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Cerebral maturation in foetus
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Cerebral maturation

Celular proliferation
Cellular Migration
Cellular differentiation

Synaptic selection and
reorganisation

Gyration

Myelinisation

in foetus

Coexistence of transient
and permanent circuitry
Experience expectant ’
Sensory Sensory| Experience expectant and dependent
sensitive driven

Endogenous non sensory driven
Experience independent

Enviromentally and socially driven

Experience dependent

Early fetal Late fetal Preterm Neonatal Infancy Childhood Adolescence

Proliferation
Migration
Molecular specification

Neuronal aggregation and|cytoarchitecture

Neuronal dendritic differentiation

Axonal outgrowth and ingrowth ‘

Synaptogenesis and spinog?nesis

Pruning and cell death
|
Neurochemical maturation

Myelinization



Structure

Function

Quels outils pour analyser la fonction cérébrale
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Imagerie fonctionnelle Electromagnétique

__ Direct
Imagerie fonctionnelle Optique
Imagerie Fonctionnelle Métabolique

= Indirect
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A — Analysis of brain development in premature

Tools for the analysis of brain function

Structure MRI
Scanner

Function EEG -
unet N EEG Electric

MEG NIRS Hemodynamic
SPECT

IRMf

Ultrafast Ultrasound

Détecteur

Emeiteur

Scalp
Cran
~

Trajet préférentiel des Cerveau
photons detecies

FEG NIRS



A — Analysis of brain development in prematures

EEG in 16 Y old children
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A —Analysis of brain development in prematures
EEG in 25 wGA premature

ECG A,
S0pV/mm,0.03 5,35 Hz

RESP
300uVvimm,0.3 5,35 HZ




The XXl century in neonatal EEG
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A — Analysis of Brain Development in prematures
A2: rational
The immaturity of the cortex between 28 and 32 wGA

Mesoscopic level

The subplate

20-26wGA the subplate receive thalamocortical afferents
26-28wGA the first afferents reach the cortical plate
28-30wGA the first synapses occur in the cortical plate

Kostovic, 2010



A — Analysis of Brain Development in prematures
A2: rational
The immaturity of the cortex between 28 and 32

Mesoscopic level

The subplate

A Early preterm Late preterm

Non-synaptic
environment

Discontinus AN
Activityinsleep *VV

Continus Activity AS  —~~
Discontinus Activity QS ——,

Wallois et al., 2021

Complex structural and functional relationship?
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The synopsis of functional electrical activitis of the immature brain

Sleep cyclicity

Slow Anterior Dysrhythmia

Frontal Transients

Delta brushes

TTA-SW

TOA-SW

TFA-SW

Sharp frontal delta
wave

Indif.

AS, QS+

+ brushes

AS,

"Tracé alternant"
5s

Discontinuity

Synchrony

Amplitude

50-100 pv

Dominante frequenc
Reactivity

4 Hz

Wallois et al., 2021 Inserm U1105

O: occipital, TO: temporeoccipital 24
QS: Quiet sleep, AS Active sleep
SAD: Slow Anterior Dysrhythmia

36 38 40
WGA

Wallois et al., 2021




The synopsis of functional electrical activitis of the immature brain

Discontinuity

Synchrony

Amplitude

Network based

4

S 45s(@S) -

|

35s

"Tracé alternant

90%

e — _300pv

50100 pv

Dominante frequenc;‘(
Reactivity

| T
4 Hz
Wallois et al., 2021 Inserm U1105

0.5 Hz

O: occipital, TO: temporeo
QS: Quiet sleep, AS Active sleep
SAD: Slow Anteri hmig

ccipital 24

36 38 40
WGA

Wallois et al., 2021
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B — Analysis of Brain Development in prematures
B2: rational

The immaturity of the cortex in 28-32 w GA premature

EEG in preterm is the marker of functional immaturity of the brain

WAWWARZARVIVEVER VARV JV VUV
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28 WGA 32 WGA

The discontinuity suggests that some generators are modified with the development
The occurrence of sleep stage suggests functional input from the reticula



B

The synchrony, the quiescence, the bursts

Quiescent
Period

Quiescent Burst
Period

30 wGA

Burst

o

Quiescent
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Quiescent
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Period

Burst

Burst

Conventional, >0.5Hz
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The synopsis of maturation

Sleep cyclicity Indif.

A Slow Anterior Dysrhythmia

Frontal Transients

Delta brushes

TTA-SW

TOA-SW

TFA-SW

Sharp frontal delta
wave

AS, QS+

+ brushes

AS,

"Tracé alternant"

Discontinuity

Synchrony

Amplitude

~50-100 pv

5 Hz

0.
Dominante frequencs} ;
Reactivity =

4 Hz

Walllois et al., 2021 Inserm U1105

O: occipital, TO xempomoccipiml24 26

QS: Quiet sleep, AS Active sleep
SAD: Slow Anterior Dysrhythmia

| | |
36 38 40
WGA

Wallois et al., 2021




The synopsis of functional electrical activitis of the immature brain

Sleep cyclicity Indif. AS, QS+ AS,

4\ Slow Anterior Dysrhythmia

Frontal Transients

+ brushes
Delta brushes

TTA-SW

TOA-SW

TFA-SW

Sharp frontal delta
wave

Generator based

Wallois et al.



B — Analysis of Brain Development in prematures
B2: rational
The immaturity of the cortex

Frontal sharp waves
(24-28 wGA)

Delta brushes
(29-36 WGA)

Theta Temporal and Slow Wave

Frontal transients
(24-32 wGA) (34-41 WGA)

Wallois et al., 2021

Specific coupled or coalescent oscillators appear and disappear or are masked



B — Analysis of Brain Development in prematures
B2: rational
The immaturity of the cortex

The internal world

Early preterm Late preterm
28lLGA

Delta brushes
(29-36 WwGA)

Frontal sharp waves

Discontinus

Theta Temporal and Slow Wave .
Frontal transients Activityin sleep

(24-32 WGA) (34-41 WGA)

Continus Activity AS
Discontinus Activity QS

Specific coupled or coalescent oscillators appear and disappear or are masked



The coalescence with slow wave

TTA-SW
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Moghimi et al., 2020

The coupling between 2 oscillators: An index of fine tuning within the
immature cortical network



The coupling between 2 oscillators: An index of fine tuning

within the immature cortical network
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Rather
specific to the
sensory
cortices

Wallois et al., 2021
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specific to the
sensory

The wiring of perisylvian areas is in progress
Routier et al., 2017, Adebimpe et al., 2018, Wallois et al., 2021




B — Analysis of Brain Development in prematures
B2: rational
The immaturity of the cortex

The transition

The connection with the external world

Early preterm _ Late preterm

°¥?

Frontal sharp waves Delta brushes
- (29-36 wGA)

nc

40 WwGA

Theta Temporal and Slow Wave Discontinus Continus Activity AS

Frontal transients i \
(24-32 wGA) (34-41 WGA) Activityinsleep ¥ Discontinus Activity QS

Specific coupled or coalescent oscillators appear and disappear or are masked



The connection with the external world

And

Delta brushes

The transition from
endogenous activity not
sensory driven to generators
modulated by exogenous
stimulation

Wallois et al., 2021




EEG

> A cap, especially designed to to
preterm head.

» 64 channels electrodes

»>1It covers the whole head

NIRS

» A probe, especially designed to
to preterm head.

> 16 emitters (8 : each hemisphere)
> 4 detectors (2 : each hemisphere)
» It covers perisylvian areas

19 healthy premature

Recorded during sleep

Stimulated with the same paradigt
Standard
Deviant phonemes
deviant voices

* 12 prematures 28-32 wGA
* Recorded during sleep
* Syllable stimuli
* Standard
* Deviant voices
* Deviant phonemes

© Emitter
g Detector

() Acquisition channel

Mahmouddzadeh et al., PNAS 2013 Mahmouddzadeh et al., Cerebral Cortex 2016



ST ST ST ST ST

ST : Stimulation trial

Experimental Design

e Duration: 108 blocks
* Auditory stimulation: 20 sec
e Silence: 40 sec

—y
—y
—y
—y
—y
—y
—_—
—y

BA or GA

<|Standard

.Dev1ant Voice

-DeV1ant Phoneme




C — ElectrOptical approach in Neurodevelopment

Typical responses (all conditions) ‘
_HD NIRS HR EEG ‘

nnnnnnnnn

Anterior

.........

. - !
0 2000 4000 6000 ms 0 2000 4000 6000 ms

Phonems induced a typical neurovascular coupling to block stimulation in
perisylvian areas (HD NIRS) and a typical Evoked potential to single stimulation
(HR EEG)

HR EEG = Synchronization and habituation are functional in prematures
HD NIRS =» Neurovascular coupling is functional in prematures



C — ElectrOptical approach in Neurodevelopment 55

Objectif: To characterize the ability of the communication areas in prematurs using the
adavantage of both HR EEG and HD NIRS

Relation
v structure/fonction”*
(< 2

a: Asymmetries

NIRS HD - in cortex

N .—-——‘

Left Hemisphere Right Hemisphere

Topoplot of Peaks in Anterior

DP

ST

\ViFa) an
Lell Hemispnere
0: Occipital
L: Left
R:Right
Topoplotof troughs in Po

DV

Topoplot of peaks in Posterior &

™ as en,
Ve Time: -3.47s .|- - P

crsic  Stimulalion: Dsto 205 -5

Mahmoudzadeh et al., Cerebral Cortex 2016 Mahmoudzadeh et al., PWA@%H Right Hemisphere

Results:

HR EEG provides mostly temporal informations
HD NIRS provides mostly spatial informations



C — ElectrOptical approach in Neurodevelopment

HR EEG Mismatch (msec) HD NIRS Discrimination (100 msec)

A 4

MMR1 MMR 2 2, MMR1 MMR2 B

~ 340 ~ 600 ~ 340 ~600 ms
Right Center Left Center

HR EEG provides temporal information about the strategy of the neuronal networks
(Habituation Mismatch) and to a lesser extent spatial informations of at least the laterality
of the Mismatch in temporal structure.

HD Nirs provides spatial informations about the perisylvian structures involved but also the
relative timing of activation of these structures.

Both technics show that the premature at 28 wGA is able to discriminate
between phonems and voices in structures similar to those involved in adults
Congruency of information = Body of evidence



haribo-tagada-pub-2016-kids-voices%20(1).mp4

d: Asymeétries inter-hémisphériques précoces
G

W \ =
MMR1 MMR 2

MMR1 MMR2 B

~ 340
Right

~ 600
Center

~ 340
Left

~600 ms
Center

Réponse
au seul changement
de phonéme

HD EEG

Réponse a la
Nouveauté

p , ! “‘, (voix et phoném
> ) N
s y ‘A.

<

Gauche Droite

HD NIRS

Anatomical substrate

Anatomical assymetry
(Dubois et al., 2012)

Endogenous generators
and

Functional connectivity
Network wiering

(Routier et al, In revision HBM)
Adebimpe et al., submitted)

Habituation
and
Mismatch

Cellular network strategies
(Mahmoudzadeh et al., Cer. Cort, 2016)

Disrimination in
specific areas

Pre functional wirering
(Mahmoudzadeh et al., PNAS 2013)

At the onset of
thalamocortical
connection

(28WGA)

—

Before learning
Genetic fingerprint

Not so Immature

31




Delta brushes

-1- The disappearance of
spontaneous endogenous activity

FIEIEIEN ]

-2- The optimisation of the
connections with the external world

FIEIEE]

Wallois et al., 2021




Delta brushes

-1- The disappearance of spontaneous endogenous activity

-2- The optimisation of the connections with the external world

-3- The wide wiring of the brain

Everywhere

Wallois et al., 2021

32 wGA




Functional electrical maturation of the
frontal lobe during development
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Embryonic Early fetal Late fetal Preterm Neonatal Infancy Childhood Adolescence

Proliferation
Migration
Molecular specifica: n
Neuronal ag -egation and cytoarchitecture
Neuronal dendritic ifferentiation
Axonal outgro th and ingrowth
Synaptogen Fs and spinog%nesis
Pruning and ' Il death

Ne¢ rochemical maturation

Myelinization
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P roetal Transmety A_A
G * brushes
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AS QS
TIASW Qs
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Structure and Function

PP Pirtal Oety
wave

*Tracé aternant™
b2

Dacontirgity 3% 20 155 (QS)

Synchroery

Ampintude
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Conclusion

Leep {7 e dy Iruiul

Sowm Anter o Dynitythmg

Froedal Travsmedy

Cefa Brushes

TEASW
TOA-SW

TFA-SW

Sharp ot oents
mawe

“Tracé allermant
s

Synchrony

Arn il ude
0.5 Hz

CJI:u'v'. Y Lo ‘l.‘] v . -

Reactramy

Endogenous non sensory driven || Coexistence of transient and permanent circuitry
Experience free Experience expectant

What’s about consciousness ?



Nature and Nuture 7
Conscioushess ?




UNIVERSITE minisrere
. e — gducation

de Picardie | J ’ nationale
(‘ = nseignement
SUPErigUT
]W‘ﬁ (2001 = e
PICARDIE c c
JES
LA REGION . 3 AFFAIRES ETRANGERES

ET EUROPEENNES

recherche

FUNCTIONAL IMAGING OF THE HUMAN BRAIN IN

o
] TF EARLY INFANCY
\*\ 4 E '-; :\ - —A
B P
17 =5 :
g, ANR Maia
Merci beaucoup
#P 257 A

Inserm UMR 1105
GEAIMFC

Groupe de Recherche sur I'Analyse Multimodale de la Fonction Cérébrale




