54. 

40 wks

Gyrification index: 
internal cortical surface

28 wks

26 weeks to 36 weeks



Cortical maturation: 
effect of twinning and IUGR in preterm

Dubois J et al Brain. 2008 Aug;131(Pt 8):2028-41
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Cortical grey matter development



3D-MRI at 8 years
WISC score of development

Lodygensky G et al Pediatrics 2005;116(1):1-7 

Long term alteration of grey matter 
development at 8 years in preterms



Cortical Thickness at adolescence 

Nagy, Z., et al. (2011). Cerebral Cortex 21(2): 300-306.

Shaw et al. 2008). To avoid false positives resulting solely from
developmental differences between the groups, the above analyses
were repeated with age included as a covariate.

In all statistical tests, the results were considered statistically
significant if the P value was less than 0.05 after family-wise error
correction for multiple comparisons.

Statistical Analysis of Non-image Data
To compare the groups with respect to age, height, weight, and
mother’s age at birth, 2-tailed t-tests were employed assuming unequal
variances. A 2-sample test for binomial proportions was used to
compare the gender distribution of the 2 groups. The level of education
of the mothers was categorized such that 0 = no schooling, 1 = 6 years
of schooling, 2 = 9 years of schooling, 3 = less than 3 years of high
school, 4 = more than 3 years of high school, 5 = less than 3 years
university education, 6 = more than 3 years university education, and
7 = doctoral degree. The 2 groups were then compared using a
Wilcoxon rank-sum test (a nonparametric analog of a 2-sample t-test)
with respect to this variable. In all cases, a P value less than 0.05 was
considered statistically significant.

Results

Surface projections of cortical thickness differences between
ex-preterm and control adolescents are shown in Figures 1, 2,
and 3. Thinner cortex was observed in widespread regions in
ex-preterm adolescents compared with controls (Fig. 1a). After
correcting for multiple comparisons, differences in the bilateral
middle temporal regions and the posterior inferior parietal
cortices were statistically significant (dotted lines) and in the
order of 0.25 and 0.20 mm, respectively. Two small regions of
significantly thicker cortex were observed in ex-preterm
adolescents compared with controls in the right anterior
inferior temporal gyrus and the left ventrolateral prefrontal
cortex in the order of 2.0 mm (Fig. 1b).

When the ex-preterm group was divided into 2 subgroups by
GA, regions of significantly thinner cortex compared with
controls were the same for the subgroup born during or before
the 28th week of gestation as those observed for the whole
group of ex-preterm adolescents (Fig. 2a). However, the
statistically significant clusters of voxels were less extensive,
probably due to the reduced amount of data for this comparison.
In the subgroup born after the 28th week of gestation,
significantly thinner cortex was observed in a small region in
the right dorsolateral prefrontal cortex in the order of 0.2 mm

(Fig. 2b). The regions where ex-preterm adolescents possessed
a thicker cortex could be explained by the subgroup that was
born during or before the 28th week of gestation (Fig. 2c). For
completeness, Figure 2d displays a map of cortical thickening in
those born preterm but after the 28th gestational week
compared with controls, although no statistical significance was
observed. Comparing the 2 GA subgroups directly did not result
in statistically significant differences.

A very similar pattern of results was observed when the ex-
preterm group was divided according to BW (Fig. 3). In the
subgroup born with BW of less than or equal to 1000 g, the
cortex was significantly thinner in the same regions as those
found when considering the entire group of ex-preterm
adolescents (Fig. 3a). When the subgroup of adolescents
whose BW was more than 1000 g was compared with the
controls, significantly thinner cortex was observed in the ex-
preterm adolescents in the right dorsolateral prefrontal cortex,
similar to the subgroup with the higher GA, and in the right
anterior temporal lobe (Fig. 3b).

The cortex was found to be thicker in a small left ventral
prefrontal region and in the right anterior temporal lobe in the
subgroup with BW less than or equal to 1000 g (Fig. 3c) and in
the right anterior temporal lobe in the subgroup whose
BW was more than 1000 g (Fig. 3d) when compared with
controls. Comparing the 2 BW subgroups directly did not result
in statistically significant differences.

Figure 1. Maps of cortical thickness differences. Differences in thickness are
displayed in millimeters. In a large set of regions, the ex-preterm adolescents
possessed thinner cortex (a), whereas in a few specific areas, it was found to be
thicker (b). Areas depicted with a dotted line were statistically significant (P\ 0.05)
after correction for multiple comparisons. All insets are in neurological convention (left
is left) except the orbital view (third column), which is displayed in radiological
convention (left is right).

Figure 2. Maps of cortical thickness differences depending on GA. Differences in
thickness are displayed in millimeters. The differences presented in Figure 1 are
similar to those observed between the controls and preterm adolescents born before
or during the 28th week (a, c). In addition, the dorsolateral prefrontal cortex was
thinner in the subgroup born after the 28th week (b), whereas no statistically
significant indication was found for thicker cortex in the older subgroup of ex-preterm
adolescents (d). Areas depicted with a dotted line were statistically significant
(P \ 0.05) after correction for multiple comparisons. All insets are in neurological
convention (left is left) except the orbital view (third column), which is displayed in
radiological convention (left is right).
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model, we demonstrate that disturbances in MRI-defined FA were rep-
licated by calculated estimates of FA derived from the neuronal den-
dritic arbor of the growth-impaired cortex.

RESULTS

Preterm ischemia disrupts long-term cortical growth
To define mechanisms of impaired growth of the preterm cerebral cor-
tex, we determined the effect of in utero global cerebral ischemia in-
duced by bilateral carotid artery occlusion at 0.65 gestation (equivalent
to ~26 to 28 weeks of human gestation) on subsequent cortical devel-
opment in our fetal sheep model of WMI (26, 27). Ex vivo high-field
MRI studies were performed at 1, 2, and 4 weeks after the ischemic
event to classify cortical voxels based onmaps of FA and the apparent
diffusion coefficient (ADC) (Fig. 1A). A progressive expansion in cor-
tical volumewas observed between 1 and 4 weeks after surgery in both
the ischemia group and their twin controls, who had been subjected to
the same general surgical procedure without subsequent ischemia
[Fig. 1D; analysis of variance (ANOVA), P < 0.001]. After 1 week of
recovery, there was no difference in cortical volume between the con-
trol and ischemia groups. However, at 2 and 4 weeks, cortical volumes
were significantly lower in the ischemia group compared to age-
matched controls (percentage decrease: ~14% at 2 weeks and ~18%

at 4 weeks). Thus, ischemia disrupted the normal maturational in-
crease in cortical volume, with a blunting of cortical growth that began
between 1 and 2 weeks after the insult.

Diffusion MRI identifies alterations in cortical microstructure
We next hypothesized that disturbances in cortical growth would be
accompanied by abnormalities in cortical microstructure defined by
diffusion MRI. A decline in FA occurs with normal cortical develop-
ment in humans (18, 19) and other species (20–22), but it has not been
described after fetal cerebral ischemia. Consistent with these studies,
both the control and ischemia groups exhibited a progressive decline
in cortical FA with increasing gestational age (Fig. 1E; ANOVA, P <
0.005). However, by 4 weeks, the cortical FA was significantly higher
in the ischemia group compared to age-matched controls, at values sim-
ilar to the 2 week group. ADC also progressively declined with ges-
tation time in both the control and ischemia groups (ANOVA, P <
0.0001) but showed no effect of ischemia (Fig. 1F). Thus, preterm ischemia
inhibited the normal maturation–dependent decrease in cortical FA,
consistent with a progressive disturbance in cortical microstructure
and disrupted maturation of the cerebral cortex. In both the control
and ischemia groups, the water diffusion principal eigenvector orienta-
tions for each cortical voxel were perpendicular to the cortical surface
(fig. S1) and were aligned parallel to the apical dendrites of pyramidal
neurons, indicating that the changes in cortical FA after ischemia were

not due to alterations in the primary direc-
tion of water diffusion.

Impaired cortical growth is not
caused by a loss of cortical neurons
We determined whether the disturbances
in cortical growth and microstructure
were related to a loss of cortical neurons.
We used unbiased stereology to quantify
the total number of neurons in the cortical
mantle (Fig. 2, A to C). The control group
demonstrated no significant change in the
number of cortical neurons between 1 and
2 weeks after the ischemic episode (Fig.
2D), which supported the idea that addi-
tion of new neurons to the cortex was
largely complete by this time. Moreover,
compared to age-matched controls, there
was no effect of ischemia on the number
of cortical neurons at 1 or 2 weeks. A re-
duction in the density of neurons in
controls by 2 weeks (Fig. 2E) reflected
the normal pronounced growth of the
cortex at this time. Cortical neuronal den-
sity at 2 weeks after ischemia appeared to
increase compared to age-matched con-
trols, but the difference was not statistical-
ly significant (Fig. 2E; P = 0.07); this
finding likely reflected the ischemia-
induced reduction in cortical volumes at
this time (see Fig. 1D).

Because previous human autopsy studies
have reported neuronal loss in cases with
significant white matter necrosis (12, 13),

Fig. 1. High-field MRI studies demonstrate progressive disturbances in cortical growth and dysmaturation
of cortical microstructure. Coronal MRI images of one hemisphere at the level of the frontal periventricular
whitematter are presented at 4weeks. (A toC) Representative cortical segmentation (A) (light gray shading)
used to analyze cortical volume, (B) FA, and (C) ADC. Orientation marker indicates superior (S), inferior (I),
medial (M), and lateral (L). (D to F) Changes in (D) cortical volume, (E) FA, and (F) ADC at 1, 2, and 4weeks of
recovery in control (Con; black bars) and ischemia (HI; white bars) groups: 1 week (control, n = 9; ischemia,
n = 7); 2 weeks (control, n = 5; ischemia, n = 6); 4 weeks (control, n = 6; ischemia, n = 5). Data are shown as
25th, 50th, and 75th percentiles, andminimumandmaximumdatapoints. *P< 0.05, **P< 0.01 versus age-
matched controls.

R E S EARCH ART I C L E

www.ScienceTranslationalMedicine.org 16 January 2013 Vol 5 Issue 168 168ra7 2

 o
n 

D
ec

em
be

r 1
9,

 2
01

3
st

m
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fro

m
 

Dean, J. M., et al. (2013). Science translational medicine 5(168): 168ra167.

Cortical alteration after HI injury

we also determined whether preterm ischemia triggered delayed neu-
ronal degeneration in ourmodel of diffuse but moremild nonnecrotic
WMI (26, 27). Neuronal death in the cerebral cortex was analyzed by
staining for activated caspase-3 (AC3) after 1, 2, and 4 weeks of recov-
ery. At all ages, there were very low numbers of cortical AC3-positive
cells in the control and ischemia groups, with a random distribution and
without any predilection for a particular cortical gyrus or layer (fig. S2).
Further, we previously reported no acute elevation of AC3 in the cortex
at 24 hours and 3 days after ischemia in this model (26, 27). Thus, these
data suggested that a reduction in neuronal number did not contribute
to cortical volume loss. However, the paradoxical decrease in cortical
volume was associated with an increase in neuronal density. These un-
expected findings supported an alternative mechanism for cortical vol-
ume loss that was related to neuronal dysmaturation.

Normal cortical growth is accompanied by a marked
increase in dendritic arborization
Amarked growth of the cerebral cortex during the latter third of human
gestation is associated with a rapid progressive increase in neuronal
complexity (30). To determine whether increased neuronal complexity
also contributes to growth of the fetal ovine cerebral cortex during the
third trimester, we reconstructed Golgi-impregnated neurons at 0.65

gestation (at the time of ischemia, defined here as 0 weeks) and 4 weeks
later. As an index of normal neuronal maturation, we analyzed the
complexity of the basal dendritic arbor of pyramidal neurons because
they are the most common population of excitatory cells in the cortex.
At 0weeks (at the time of surgery), control pyramidal neurons exhibited
a simple morphology (Fig. 3A), which becamemarkedlymore complex
after 4 weeks (Fig. 3B), with a significant increase in the number of bas-
ilar dendritic branches (by ~250%; Fig. 3C), basilar dendritic length
(by ~390%; Fig. 3D), and number of basilar branch points (nodes)
(by ~330%; Fig. 3E). There was no difference in the number of primary
basal dendrites [0 weeks (5.7 ± 0.4) versus 4 weeks (6.2 ± 0.2); fig. S3, B
to D] or neuronal soma size [0 weeks (347 ± 13 mm) versus 4 weeks
(370 ± 10 mm); fig. S3, A and F] between these ages.

To define the dendritic branching properties of individual neurons,
we next performed a Sholl analysis to quantify the differences in mor-
phological complexity of the pyramidal neurons in the 0 week and
4 week groups. There was amarked increase in the number of dendritic
intersections (ameasure of the complexity of the dendritic arborization)
by 4 weeks (Fig. 3F; ANOVA, P < 0.0001), with the most significant
differences observed 25 to 235 mm from the cell soma. Further analysis
according to centrifugal nomenclature suggested that this increase in
dendritic complexity at 4 weeks was a response to an increase in total
branch number (Fig. 3G) and dendritic length (Fig. 3H) at branch
orders 2 to 5. This was supported by the marked increase in numbers
of nodes observed at branch orders 1 to 3 at this time (Fig. 3I).

Impaired cortical growth is related to deficits in dendritic
arbor maturation
Becausewe observed amarked increase in dendritic arborization during
the phase of rapid cortical growth, we hypothesized that impairment in
cortical growth in response to ischemiamight be related to disruption of
this critical phase of neuronalmaturation. To test this, we reconstructed
Golgi-impregnated neurons at 4 weeks after ischemia and determined
whether the reduction in cortical volume at this time was associated
with disturbances in maturation of the basal dendritic arbor of pyram-
idal neurons (Fig. 4, A and B). Compared to age-matched controls, at
4weeks of recovery fromcerebral ischemia, pyramidal neurons exhibited
a significant reduction in the total number of basilar dendritic branches
(by ~12%; Fig. 4C), total basilar dendritic length (by ~18%; Fig. 4D), and
the total number of basilar nodes (by ~24%; Fig. 4E). There was no
change in the number of primary basilar dendrites [control (6.2 ± 0.2)
versus ischemia (5.9 ± 0.2); fig. S3, B to D] or in neuronal soma size
[control (370 ± 10 mm) versus ischemia (351 ± 12 mm); fig. S3, A and F].
Secondary analysis of dendritic complexity based on neuronal location
in the supragranular or infragranular cortical layers indicated no layer-
specific effects (fig. S3).

We next performed a Sholl analysis to quantify the differences in
morphological complexity of the pyramidal neurons studied in the con-
trol and ischemia groups. The ischemia group displayed an overall re-
duction in the number of dendritic intersections (Fig. 4F; ANOVA, P <
0.0001), with the most significant differences observed at 25 to 75 mm
from the cell soma, the region of highest dendritic complexity in both
groups. Further analysis according to centrifugal nomenclature sug-
gested that this decrease in dendritic complexity was a response to a
decrease in total branch number (Fig. 4G) and dendritic length (Fig.
4H) at branch orders 2 to 4. This was supported by the decrease in
the numbers of nodes observed at branch orders 1 to 3 in the ischemia
group (Fig. 4I). Overall, these data were consistent with diffuse global

Fig. 2. Cerebral ischemia did not cause a loss of cortical neurons. (A to C)
Representative NeuN-stained brain tissue showing (A) delineation of cortical
boundaries (dotted line), (B) laminar distribution of neurons, and (C) nuclear
labeling (white arrows). Scale bar, 5 mm. (D and E) Unbiased stereological
estimates of neuron number (D) and neuron density in the cerebral cortex
(E) of control (Con; black bars) and ischemia (HI; white bars) groups: 1 week
(control, n = 6; ischemia, n = 6); 2 weeks (control, n = 5; ischemia, n = 6). Data
are means ± SEM.
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arbor and associated spines could explain the disturbances in cortical
growth and cognition that are now the major cause of disability in sur-
vivors of premature birth.

Deficits in dendritic branching and spine formation are a feature of
several human neurodevelopmental disorders associated with mental
retardation, including Down and Rett syndromes [for review, see
(31)]. Further, infants with extensive necrotic WMI and axonopathy
or with direct cortical lesions exhibit marked alterations in neuronal
dendritic development (32, 33). Currently, there is no direct evidence
for a similar impairment of cortical circuitry in preterm survivors with
cognitive disabilities. Nevertheless, preterm infants can exhibit dysma-
ture electroencephalogram (EEG) patterns at 6 weeks of life (34) and
late adolescence (35), which could be a result of abnormal cortical
circuitry. As observed here for fetal ovine cerebral development, human
cortical neurons display amarked increase in dendritic arborization and
synapse formation during the latter half of gestation (16, 17) that
parallels a marked expansion in cortical volume (15, 36). During this
period in development, ischemia may disrupt cortical growth and

connectivity. Unexpectedly, we found that moderate cerebral ischemia
in sheep was not associated with early or delayed neuronal loss or
apoptosis in the cortex, but did trigger significant disruptions in den-
dritic maturation and connectivity. By contrast, in the same animals,
moderate cerebral ischemia was sufficient to cause diffuse but largely
nonnecrotic WMI with selective degeneration of pre-oligodendrocytes
(27). Thus, an ischemia-reperfusion insult that we have shown to be
similar in magnitude in the cortex and white matter (29) appears to
trigger very different neuronal versus glial responses. Cortical neurons
were markedly more resistant to degeneration but were susceptible to
global disturbances in dendritic maturation independent of neuronal
supragranular or infragranular location. Similarly, neurons in the pre-
termhuman cerebral cortex weremarkedlymore resistant to damage in
cases where the cerebral white matter sustained significant nonnecrotic
WMI and glial degeneration (37). Cortical growth is a strong predictor
of later neurocognitive outcome in preterm survivors because neuro-
cognitive testing at 2 and 6 years of age correlated with the rate of ce-
rebral cortical growth between 24 and 44 weeks postmenstrual age

(11). Widespread disturbances in matu-
ration of the dendritic arbormay provide
a structural explanation for the decrease
in cortical growth observed in survivors
of premature birth.

The normal maturational decrease in
cortical FA that occurs in several species
including human (18–22) is hypothesized
to relate to morphological differentiation
of the cortical neuropil (18, 21).We found
that the fetal ovine cortex also demon-
strated a progressive developmental de-
crease in cortical FA, which was disrupted
at 4 weeks after preterm ischemia. Con-
sistent with the notion that normal de-
velopmental changes in FA are related to
increasing structural complexity of neu-
rons, we observed a progressive increase in
cortical volume and dendritic arbor com-
plexity during the 4-week period of our
study. It has been proposed that in the
immature cortex, water diffusion is highly
anisotropic because of the predominant
alignment of cellular processes perpen-
dicular to the pial surface (18, 38), thus
restricting water diffusion in a direction
parallel to the pial surface. With neuronal
differentiation and elaboration of the den-
dritic arbor, the distribution of orienta-
tions of phospholipid bilayer structures
that restrict water diffusion is believed to
becomemore isotropic, causing cortical FA
to progressively decrease (21). In support,
we recently quantified the orientation dis-
tributions of processes ofGolgi-impregnated
cortical neurons in a model of bilateral
enucleation in neonatal ferrets (25) and
found that impairment in the develop-
mental decline in cortical FA was related
to a reduced complexity of dendritic arbors

Fig. 4. Abnormal development of basal dendritic arborization of cortical pyramidal neuronswas seen in the
cerebral cortex at 4 weeks after ischemia. (A) Example of Golgi-stained pyramidal neurons in the control
cortex. Scale bar, 20 mm. (B) Example of computer-assisted reconstructions of representative neurons in
the control (Con) and ischemia (HI) groups. (C to E) Total number of basal dendritic branches (C), total basal
dendritic length (D), and total number of nodes (E) in control (black bars) and ischemia (white bars) groups.
(F) Sholl analysis of the number of basal dendritic intersections in control (closed circles) and ischemia (open
circles) groups. (G to I) Branch order analysis of total number of basal dendritic branches (G), total basal
dendritic length (H), and total number of nodes (I) in control (black bars) and ischemia (white bars) groups.
Analyseswere performed independent of cortical location. n= 100 cells per group. Data aremeans ± SEM.
*P < 0.05, **P < 0.01, ***P < 0.001.
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Cortical alteration after HI injury



Inder TE et al Pediatrics 2005;115:286-294
Ball, G., et al. (2012). Cereb Cortex 22(5): 1016-1024.

27	wks	at	term

Prematurity and basal ganglia 
development



Srinivasan L et al, 
2007, Pediatrics

Nagasunder, A. C., et 
al. (2011). AJNR Am J 
Neuroradiol 32(1): 
185-191.

Basal ganglia volume and WM injury



Image analysis by Group comparison, 
voxel-based-morphometry: Bilateral 
Hippocampuse

Hypocampus

Lodygensky G et al. Pediatr Res. 2008, 63(4):438-443



Cerbellum development and WMI

Limperopoulos et al Pediatrics 2005;115:688-695; Limperopoulos et al Pediatrics 2005;116:844-250



17Mewes A et al. Pediatrics 2006; 118:23-33. 

1 precentral Sulcus
2 central sulcus
3 postcentral sulcus
4 sylvian fissure

Volume, ml, Mean±SD Preterm term p

Central umyelinated WM 36.1±6.0 40.2±5.6 <0.01

Right inferior central UMWM 6.8±1.1 8.0±1.1 <0.0005

Myelinated WM 7.3±2.4 9.8±3.8 <0.02

Central myelinated WM 3.7±1.2 4.8±1.9 <0.05

Occipital myelinated WM 3.1±1.4 4.4±1.9 <0.02

Regional volume quantification: 
Reduction of white matter in preterms 



Ment L et al, Pediatrics, 2009

Change in cerebral growth during 
early adolescence in preterm

Percentage of total cerebral 
volume change, of grey 
matter and cerebellum 
between 8 and12 in 
preterm (PT) and term (T)



Le Bihan D, Breton E.  CR Acad Sci Paris 
1985; 301: 1109-1112

Le Bihan D et al J Magn Reson Imaging 
2001 13:534-546

Parallel 
diffusion

Perpendicular 
diffusion

Fibres

Diffusion imaging of microstructure



Neill JJ, Miller J, Hüppi PS NMR in Biomedicine 2002;15:543-552
Sizonenko et al, Cerebral Cortex, 2007; 17(11): 2609-2617

Tissue characteristics during early 
cortical development
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Apparent coefficient diffusion (ADC) 
and anisotropy (RA) in WM



Indices quantification along the cortico-spinal tract, between the internal 
capsule (abscissa=0)  and the high centrum semiovale (abscissa=1)

Fullterm newborn
Preterm at term

J. Dubois  et al. 2007, Cerebral Cortex
j. Dubois, et al. 2014, Neuroscience

Maturation along WM tract and effect 
of prematurity



Diffusion MRI PT with WMI    PT at T  p-value
mean±SD(n=10)    mean±SD (n=10) 

FA(%): central WM 9.5±1.7   12.9±3.3  0.03
FA(%): Int. Capsule 17.2±3.9   22.8±4.7  0.02
ADC(µm2/ms) Central WM 1.5±0.2   1.5±0.2  n.s.
ADC(µm2/ms) Int. Capsule 1.1±0.1   1.0±0.1  n.s.  

Myelinated WM(cc) 14.5±4.5   23.1±6.9  0.002

Alteration of white matter 
microstructure in preterm with injury

Huppi,	P.	S.,	et	al.	(2001).	Pediatrics	107(3):	455-460.	
Li,	K.,	et	al.	(2015).	Dev	Med	Child	Neurol	57(4):	328-338.	
Counsell,	S.	J.,	et	al.	(2003).	Pediatrics	112(1	Pt	1):	1-7.



Twin1: WM injury and severe neurodevelopmental delay
Twin 2 : no damage and normal neurodevelopment

(courtesy of Simon Warfield and Terrie Inder, Boston)

Twin I Twin 228 weeks

White matter tractography in injury



Nagy Z et al Pediatr Res 2003

Reduction of FA at 11 years 

in WM tracts

Long-term alteration of white matter 
microstructure



26

Favrais, G., et al. (2011) Ann Neurol.

IL-1ß injection in newborn mice

Inflammation: white matter alteration
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IL-1ß injection in newborn mice

Favrais, G., et al. (2011) Ann Neurol.

Inflammation: white matter alteration



With tractography and cortex parcellation, we can depict the 
fibers that link determined areas in the brain and compare 

them between different groups

Tractography Parcelisation

Connectivity assessment by MRI



Connectivity matrix



Cingulate

Inter-hemispheric connectivity



G. Ball et al.. Cortex 10, 2012

Thalamocortical connectivity



Gomez E.F., Vasung L., et al 2014. Cerebral Cortex

Preterm<Controls
Cortico Basal ganglia Thalamo Cortical 
Loop
Short Cortico-cortical
Brain Stem
Subthalamic Commisural

Preterm>Controls
Short Cortico-cortical

Connectivity at 6 years



Summary

van	de	Looij,	Y.,	et	al.	
2014.	Curr	Opin	Neurol.	

Vasung	L.



Thank you for 
your attention


