0 ix ntre de Neurolmagerie de
ol 1} fxx Recherche - Paris

Inserm & (CENIR

~

L'image du traumatisme cranien léger

a la croisée de la physiologie et la psychologie

Arnaud Messé, PhD

F
Universitatsklinikum I

Hamburg-Eppendorf

Inserm, UPMC Univ Paris 06, UMRS 678, Laboratoire d’Imagerie Fonctionnelle, Paris | w] AL
Department of Computational Neuroscience, Universitatsklinikum Hamburg-Eppendorf, Hamburg . LS




2 Y ntre de Neurolmagerie de
ol 1] e Recherche - Paris

Inserm & (CENIR

~

Syndrome post-commotionnel

dans le traumatisme cranien léger

- . . " - »
Universitatsklinikum I

Hamburg-Eppendorf

Inserm, UPMC Univ Paris 06, UMRS 678, Laboratoire d’lmagerie Fonctionnelle, Paris 2AAE
Department of Computational Neuroscience, Universitatsklinikum Hamburg-Eppendorf, Hamburg ' ! LT




e syndrome post-commotionne

Mild Traumatic

Social environment
Social support;
Litigation/Compensation

Brain Injury
(trigger)

ey
e LT ™
PR T Bl VT
- Ll
.-.'..'I ‘Y-.'.. .\
- LT

Cognition <—> Emotion F—> Behaviour %
lliness perception; Anxiety; All-or-nothing behaviour;| 7
Perceived stress Depression Limiting behaviour P g

Hou et al., J Neurol Neurosurg Psychiatry (2011).

s

Prcdis]msing
factors

Precipitating
factor

Perpetuating
factors



Fersyndrome post-commotionne

“L'epidemie silencieuse (handicap invisible)”
*Trauma léger ~ 80%

» ~120 000 / an en France (1-3/1000)
> ~1.5 million / an aux Etats-Unis (5/1000)

*Syndrome persistant chez 10 a 20 % des traumas légers
*Probleme de santé publique

> d'ordre socio-professionnel et socio-économique
> ~ 60 milliards de dollars par an aux Etats-Unis pour les traumas

Langlois et al., J Head Trauma Rehabi (2006). Report to Congress on mild traumatic brain injury in the United States, CDC, Atlanta (2003)
Finkelstein, and Associates.The Incidence and Economic Burden of Injuries in the US. NewYork: Oxford University Press (2006).
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> ~ 60 milliards de dollars par an aux Etats-Unis pour les traumas

Origine physiologique, psychogene?

Prédiction?

Langlois et al., J Head Trauma Rehabi (2006). Report to Congress on mild traumatic brain injury in the United States, CDC, Atlanta (2003)
Finkelstein, and Associates.The Incidence and Economic Burden of Injuries in the US. NewYork: Oxford University Press (2006).



- e'syvndrome post-commotionne
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Les lésions axonales diffuses
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'_-' e'syvndrome post-commotionne

Les lésions axonales diffuses
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Gennareli et Graham, Semin Clin Neuropsychiatry (1998). Tagliaferri et al., Acta Neurochirurgica (2006).
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'_-' L'imagerie de diffusion

Structure de la matiere blanche
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- L'imagerie de diffusion

Structure de la matiere blanche

mouvement
brownien des
molécules d’eau
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L'imagerie de diffusion

Structure de la matiere blanche

Le tenseur de diffusion

Basser et al., Biophys J (1994)
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Diffusion moyenne (MD)
Diffusivité axiale (AD)
Diffusivité radiale (RD)

Anisotropie (FA)




'_-' L'imagerie de diffusion

Traumatisme médullaire: pathologie axonale

SMI-31

FIG. 2. SCI segmentation and registration.
Histological sections stained for intact ax-
ons with SMI-31 (a) and for myelin with LFB
({d). Panels b and e are magnified views of
the boxed regions in a and d, respectively. a
The outlines reflect the injured (red) and
spared (blue) WM regions that were manu-
ally segmented on each of the digitized his-
tological sections and registered to the DTI
parameter maps of , (e) and &, (f).

Diffusivité axial Diffusivité radiale

2.5 0.7 % - FIG. 4. SCI-ROI analysis. a: Segmented and
registered ROIs from the SMI-31-stained sec-
2 - /_\ 0.6 1 tions were used to compare i, from the in-
L v 0.5 - jured and spared WM of mice with SCI in
E 1.5 - * E 04 - comparison with values from the WM of con-
o o 0.3 - trol mice. b: The i obtained from ROIs of the
= 1 e LFB-stained sections from the demyelinated
e = 0.2 4 and spared WM of mice with SCI were com-
0.5 1 0.4 - pared with control values. Values represent
the mean values from four mice with SCI and
0 - 0- ) three control mice. Error bars indicate the

a Control \ Spared  Injured b Control  Spared Demyelinated  gpyy «p = 0,05 compared to controls.

Budde et al., Magnetic Resonance in Medicine (2007)



'_-' L'imagerie de diffusion

FIG. 5. EAE segmentation and registration.
Histological sections were stained for intact
axons with SMI-31 (a) and for myelin with
LFE (d). Panels b and e are magnified views
of the boxed regions in a and d, respec-
tively. The outlines reflect the injured (red)
and spared (blug) WM regions that wers
manually segmented on each of the digi-
tized histological sections and registered 1o
the DTl parameter maps of &, () and & (f).
[Color figure can be viewed in the on-
line issue, which is available at www.
interscience. wiley.com.]

Diffusivité radiale
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a Contral Spared  Imjured b Control d Demyelinat

FIG. 7. EAE-ROI analysis. a: Segmentad and registered ROIs from the SMI-31-stained sections wers used to compare the & from the
injured and spared WM of mice with EAE in comparison with the values from the WM of contral mice. b: ROIs from the LFB-stained sections
were used to compare the &, from the demyelinated and spared WM of mice with EAE in comparison with control values. Values represent
the mean values from five mice with EAE and five control mice. Error bars indicate the SEM. *P <= 0.05 compared to controls.

Budde et al., Magnetic Resonance in Medicine (2007)



. Biomarqueurs

*Promoteur I''RME

*Evaluation clinique, neuropsychologique, et imagerie
P rOCéd Ure -Longitudinale (phase aigué et chronique)

*Etude 1: 23 patients TCL et 23 volontaires sains

*Etude 2: 72 patients TCL et 42 témoins

“Neuropsychologie et clinique “Imagerie multimodale

» Evaluation par une psychologue » Structurelle: T1, T2, FLAIR, SWI

* Sophie Caplain * Détection des lésions apparentes,
» Quantifie les troubles des domaines hémorragies, hematomes, etc

* Cognitif (TMTB, Stroop, Baddeley...) » Microstructurelle: DTI

* Emotionnel (HAD, qualité de vie) * Lésions axonales (intégrite)

* Somatique (EVA) » Fonctionnelle: tache de n-back et repos
» Pronostic fonctionnel évalué en chronique * Répercussions sur la fonction

* Absence/présence de SPC

Questionnaire de plaintes




p= 00§ e 0

p < 0,05 corrigé
Messé et al., Proc. HBM, JFR'09 (2009). Messé et al., HBM (2011).



p < 0,05 corrigé

Messé et al., Proc. HBM, JFR'09 (2009). Messé et al., HBM (2011).



PCS- vs. PCS+

p < 0,05 corrigé

Messé et al., Proc. HBM, JFR'09 (2009). Messé et al., HBM (2011).



. Biomarqueurs

Etycle 1

Voxel-Based Morphometry — VBM matiere grise

PCS-vs. C

PCS+vs. C

PCS- vs. PCS+

p < 0,05 corrigé

Messé et al., Proc. HBM, JFR'09 (2009). Messé et al., HBM (2011).



ASSOCIation Jes 1esions axone

aux déficits comportementau: Stude 2

Tract-Based Spatial Statistics — TBSS  diffusivité moyenne

PCS-vs. C

PCS+vs. C

PCS- vs. PCS+

p < 0,05 corrigé

Messé et al., Brain Imaging Behav. (2012).



ASSOCIation Jes 1esIons axone

7 (Ffa 4 a 1 1 ’_', ! -~
aux cléricits comporternentau: =iucle 2

Tract-Based Spatial Statistics — TBSS diffusivité axiale

PCS-vs. C

PCS+vs. C

PCS- vs. PCS+

p < 0,05 corrigé

Messé et al., Brain Imaging Behav. (2012).



'_-' L'imagerie de diffusion

Structure de la matiere blanche




L'imagerie fonctionnelle

Cordes et al., AUNR (2000)



. L'imagerie fonctionnelle

Reéseau céréebral

Ensemble de régions distribuées dans le cerveau interagissant entre-elles, afin de réaliser une tache

Q“i ,;,’;Q &
O Q . ‘Connectivité fonctionnelle §

. Correlation

-~

.
'
.
1

N |

Théorie des graphes

>Degré ;" : Ky
> Efficacité &% :
> Centralité Voo
>Modularité % Af
>... -0

Varela et al., Nat Rev Neurosci (2001). Rubinov et al. Neuroimage (2010).



aux déficits comportementaus: Etude 2

({Cohen's score)

subacute phase

$]0J43U0D "SA +SId

Messé et al., PLoS ONE (2013).



Assoclation cde chzangzrer ’
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aux déficits comportementau: Eiude 2
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Messé et al., PLoS ONE (2013).
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Biomarqueurs -
> Pédoncules cérébelleux (moyen et pontine) 02|
> Cingulaire et faisceau unciné droit 1

Neuropsychologie
» Empan total
> Trail Making Test B

Plaintes
» Dépression
> Troubles de mémoire
> Troubles de concentration
> Ralentissement de la pensée
Messé et al., non publié.

Performance 96%
Sensibilité 88%
Spécificité 99%




o sersyynarome post-commotionne
Résumeé

*Présence de lésions diffuses chez les TCL (DTI)
Atteinte axonale prononcée en présence d'un syndrome




. lersvyndrome post-commotionne
Reéesume

-Présence de lésions diffuses chez les TCL (DTI)
Atteinte axonale prononcée en présence d'un syndrome

-Perturbations fonctionnelles suite au TCL (IRMf au repos)
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> Objectiver les classements et les plaintes par la neuropsychologie et I'imagerie
> Dessiner de nouveaux criteres autres que I'lCD10 ou le DSM-IV
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Abstract. A debate exists concerning whether a mild traumatic brain injury (MTBI) can cause permanent brain-based residuals. t t

This debate is examined by reviewing meta-analytic studies that found no significant effect sizes between large samples of patients
FINANCIAL || ppcRpATIONAL

with and without MTBI at three months post-accident. In contrast, research studies with MTBI patients have captured cognitive
deficits corroborated by positive neuroimaging, which supports the viewpoint that brain-based postconcussive disorders likely
exist in a small minority of individuals. Ongoing hurdles that likely contribute to this debate are identified. This includes the
lack of agreed upon definitions; substantial differences exist between the ICD-10 definition for Postconcussion Syndrome and
the DSM-IV-TR definition for Postconcussional Disorder. Confining the debate to brain-based versus psychologically-based
viewpoints results in a false dichotomy. Instead, a more refined sub-classification of the postconcussive complex is proposed
that captures different constellations across the physical, emotional, and cognitive symptoms complex. Moreover, this diagnostic
framewark attemnpts to expand discipline-based approaches with a patient-based understanding.
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Abstract. A debate exists concerning whether a mild traumatic brain injury (MTBI) can cause permanent brain-based residuals.
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with and without MTEI at three months post-accident. In contrast, research studies with MTBI patients have captured cognitive
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lack of agreed upon definitions; substantial differences exist between the 1CD-10 definition for Postconcussion Syndrome and
the DSM-IV-TR definition for Postconcussional Disorder. Confining the debate to brain-based versus psychologically-based
viewpoints results in a false dichotomy. Instead, a more refined sub-classification of the postconcussive complex is proposed
that captures different constellations across the physical, emotional, and cognitive symptoms complex. Moreover, this diagnostic
framework attempts to expand discipline-based approaches with a patient-based understanding.
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Tract-Based Spatial Statistics — TBSS

diffusivité radiale

p < 0,05 corrigé

Messé et al., Brain Imaging Behav. (2012).
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