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1 Introduction

Chez l'enfant, les tumeurs cérébrales représentent la deuxieme cause de cancer
apres les hémopathies et la premiere cause de déces par cancer. La prise en
charge de cette pathologie apparait donc comme un enjeu de santé publique. Le
pronostic vital de ces enfants est intimement lié a la qualité de la résection
chirurgicale de la tumeur cérébrale. En cas de proximité avec certaines aires
éloquentes du cerveau (motricité et langage), le pronostic fonctionnel peut-étre
impacté par la chirurgie. Depuis un peu plus de dix ans, la chirurgie éveillée avec
cartographie corticale et sous corticale per opératoire (CECCSC) s’est développée
dans le monde de la neurochirurgie adulte. Ce type de procédure est maintenant
réalisé en routine dans certains centres pour la prise en charge de tumeurs
cérébrales sustentorielles localisées en régions éloquentes. Son intérét a été
largement démontré sur le plan fonctionnel. Cette stratégie permet en effet de
réaliser une exérese chirurgicale maximaliste mais respectueuse de la fonction.
Pour des raisons épidémiologiques (faible incidence des tumeurs sustentorielles
de l'enfant) mais aussi probablement par crainte, la CECCSC s’est tres peu
développée chez I'enfant. Elle pose en effet plusieurs problémes, notamment de
coopération, voire de communication chez les plus jeunes. Il existe bien slr par
ailleurs des limites liées a la maturation du systeme nerveux chez les tous petits
pouvant poser des probléemes de paramétrage des outils d’électrostimulation. La
notion de plasticité cérébrale, trop souvent surestimée chez les enfants, a quant a
elle probablement constitué un frein au développement de la technique. Il existe
quelques publications dans la littérature sur cette chirurgie en pédiatrie mais la
plupart des articles concernent des adolescents ou des jeunes adultes.

L’objectif principal de cette these a été le transfert de la CECCSC de 'adulte
a 'enfant. En effet ce type de procédure est pratiquée dans notre service chez
'adulte depuis 2007 et a fait d’ailleurs I'objet d'un travail préalable portant sur la
CECCSC dans les tumeurs de l'aire motrice supplémentaire. Nous avons ainsi
acquis une large expérience ce qui nous permet de réaliser cette procédure chez
'adulte en routine, de facon parfaitement réglée et sécurisée.

Dans un premier temps nous proposons un état des lieux de la CECCSC de

I'enfant dans la littérature puis sur le terrain en France. Ce recensement en



France repose sur I'’encadrement d’'un mémoire pour le certificat de capacité
d’orthophoniste (Université Paris VI) portant sur I'état des lieux de la CECCSC en
France.

Le véritable travail de cette these se divise ensuite en trois parties :

La premiere partie de cette these est le fruit de notre expérience clinique
chez I'enfant. Apres avoir réuni une équipe pédiatrique pluridisciplinaire incluant
anesthésiste-réanimateur, neuropsychologue, orthophoniste et pédopsychiatre,
nous avons étudié la faisabilité de la CECCSC chez I'enfant a travers une cohorte
de 7 jeunes patients agés de 8 a 16 ans. Nous présentons dans cette premiere
partie les spécificités et les adaptations nécessaires chez les enfants. Un certain
nombre de précautions doivent en effet étre respectées notamment en ce qui
concerne la préparation de ces jeunes patients. Dans ce cadre, I'hypnose, en tant
que technique de diversion mentale, nous est apparue comme un outil
indispensable. Ce premier volet de ce travail de thése nous a ainsi conduit a nous
interroger sur certains aspects propres a I'enfant et en particulier leur degré de
maturité qui pourrait constituer une limite infranchissable pour le bon
déroulement de cette chirurgie mais aussi I'impact de la maturation et de la
plasticité cérébrale.

La deuxieme partie de cette theése porte sur I'impact psychologique de
cette chirurgie chez les enfants. Cette seconde partie a été réalisée en
collaboration avec I'équipe de pédopsychiatrie grace a des entretiens répétés.

La troisieme partie de cette these a pour objectif de trouver un moyen de
pallier a ce type de prise en charge en cas de contre indication a une chirurgie
éveillée chez I'enfant. Dans notre expérience cette situation ne s’est présentée
que trés récemment, cependant il nous avait paru indispensable d’explorer cette
éventualité. En effet, un enfant trop immature ou présentant des troubles du
langage en préopératoire, ne peut bénéficier d'une CECCSC dans de bonnes
conditions. L’axe majeur de cette réflexion repose sur l'utilisation de I'IRM
fonctionnelle (IRMf) de repos chez I’enfant. A I'heure actuelle, méme si la CECCSC
reste le « gold standard » pour la résection d’une lésion en zones fonctionnelles,
de nombreux travaux ont été publiés dans la littérature portant sur le bilan
préchirurgical par IRMf chez I'adulte. Contrairement a I'IRMf d’activation qui
nécessite la coopération du patient a travers la réponse a une tache, I'IRMf de

repos est basée sur la fluctuation spontanée de I’activité neuronale et ne nécessite



aucune coopération du patient. Le but ultime de cette troisieme partie est de
comparer le réseau du langage obtenu en préopératoire par IRMf de repos avec la

cartographie du langage réalisée en peropératoire.



2 Etat des lieux de la chirurgie
éveillée

2.1 Rappel : chirurgie éveillée et cartographie corticale chez I'adulte

La question de la CECCSC se pose lorsqu’on se trouve face a une tumeur
cérébrale située en régions fonctionnelles ou «éloquentes» c’est a dire
impliquées dans une fonction (motricité, langage, vision, somesthésie...). En effet,
dans cette situation, en raisonnant comme pour une tumeur en zone non
éloquente, le risque est de réaliser, sous anesthésie générale (AG), non seulement
une résection incomplete mais surtout de provoquer des séquelles
neurologiques. Ce risque de séquelles neurologique est tres élevé puisqu'’il est de
15 a 27,5% dans certaines séries récentes ou l'intervention est réalisée sous AG
sans cartographie corticale directe (1-3). Par ailleurs, il semble encore trop tot
pour se fier uniquement aux techniques d’imageries fonctionnelles et de
tractographie préopératoire car en fonction des publications la corrélation n’est
pas toujours suffisante (4). Le seul moyen a I’heure actuelle de pouvoir monitorer
la fonction pendant une chirurgie en zone éloquente est donc la CECCSC. Cette
technique repose sur la stimulation électrique corticale directe décrite des les
années 1930, qui représente encore a I'heure actuelle le « gold standard » en
termes de cartographie corticale et sous corticale (5). Elle remonte a Cushing,
Forester, Penfield et Boldrey. La technique a été proposée initialement par
Penfield et Boldrey pour les fonctions motrices et sensitives (6) puis par Penfield
et Rasmussen pour le langage (7). La technique princeps repose donc sur les
travaux de Penfield mais aussi d’Ojemann. La technique de cartographie précise a
été largement décrite dans la littérature par la suite (5,8,9) et plus récemment
par Duffau (10-12)(13). Cette technique est résumée dans le tableau n°1.

Il existe en réalité plusieurs écoles selon les intervenants : endormi sous
anesthésie générale (AG) puis réveillé au moment de I'ouverture durale jusqu’a la
fin (14), éveillé du début a la fin avec hypnose (15), endormi-éveillé-endormi,
cette derniere technique mise au point par Duffau a pour intérét de réaliser toute

la premiére partie jusqu’a I'ouverture de la dure-mere sous AG, puis de réaliser la



cartographie corticale et sous corticale et donc la déconnection sous corticale

chez le patient réveillé puis de terminer I'exérese et la fermeture sous AG (16,17).

PARAMETRES DE STIMULATIONS

— impulsions rectangulaires, courant biphasique

— fréquences de 50 a 60 Hz

— intensités de 1 2 6 mA (anesthésie locale) ou de 4 4 18 mA (anesthésie générale)

— augmentation progressive des intensités de 0,5 en 0,5 sur I’écran du générateur (soit de 1 en 1 mA)
durée de stimulation : 1 seconde (sensori-moteur), 4 secondes (fonctions cognitives)

Attention : I'impédance est augmentée chez 'enfant ; I'impédance peut varier dans, au voisinage immédiat et & distance de la tumeur ;
I'impédance peut diminuer aprés exérése lésionnelle

MODALITES PRATIQUES DE STIMULATIONS

— stimuler chaque site au moins 3 fois

— ne jamais stimuler le méme site cortical deux fois successivement

— toujours réaliser un test de vérification sans stimulation entre deux stimulations

! — si tache cognitive, toujours commencer la stimulation avant la présentation de I'item {
— en sous-cortical : majorer les intensités de 2 mA, et répéter trés réguliérement les stimulations ‘
| — toujours garder les surfaces a stimuler & peine humides [
‘ — en cas de crise : irriguer avec du sérum froid ; ne pas restimuler immédiatement aprés |

— stimuler 'ensemble de la surface corticale exposée, tous les S mm?* (puisque sonde de 5 mm d’espacement
’ ; p pwsq P

Attention : ne pas se contenter d’un seul site éloquent, mais chercher les redondances possibles ; une cartographie négative ne protége l
pas, mais pose le probleme de la fiabilité de I'exploration |

ENVIRONNEMENT

— Anesthésie adaptée (propofol + analgésique)

— Surveillance par au moins deux observateurs de I’hémicorps controlatéral lors de cartographie motrice sous anesthésie générale
(membres supérieur et inférieur + face)

— Orthophoniste et/ou neuropsychologue si cartographie des fonctions cognitives

— Taches per-opératoires adaptées (< 4 secondes), sélectionnées en fonction du site Iésionnel, du bilan neuropsychologique et de
T'INF pré-opératoires

Tableau 1: Résumé des parameétres et modalités de stimulation selon Duffau.
Extrait de Duffau, H. (2004). "[Peroperative functional mapping using direct
electrical stimulations. Methodological considerations]." Neurochirurgie 50(4):
474-83 (10).

En ce qui concerne la technique de la cartographie elle méme, tous les auteurs ont
a peu preés les mémes pratiques. Il y a cependant des différences de
considérations notamment en ce qui concerne I'EEG per opératoire qui selon
certains auteurs n’est pas nécessaire (18).

Elle peut étre pratiquée sous anesthésie générale en cas de chirurgie portant sur
I'exérése de tumeurs intéressant la région motrice cependant dans notre
expérience méme en cas de chirurgie en région motrice, il est beaucoup plus
confortable d’opérer en conditions vigiles notamment en ce qui concerne le
risque de déclencher des crises d’épilepsie lors de la stimulation électrique. Il
semble en effet que le seuil épileptogene soit beaucoup plus bas chez un patient

sous AG.

En cas d’exérese de tumeurs intéressant les régions impliquées dans le langage, la
vision et la somesthésie, la chirurgie doit étre réalisée chez un patient éveillé avec
anesthésie locale. Selon H. Duffau, la CECCSC est aussi nécessaire pour opérer

I’hémisphere mineur. Dans le cas du langage, la stimulation a une action



inhibitrice sur la fonction par désorganisation de l'influx nerveux (19). Elle induit
ainsi en pratique des troubles du langage de différents types en fonction de la
zone stimulée qu’elle soit corticale ou sous corticale (manque du mot, troubles de
répétition, paraphasies...). Il semble que le test de dénomination d’'images utilisé
par la plupart des auteurs soit le plus robuste et permette de détecter la majorité

des sites éloquents impliqués dans le langage (20,21).

Figure 1: Résultats de cartographies corticales du langage réalisées sur
d'importantes séries de patients de la littérature. D’apres Chang EF, Raygor KP,
Berger MS. Contemporary model of language organization: an overview for
neurosurgeons. | Neurosurg. 2015 Feb;122(2):250-61 (20). A: Représentation selon
Penfield des sites corticaux (lettre”A”) induisant des troubles phasiques lors de la
stimulation (8). B: Représentation selon Ojemann des sites corticaux induisant des
troubles phasiques lors de la stimulation sur une série de 117 patients. Le petit
chiffre du haut dans chaque zone délimitée par des lignes brisées représente le
nombre de patients stimulés a cet endroit; Le chiffre entouré correspond au
pourcentage de patients dont la stimulation de cette zone a entrainé des troubles
phasiques (5). C: Représentation selon Sanai et Al, des sites corticaux induisant des
erreurs de dénomination lors de la stimulation (22).

On connait maintenant la plupart des sites impliqués dans le langage au niveau
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cortical mais aussi au niveau des faisceaux sous-corticaux de substance blanche.
On sait aussi approximativement quels types de troubles doivent étre attendus en
fonction des sites du langage explorés, qu'ils soient corticaux ou sous corticaux.
Au niveau cortical, Penfield a ainsi décrit plusieurs types de troubles du langage
lors de ses nombreuses cartographies corticales en fonction des sites stimulés sur
I’hémisphere gauche (8): ainsi, selon lui, les sites provoquant une anarthrie
(absence totale de langage) étaient plutot situés au niveau de la pars opercularis
et du gyrus précentral, mais peuvent aussi étre retrouvés au niveau de I'opercule
frontal et des régions temporo-pariétales (cf. figure 1A). En revanche les sites
provoquant les autres troubles du langage tels qu'une anomie (sans anarthrie) et
plus globalement une erreur de dénomination ou une persévération sur un mot,
se situaient plutdt au niveau de la partie postérieure du gyrus frontal inférieur,
des aires temporales postérieures et des aires pariétales inférieures. Cette
répartition a été confirmée depuis par d’autres grandes séries récentes
notamment d’Ojemann (5) (cf. figure 1B) et Berger (22) (cf. figure 1C).

Si cette répartition des sites éloquents semble robuste et reproductible sur ces
grandes séries, il ne faut pas perdre de vue le fait que chaque patient présente
une organisation particuliere de son langage et que celle-ci reste totalement
imprévisible en préopératoire (20). En effet, il existe une grande variabilité
interindividuelle des sites éloquents (5); de plus, la présence d’une 1ésion et
notamment d'un gliome infiltrant provoque une réorganisation locale ou
controlatérale du réseau (23-26). Par ailleurs il faut tenir compte du fait qu'un
site provoquant un trouble phasique correspond a une zone corticale tres limitée
d’environ 1cm?, souvent située juste a coté d’'une zone non éloquente a la
stimulation (5,8). Ces éléments constituent des arguments imparables rendant
indispensable une cartographie corticale chez des patients opérés en zones

fonctionnelles.

En ce qui concerne 'organisation sous corticale du langage, les récentes
avancées majeures reposent essentiellement sur les résultats des travaux de H.
Duffau et de quelques autres auteurs, obtenus lors de chirurgies éveillées
(11,12,26-34). L'objectif est désormais de prendre pour limites d’exérese les
limites fonctionnelles et non plus tumorales. Un schéma de I'organisation sous

corticale des réseaux du langage a été proposé récemment par I'équipe de Berger
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reprenant les principaux faisceaux et les troubles attendus lors de leur

stimulation (20)(cf. figure 2).

Repetition errors and
Speech arrest phonological paraphasias
and dysarthria (temporo-parietal AF and
SLF-tp)

Speech arrest,
dysarthria, and
repetition errors

Syntactical errors
(AF and IFOF/UF)

Semantic
paraphasias

I Superior longitudinal fasciculus (SLF) Il SLF Il

B Inferior fronto-occipital fasciculus (IFOF) ] Arcuate fasciculus (AF)
I Middle longitudinal fasciculus B SLF-tp

.~ Inferior longitudinal fasciculus ' Uncinate fasciculus (UF)

Figure 2: Représentation schématique des principaux faisceaux de substance
blanche impliqués dans le langage et des troubles du langage induits par leur
stimulation électrique. D’apres Chang EF, Raygor KP, Berger MS. Contemporary
model of language organization: an overview for neurosurgeons. | Neurosurg. 2015
Feb;122(2):250-61(20).

Dans les années 1990 et 2000, de plus en plus d’équipes se sont formées a la
CECCSC pour 'exéréese de tumeurs en régions éloquentes (27,35-54).
A T'heure actuelle, 'intérét de la CECCSC n’est plus a démontrer en terme de

pronostic fonctionnel (22) mais aussi de pronostic vital y compris dans les
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tumeurs malignes (48,55). En effet la CECCSC permet une résection plus
importante des tumeurs situées en régions fonctionnelles (56), cette
augmentation du volume tumoral réséqué améliore la survie des patients (57-
60).

Nous avons commencé a réaliser cette chirurgie dans le service de
neurochirurgie du CHU d’Angers en 2007. Elle nécessite un apprentissage
théorique et pratique non négligeable. La CECCSC est maintenant pratiquée en
routine dans le service avec des résultats de plus en plus satisfaisants et constitue
un centre d’intérét majeur dans mon activité de neurochirurgie.

Les trois dossiers cliniques suivants illustrent notre expérience en CECCSC chez
'adulte avec des bons résultats fonctionnels sur la motricité et sur le langage. Il

s’agit de trois dossiers tirés de mon expérience personnelle :

Mouvements
hémicorps gauche

Figure 3: Exemple de chirurgie éveillée d'un gliome infiltrant frontal droit. La
stimulation corticale chez ce patient a permis de délimiter I'aire motrice primaire
droite repérée par les étiquettes corticales. L'intérét dans ce cas était de déterminer
la limite fonctionnelle postérieure motrice et donc de passer en zone saine. La
stimulation sous corticale a permis de localiser le faisceau cortico-spinal et de le
suivre jusqu’a la capsule interne en respectant le bras postérieur. La fleche jaune
montre le bras postérieur de la capsule interne ou la stimulation déclenchait des
mouvements synchrones de l'ensemble de I'hémicorps gauche. La fleche verte
montre le plancher du ventricule latéral droit dont la paroi est ouverte.
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Figure 4 : Exemple de chirurgie éveillée d’'un gliome infiltrant frontal gauche chez
un patient droitier. La stimulation corticale dans ce cas a permis de localiser le
gyrus frontal inférieur et plus particulierement le pied de F3 (gyrus frontal inférieur
: fleche verte). Dans la mesure ou la tumeur infiltrait les gyri frontaux supérieurs et
inférieurs, la limite de résection était le sillon frontal inférieur gauche (dissection
sous-piale). La double fleche blanche désigne la faux du cerveau. La stimulation
sous corticale (fleches jaunes) a permis dans ce cas de déterminer la position du
faisceau longitudinal supérieur (portion supérieure du faisceau arqué) et du
faisceau occipito-frontal supérieur qui constituaient la limite inférieure de la
résection.
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ILF infiltré

IFOF limite
supéro

médiale

Figure 5: Exemple de chirurgie éveillée d'un gliome infiltrant de haut grade
temporal gauche chez un patient droitier. Hormis l'intérét évident du mapping
cortical pour délimiter les limites d’exérese, la stimulation sous corticale a permis
d’identifier le faisceau occipito frontal inférieur (IFOF) grdce a la mise en évidence
de paraphasies sémantiques. Ce faisceau constituait la limite supéro-médiale de
notre exérese. (ILF : faisceau longitudinal inférieur).

Le challenge aujourd’hui n’est plus d’opérer a proximité des zones
fonctionnelles mais bien dans les zones anatomiquement connues pour étre
fonctionnelles. Cette nouvelle vision remet en question la théorie
localisationniste de la neuroanatomie dans laquelle une région cérébrale
correspondait a une fonction précise (61). En effet, il semble que chaque cerveau
soit différent avec une organisation en réseaux interconnectés propres a chacun
reliés par des faisceaux de substance blanche (20). La situation d’'une tumeur
dans le pied de F3 par exemple ne doit pas constituer un frein et rendre un
patient inopérable. De nombreuses publications récentes montrent que I'on peut
opérer sans risque dans certaines régions éloquentes voire les réséquer sans

provoquer de trouble du langage. Ces publications s’appuient sur la résection
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partielle ou complete d’aires corticales comme Broca ou méme de faisceaux

d’association de substance blanche comme le faisceau unciné (20,62-67)(68).

2.2  La chirurgie éveillée chez ’enfant dans la littérature

Dans la littérature internationale, on trouve essentiellement quelques cas isolés
ou petites cohortes d’enfants opérés en CECCSC (cf. tableau 2). La faisabilité de la
CECCSC chez I'enfant a déja été démontré a propos de ces quelques cas. Nous
revoyons dans ce paragraphe, les principales publications de la littérature

portant sur la chirurgie éveillée chez I’enfant:

Number of
Journal, year,| pediatric while| Age of the children | Use of hypnosis
reference awake surgical| (years)

procedures
Neurosurgery 1989| 3 Unspecified No
(2)
Paediatric 1 12 No
Anesthesia 1997
(23)
Paediatric 12 11to 15 No
Anesthesia 2000 not detailed
(22)
Journal of| 8 10to 16 No
Neurosurgery 2003 not detailed
(1)
Journal of Clinical| 3 11,12,16 No
Anesthesia 2004 (9)
Anesthesia 2004| 1 9 No
(21)
Pediatric Anesthesia| 2 16,16 No
2006 (20)
Journal of Clinical| 10 11, 11, 13, 13, 15,| No
Neuroscience 2014 16,16,17,17,17
(10)
Our study: World| 7 11, 12, 14, 14, 15,| Yes
Neurosurgery 2015 15,16
(14)

Tableau 2 : revue de la littérature d’apres Delion et al, World Neurosurg 2015 (14) .
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Dans leur publication « princeps » sur la CECCSC chez I'enfant, Ojemann et
Berger rapportent une série de 26 enfants agés de 4 a 16 ans, opérés de lésions
cérébrales tumorales ou vasculaires situées en régions éloquentes et ayant
nécessité une cartographie du langage (69). Parmi eux seulement 8 ont été
opérés en CECCSC, les autres ont été explorés de fagon extra opératoire apres
mise en place d'une électrode sous durale. Cette derniere technique était
contributive mais nécessitait deux chirurgies et posait un certain nombre de
difficultés, pas seulement infectieuses, chez des jeunes enfants pas toujours
accessibles a une « discipline » suffisante.

Dans cette étude I'enfant le plus jeune opéré en CECCSC était agé de 10 ans. Nous
n’avons cependant pas de précision sur I'dge exact de chacun de ces enfants qui
d’apres les données de cet article ont un age compris entre 10 et 16 ans. La
technique opératoire était bien détaillée. Nous nous sommes d’ailleurs largement
inspirés des travaux de Ojemann en ce qui concerne la technique de cartographie
déja décrite antérieurement (70). En ce qui concerne [I'évaluation
neuropsychologique du langage en per-opératoire, 'auteur utilisait le « object
denomination task » jusqu’a I'dge de 10 ans, pour les plus jeunes enfants. Ce test
de dénomination découle du « Boston Naming Test » mis au point en 1983 (71)
qui constitue un des outils du «Boston Diagnosis Aphasia Examination »,
principale batterie de test d’évaluation de l'aphasie utilisée par les
neuropsychologues du monde entier (72). Il s’agit a I'origine d’'une série de 60
dessins réalisés avec uniquement des traits noirs sur fond blanc précédés d'une
courte phrase « ceci est » qui permet de distinguer 'anomie de l‘anarthrie (10).
Dans notre pratique nous utilisons un équivalent tiré de la DO 80 (73) (cf. annexe
1).

Méme si pour certains auteurs le modele de représentation globale du langage est
a peu pres le méme chez I'adulte et 'enfant (74), il semble d’apres les quelques
publications de la littérature qu’il y ait quelques précautions a prendre avec les
enfants :

En comparant les résultats décrits ci-dessus avec ceux d'une importante série
chez I'adulte (69,70), Ojemann a montré qu’il existait une grande variabilité
interindividuelle dans la population pédiatrique concernant la localisation des

sites éloquents du langage et que la fréquence des erreurs de dénomination
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obtenues lors de la stimulation des méme sites corticaux était plus faible chez les
enfants que chez les adultes (cf. figure 6).

Ceci était aussi observé en séparant le groupe pédiatrique en deux sous-groupes
de plus et moins de huit ans. Il en allait de méme pour Berger auparavant a
propos d’'une série de trois enfants (36). Ceci laissait supposer l'apparition de
nouveaux sites impliqués dans le langage au fil de la croissance et des nouveaux
apprentissages et donc de la maturation cérébrale.

Une publication récente rapporte de facon rétrospective une expérience de
CECCSC chez I'enfant a propos de 10 cas agés de 11 a 17 ans (75). L’age moyen de
cette cohorte était de 14,6 ans. L’auteur décrit la procédure qui semble s’étre bien
passée. Cependant cette étude comprend entre autres deux jeunes de 16 ans et
trois jeunes de 17 ans pour lesquels selon nous la procédure ne requiert pas
d’autre adaptation particuliére par rapport a celle chez 'adulte. Par ailleurs la
procédure n’a pas abouti chez un enfant de 13 ans qui a du étre ré-endormi
compte tenu de difficultés de comportement. Cette étude porte donc
véritablement apres analyse sur 4 enfants agés de 11 a 15 ans.

Les autres publications ont peu d’intérét sur le plan scientifique. Elles concernent
essentiellement I'aspect anesthésique, mais dans chaque cas les interventions
semblent s’étre bien déroulées (76-79), il n'y a cependant pas de précisions
apportées. On notera que dans l'un des articles le test neuropsychologique est

précisé : il s’agit du « aachen aphasia test » (77).
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Figure 6: En haut: représentation des sites provoquant des erreurs de
dénomination sur une série de 26 enfants. En bas: représentation des sites
provoquant des erreurs de dénomination lors de la stimulation corticale sur une
série de 114 adultes. Dans chaque zone corticale délimitée par des lignes brisées, le
numeéro du haut représente le nombre de patients stimulés sur ce site et le nombre
entouré représente le pourcentage d’erreurs de dénominations induites. D’apres
Ojemann, S. G.,, M. S. Berger, et al. (2003). "Localization of language function in
children: results of electrical stimulation mapping." | Neurosurg 98(3): 465-70 (69).
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2.3 Lachirurgie éveillée chez I’enfant en France :

Dans le cadre d’'un mémoire pour le certificat de capacité d’orthophoniste
que j’ai encadré au cours de | ‘année universitaire 2014-2015 (80), nous avons
recensé les centres frangais pratiquant la chirurgie éveillée chez l'enfant et
analysé leurs pratiques :

Alors que la plupart des services de neurochirurgie frangais pratiquent de
facon plus ou moins courante la chirurgie éveillée chez les adultes, peu de centres
ont réalisé cette intervention chez les enfants. Ce recensement a été réalisé sous
la forme de questionnaires adressés aux neurochirurgiens et neuropsychologues
ou orthophonistes concernés de tous les CHU de France sans aucune limite de
temps. Sur 31 services de neurochirurgie contactés, 23 pratiquent en routine la
chirurgie éveillée chez l'adulte. 3 centres n’ont pas répondu. Cette chirurgie
s’adresse aux gliomes infiltrants essentiellement mais aussi a d’autres types de
lésions telles que les gliomes de haut grade, les cavernomes, les métastases, et
méme les malformations artérioveineuses.

Nous avons cherché a savoir pourquoi les services de neurochirurgie qui
pratiquent la CECCSC en routine chez les adultes ne la proposent pas chez les
enfants. Au dela de I'organisation sanitaire de la neurochirurgie pédiatrique et
donc de [Ihabilitation des services de neurochirurgie a pratiquer la
neurochirurgie pédiatrique, certains centres refusent d’opérer des enfants en
CECCSC au prétexte que d’une part les gliomes infiltrants sont tres peu courants
chez les enfants et que d’autre part les tumeurs sustentorielles en général sont
moins fréquentes. D’autres centres estiment que les enfants ont un tel potentiel
de récupération que cette chirurgie n’est pas nécessaire pour leur éviter des
déficits moteurs ou cognitifs définitifs. Ces différents arguments ne nous

paraissent pas valables et seront abordés dans la discussion.

Nous avons répertorié huit centres pratiquant la chirurgie éveillée chez
I'enfant avec par nombre d’interventions les CHU de Toulouse (10 interventions,
10 a 15 ans), Lyon (10 interventions, 7 a 15 ans), Angers (8 interventions, 8 a 16
ans), Marseille (4 interventions, 11 a 15 ans), Nice (2 interventions, 16 et 17 ans),

Paris Kremlin-Bicétre (1 intervention, 9 ans), Paris Pitié-Salpétriere (1

20



intervention, 17 ans) et Necker (1 enfant). Ce qui représente une quarantaine de

cas au total et donc une activité plutdt marginale.

Nombre d'enfants et d'adolescents
opérés en CE par ville

10 ~
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Figure 7 : tiré du mémoire de capacité d’orthophoniste de Suzon chauvat et (80)

En ce qui concerne le type de lésion, on retrouve dans les cas opérés en

France, des astrocytomes pilocytiques, des gangliogliomes, des glioblastomes et
des cavernomes.
Dans tous les centres impliqués, 'ensemble des acteurs de cette chirurgie sont
parfaitement d’accord pour dire que la maturité et donc la coopération de I'enfant
sont des facteurs limitants. Dans tous les cas, la préparation notamment
psychologique préopératoire reste un des éléments les plus importants avec
I'implication d’'un psychologue dans certains centres. Plusieurs centres proposent
des films ainsi qu’'une visite du bloc opératoire aux patients et a leurs familles.
Nous sommes le seul centre a proposer en routine un conditionnement par
hypnose chez les enfants. Cette pratique sera détaillée ultérieurement.

En ce qui concerne le bilan neuropsychologique pré et post opératoire, sa
composition est tres hétérogene en fonction des centres. La plupart des tests
utilisés restent des tests normés chez les adultes. Il n'y a aucune homogénéité.

On retrouve ainsi de nombreux tests :
Bilan RV, Alouette, Edinburgh, LZMA, D080, DEN48, ELO, BDAE, Vol du PC, BALE,
NEPSY, TLOCC, PELEA, Chronodicté.
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En per opératoire, les tests employés restent par contre les méme et
reposent dans tous les centres sur des épreuves de dénomination (adaptées du
« object dénomination task » décrit précédemment), de langage spontané et de
répétition. Ce sont les mémes tests que ceux utilisés chez I'adulte. La durée des
périodes éveillées en fonction des centres va de 15 minutes a deux heures. Un
orthophoniste ou un neuropsychologue, voire les deux, sont systématiquement
présents.

En ce qui concerne le suivi post-opératoire, nous notons encore une
grande hétérogénéité: concernant I’évaluation neuropsychologique post
opératoire notamment, celle-ci n’est pas réalisée au méme moment, ou alors
parfois en libéral avec probablement des méthodes différentes de celles utilisées
en pré-opératoire, ou méme pas du tout. Nous avons finalement peu d’idée
précise sur I’évolution post-opératoire de ces enfants si 'on se base sur les
résultats de cette enquéte. Globalement, sont fréquemment retrouvés en post-
opératoire, un ralentissement général, des troubles du langage plut6t fins et des
difficultés attentionnelles et mnésiques.

Nous nous sommes enfin intéressés, a travers des questionnaires, a la
qualité de vie de ces enfants et de leurs parents en pré per et post opératoire.
Sept enfants et huit couples de parents pris en charge dans des centres différents
ont répondu a ce questionnaire. En ce qui concerne les patients, Il semble que les
explications fournies en préopératoire soient suffisantes mais plutot stressantes
et que le niveau de stress préopératoire des patients était plutdt important. En ce
qui concerne le vécu per-opératoire, seulement un peu plus de la moitié des
patients estimaient ne pas avoir eu de douleurs, tous les patients se sont sentis
par contre bien entourés par I'équipe soignante. En ce qui concerne les parents,
la majorité, sept sur huit, estiment avoir été bien informés. En ce qui concerne la
perception d’'un changement éventuel chez leurs enfants en post-opératoire, les
parents décrivent I'apparition d’angoisses au coucher, d’'une plus grande fatigue,
de difficultés de mémoire, de langage, de changements physiques, intellectuels,

psychologiques et d’'une augmentation nette de maturité.

Ces quelques résultats refletent un certain nombre de problémes :
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On s’apercoit en effet a la lumiére de ces éléments que cette pratique ne semble
pas faire l'objet d’'un consensus chez les enfants, que peu de centres sy
intéressent et que les pratiques sont plutot hétérogenes suivant les rares centres

impliqués.

C’est la raison pour laquelle nous avions proposé en 2014 un projet de
PHRC national aux principaux centres de neurochirurgie pédiatrique francais. La
réponse de la plupart des centres avait été positive (7 centres avaient donné leur
accord). Nous avions donc soumis une lettre d’intention (cf. dossier PHRC) qui
n’a malheureusement pas été retenue (cf. réponse lettre d’intention).
L’objectif de ce PHRC n’était pas tant de démontrer l'intérét ou méme la
faisabilité de la CECCSC chez I'’enfant mais de mettre en évidence et protocoliser
les nécessaires adaptations a prendre en compte afin d’harmoniser les pratiques

et réaliser cette procédure dans de bonnes conditions chez les enfants.
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- 1 Localization of language function in children : result of electrical stimulation mapping
Steven G. Ojemann et Al., J Neurosurg 98 : 465-470, 2003

- 2 Awake craniotomy for glioblastoma in a 9-year-old child

M. Klimek et Al., Anaesthesia 59 : 607-609, 2004

- 3 Language cortex representation : effects of developpemental versus acquired pathology
M. Duchowny et Al., Ann Neurol 1996; 40:31-38

- 4 Tolerance of awake surgery for gliomas : a prospective european low grade glioma
network multicenter study; Beez T et Al., Acta Neurochir (Wien). 2013 Jul ;155(7) :1301-8
- 5 Awake mapping optimizes the extent of resection for low grade gliomas in eloquent
areas

De Benedictis A et Al., Neurosurgery, 2010 Jun ;66(6) :1074-84

RESEARCH PROJECT

Rational (Context and hypothesis, max 320 words)

Resection of brain tumours near eloquent areas is based on a cortical and subcortical
mapping using electrical stimulation during awake surgery. The aim of that surgery is to do
the most complete resection without any sequelae.

This methodology, which is well managed in adults by several teams, needs a substantial
training. We practice this surgery since 2007 with a cohorte of 150 operated patients.
We now use awake surgery for cavernomas and epileptic lesions.

However, until now this approach was difficult to apply to children. The plasticity of brain
has probably limited the development of this technique. Indeed young children with left
cerebral insults or functional hemispherectomy in the first 5 years of life relocate language
to the opposite hemisphere.

After 5 years, the brain plasticity is similar than for adults and every neurologic weakness
could become a neurologic sequelae. A brain mapping of language areas seems extremely
important before tumour resection.

In the paediatric population several difficulties are encountered like cooperation, anxiety,
impact of maturation of the central nervous system on the electrical stimulation of brain and
the need of adapted neuropsychological test usable during surgery. In our experience and
in the literature, this surgery is feasible in children aged 9 to 18 years old without any major
changes compared to the technique used in adults. This surgery would be theoretically
feasible between 5 and 9 years.

Our experience as for the other teams remains limited (about 10 or 12 patients in France).
The low incidence of supratentorial brain tumours in children explains the lack of validation
of this technique in paediatrics patients and the lack of data in the literature. A multicentric
study could facilitate the evaluation of the feasibility in children.

Originality and innovative aspects (max 160 words)

To our knowledge, no major study has been conducted yet regarding children, and French
neurosurgery is probably ahead on this theme through the strong development of adult
awake surgery. Adjustment of this approach to the child will more allow us to explore new
techniques for mental diversion as hypnosis or virtual reality which would facilitate the
experience of children and develop more playful neuropsychological tests. Immersion in a
virtual environment would allow us to take their attention, reduce pain and anxiety outside
the period of test requiring full cooperation. We have already installed a collaboration with
teams working on virtual reality to develop suitable glasses (School of Arts et Metiers, ESIA
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Paris-Laval).

Focus of research

Health technology (tick and then detail):

Drugs L1 Devices [
Procedures and organizational systems used in health care (including Health services?) [

If relevant: date of CE mark / market authorization
Please detail :

Keywords (5):

Paediatrics neurosurgery, awake surgery, cortical and subcortical mapping, supratentorial
brain tumours of child, neuropsychological evaluation

Main objective (Detail, max 48 words)

The main purpose is to measure the feasibility of awake surgery in children aged 5 to 18
years old i.e. to achieve an informative cortical and subcortical mapping in order to obtain
complete surgical resection without resorting to general anaesthesia.

Tick one:

Hypothesis [ Description feasibility Tolerance efficacy [l

Safety efficience 1 Budget impact [ Organization of care [

Tick one:

Etiology Causality3[] Diagnosis [ Prognosis [
Therapeutics (impact on clinical end-points*) [

Therapeutics (impact on intermediate end-point® ) [

Compliance [] Effective Practice Research methodology [
Qualitative Research [ Others[]

2 http://htaglossary.net

3 Studies designed to determine the causes of a disease, the risk of being exposed to a drug, a pollutant etc

4 Example : reduction of myocardial infarction incidence, of mortality

5

Example : reduction of serum cholesterol, improvement of a pain scale
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Secondary objectives (detail, max 160 words)

Assessing the child's experience through a preoperative and mainly postoperative
pedopsychiatric appraisal.

Judging the interest of the techniques of mental diversion and promoting the hypnosis and
virtual reality glasses for the child's comfort during surgery modelled on what is done in the
refection of the bandages under local anaesthesia in severe burns

Validation in the 9 to 18 years old children of the neuropsychological tests of object
denomination task already used in adults during awake surgery and to establish
neuropsychological adapted tests for 5 to 9 years old children usable during cortical
mapping.

Assessing the impact on the functional prognosis (language, motor ability and executive
function)

Evaluate the correlation between MRI preoperative functional mapping and cortical
mapping in children

Evaluate the quality of resection on the postoperative MRI

Primary end point (linked with the main objective)

The feasibility will be evaluated on three points:
- The ability to complete the surgery until the end of the resection of the tumour
without resorting to general anaesthesia
- The ability to obtain at least one full and reproducible positive answer during
the mapping of an area involved in language
- The ability to establish a cortical and subcortical informative mapping of the
exposed brain area

Secondary end points (linked with the secondary objectives)

Improvement of the language disorder or at least stability

Improvement of a motor weakness or at least stability

Improvement of epilepsy

Equivalence of preoperative MRI functional mapping and peroperative cortical mapping.
Growth total or subtotal resection of the tumour on the postoperative MRI control scan.

Study population

Main inclusion criteria

5 to 18 years old children

supratentorial tumour or lesion located near or inside an eloquent area of the brain involved
in language or motricity

Main exclusion criteria

Language disorder too important to allow peroperative neuropsychological exploration

Design (tick + detail max 320 words)

Meta analysis [] Randomized clinical trial [0 if yes: Open LI Single blind [ Double
blind[]

Systematic reviews [ Pragmatic studies [

Quasi-experimental studies (non randomized cohorts ...) U Prospective cohort study [

Case-control study [ Cross-sectional study [
Retrospective cohort[] Administrative / hospital inpatient database research [
Modelisation [] Case series [] Qualitative studies[ ] Others
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Please detail :

The experimental plan is based on an opened and non randomized clinical trial of
feasibility interesting a prospective and multicentric cohort of children aged 5 to 18
years old and suffering from supratentorial brain tumours located near or inside an
eloquent area.

The duration of the trial is fixed at three years. The trial also concerns cavernomas and
epileptic lesions. An area is considered eloquent if it is near or inside a brain area involved
in language, motor ability or both of them.

Preoperative evaluation:

Clinical neurological examination

Neuropsychological evaluation

Pedopsychiatric evaluation

Brain MRI with MR Tractography

Functional MRI (activation functional MRI and resting state functional MRI)

Surgery:

The anaesthetic methodology depends on the experience of the anaesthetic team but it
seems interesting to evaluate hypnosis in the psychological conditioning of the patients
outside the period of test.

Neuronavigation

Peroperative electrocorticography

Cortical and subcortical mapping of language and motricity

Peroperative neuropsychological test with a neuropsychologist

Resection of the lesion

Postoperative assessment:

Clinical neurological examination during the postoperative hospitalization. In case of
surgery in the supplementary motor area the clinical examination must take place three
month after the surgery.

Brain MRI within 48 hours after surgery to evaluate the quality of resection

Neuropsychological evaluation 3 month after surgery

Psychiatric evaluation 3 month after surgery
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If health-economics analysis (tick + detail max 320 words) :

Cost-utility analysis [] Cost-effectiveness analysis [] Cost-benefit analysis [
Budget impact analysisL] Cost-minimization analysis [] Cost-consequence analysis[]
Cost of illness analysis [ Others [J

Please detail :

In the case of a drug trial:

Phase:1[] phase:II[] phase:I/II[] phase:III[] phase: IV []
If comparison groups :
NO

Experimental group (detail max 48 words)

NO

Control group (detail max 48 words)

NO

INCLUSIONS

Duration of participation of each patient (days/months/years):

3 months

Anticipated duration of recruitment (DUR) (in months):

39 months

Total number of scheduled patients / observations to be recruited (NP) (3 digits +
Justification of sample size max 80 words):

According to epidemiologic analysis in the literature about supratentorial tumours Oof|
children and to the recruitment of each team, and by including cavernomas and epileptic
lesions we propose to include 72 patients on the three years
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Number of patients / observations to be recruited / month / center ((NP/DUR)/NC) (2
digits + Justification if more than 2 patients/month/center)

BETWEEN 2 and 5 PATIENTS / YEAR / CENTER

Expected number of patients eligible in the centers

Expected

N° | Name Surname Town Country recruitment/month Total
1 | Puget Stéphanie Paris France 5 /YEAR 15

Pech L : 9
2 Grégoire Marseille France 3 / YEAR

gourg
3 | Mottolese| Carmine Lyon France 2 /YEAR 6
4 | Gimbert | Edouard Bordeaux France 3 / YEAR 9
5 | Listrat Antoine Tours France 3 / YEAR 9
6 |Riffaud Laurent Rennes France 3 / YEAR 9
7 Clermont

Coll Guillaume Ferrand France 2/ YEAR 6
8

Delion Matthieu Angers France 3 / YEAR 9
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Participation of a research network (Detail max 32 words)

" Réseau gliome cancéropéle grand ouest"

Participation of industry (Detail max 64 words)

NO

Others aspects to insure the feasibility of the project (Detail max 64 words)

Several teams have already the experience about a few cases in children, for the others a
transfer of skill from adult to children would be easy, according to the fact that each team
has an adult experience of awake surgery.

The small number of cases in each team facilitates the perfect adherence to the protocol

The follow-up is only of three months

Expected patient or public health benefit (Detail max 320 words)

The central nervous system tumours are the second most common cancer of children. The
prognosis very often depends on the quality of resection. It is therefore essential to operate
the skill transfer of awake surgery from adult to child to ensure optimal management of
them.

In the case of a previous submission, mention the additional aspects relevant to the
recommendations of the scientific committee (Experts comments and corresponding
answers, max 320 words)

NO PREVIOUS SUBMISSION

Veuillez cocher I'appel pour lequel vous soumettez votre projet

Si soumission PHRC-K : [] Si soumission PRME-K : []

http://www.e-cancer.fr/aap/recherche/phrck2014 http://www.e-cancer.fr/aap/recherche/prmek2014
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Letter of intent - Evaluation form
cette fiche anonymisée sera adressée au coordonnateur de projet
This anonymized form will be sent to the project coordinator

N° dossier
Project reference PHRC-K14-161

faisabilité de la chirurgie éveillée chez I'enfant avec cartographie corticale
et sous corticale dans la prise en charge des tumeurs cérébrales

Titre du projet sustentorielles

Project Title feasability of awake surgery in child with cortical and subcortical mapping
for resection of supratentorial tumours
Coordonnateur du projet Matthieu DELION

Project coordinator

RAPPORTEUR 1 - REVIEWER 1
Points forts/Project strengths

» This study explores the feasibility of awake surgery in child with cortical and subcortical
mapping for resection of supratentorial brain tumours which is an important question. The
aim of that surgery is to do the most complete resection without any sequelae.

» This methodology, well managed in adults by several teams was difficult to apply to children.
However, after 5 years, every neurologic weakness in children could become a neurologic

sequelae. A brain mapping of language areas seems extremely important before tumour
resection.

» A multicentric study could facilitate the evaluation of the feasibility in children. The low
incidence of supratentorial brain tumours in children explains the lack of validation of this
technique in pediatric patients and the lack of data in the literature.

» Low cost because based on current practice

Points faibles/ Project’s weaknesses

» Low experience

> Open study may bias the recruitment by selection of a specific type of patients who seem to
be more adequate for this technique

» Judging the interest of the techniques of mental diversion and promoting the hypnosis and

virtual reality glasses for the child's comfort during surgery is well but the methodology of
these different techniques of anesthesia should be well standardized and better designed

PHRC-K 2014 Page 1
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» The funding is limited to travel and accommodations costs of the teams, congress,..Is a
funding necessary for these activities?

RAPPORTEUR 2 — REVIEWER 2

Points forts/Project strengths

» Childhood brain cancer is an area of unmet need.
Points faibles/ Project’s weaknesses

» Is this more a training exercise rather than a research project?

Avis du Comité International de Recherche Clinique en cancérologie
(CIR2C)
Comité d’évaluation du 26 Juin 2014

Lettre d'intention non retenue

e —
PHRC- K 2014 Page 2
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3 La chirurgie éveillée avec
cartographie corticale et sous
corticale chez I'’enfant :
Expérience clinique angevine.

Notre expérience clinique de la CECCSC chez l'enfant repose sur huit
procédures réalisées sur une série de 7 enfants 4gés de 8 a 16 ans. L'un des enfants
a du étre opéré a deux reprises en CECCSC. Une prise en charge par hypnose a été
réalisée chez les cinq derniers patients. Dans tous les cas, la cartographie corticale
et sous-corticale a pu étre réalisée sans difficulté et a été tres contributive, en
utilisant les items de la DO80 (73) (cf. annexe 1) y compris a I'Age de huit ans avec
une coopération tout a fait satisfaisante. Aucun des patients n’a été aggravé sur le
plan neurologique. En termes de résection, 'exérése a pu étre compleéete dans tous
les cas sauf dans un cas ou il restait un résidu centimétrique en région non
éloquente qui a pu étre retiré en chirurgie conventionnelle secondairement.
L’ensemble des résultats de cette étude sont présentés dans une publication (14).
Il s’agit de la seule série francgaise publiée.

Le patient le plus jeune dans notre expérience est une fillette de 8 ans prise
en charge apres la publication de cet article. Il s’agissait d’'une tumeur de l'aire
motrice supplémentaire gauche. Cette enfant a bénéficié de I'ensemble du bilan et
de la prise en charge décrits dans l'article. L'exérése complete d’'une tumeur
Dysembryoplasique Neuro Epithéliale (DNET) a permis de la guérir de son
épilepsie. Malgré son age, la coopération n’a posé aucun probléme et le vécu per

opératoire et a posteriori a été tres bon.
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@ CrossMark

Specificities of Awake Craniotomy and Brain Mapping in Children for Resection
of Supratentorial Tumors in the Language Area

Matthieu Delion"?, Aram Terminassian®, Thierry Lehousse®, Ghislaine Aubin®, Jean Malka®, Sylvie N'Guyen®,

Philippe Mercier'-, Philippe Menei’

BACKGROUND: In the pediatric population, awake
craniotomy began to be used for the resection of brain tumor
located close to eloquent areas. Some specificities must be
taken into account to adapt this method to children.

OBJECTIVE: The aim of this clinical study is to not only
confirm the feasibility of awake craniotomy and language
brain mapping in the pediatric population but also identify the
specificities and necessary adaptations of the procedure.

METHODS: Six children aged 11 to 16 were operated on
while awake under local anesthesia with language brain
mapping for supratentorial brain lesions (tumor and cav-
ernoma). The preoperative planning comprised functional
magnetic resonance imaging (MRI) and neuropsychologic
and psychologic assessment. The specific preoperative
preparation is clearly explained including hypnosis condi-
tioning and psychiatric evaluation. The success of the pro-
cedure was based on the ability to perform the language
brain mapping and the tumor removal without putting the
patient to sleep. We investigated the pediatric specificities,
psychological experience, and neuropsychologic follow-up.

RESULTS: The children experienced little anxiety, prob-
ably in large part due to the use of hypnosis. We succeeded
in doing the cortical-subcortical mapping and removing the
tumor without putting the patient to sleep in all cases. The
psychological experience was good, and the neuro-
psychologic follow-up showed a favorable evolution.

CONCLUSIONS: Preoperative preparation and hypnosis
in children seemed important for performing awake
craniotomy and contributing language brain mapping with

the best possible psychological experience. The pediatrics
specificities are discussed.

INTRODUCTION

ntraoperative direct stimulation during awake surgery is
I considered to be the gold standard for identifying eloquent

cortical sites (19). It was first described by Penfield for
sensory motor function and language functions. The most
common technique is based on the work of Berger and
Ojemann (3, 19). Duffau reintroduced the technique more
recently in France in adults and clearly showed the importance of
the method in term of the quality of resection respecting eloquent
areas (8-10). We can say that today awake craniotomy with intra-
operative direct stimulation is routinely used all over the world to
operate in eloquent areas of the brain in adults.

To the best of our knowledge, only small series have been
conducted regarding children. The few existing studies often
involved young adults and mainly focused on describing the
technical side of the surgery. However, this procedure in children
raises certain questions concerning ethics, psychologic experi-
ence, brain plasticity, cortical language area organization, and
intraoperative direct cortical stimulation in maturating brains.

The main purpose of this publication is less to demonstrate the
feasibility of surgery while awake in children than to expose,
through our clinical experience, the specificities of the adaptation
of this method in children with particular attention on the
psychologic conditioning and psychologic experience of these
patients. We propose using hypnosis to improve the cooperation
and experience for the children. We also insist on the neuro-
psychologic follow-up for each patient. In the discussion we

Key words

m Awake craniotomy

m Children

m Hypnosis

m Language brain mapping
m Neuropsychology

m Supratentorial brain tumor
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explain the specific points of brain mapping and awake crani-
otomy in the pediatric population.

MATERIAL AND METHODS

This publication lies on a morally acceptable clinical study, which
only involves current normal clinical practice. Furthermore, there
are no additional risks for the patient and the benefit in terms of
functional outcome, quality of resection, and survival is demon-
strated and admitted by all.

Population

Our experience is based on 7 procedures on 6 youth from 11 to 16
years old suffering from brain lesions in eloquent areas, operated
on while awake between 2008 and 2015 (Table 1). Patients 2 and 3
were operated on twice while awake. Patient 2 just turned 18 years
old for the second surgery, and patient 3 was 15 years old for the
second surgery. In all cases the preoperative planning included
functional MRI, neuropsychologic examination by a pediatric
speech therapist, psychiatric evaluation (by a child psychiatrist),
and psychological preparation. All but the fourth and the last of
these patients were right-handed. Patient 4 and 6 were actually
left-handed, but the neuropsychologic assessment and functional
MRI concluded a bilateral representation of the cortical sites
involved in language.

Magnetic Resonance Imaging Preoperative Planning

Morphologic and functional MRI were performed for each patient.
The functional MRI in our experience contributes to help shorten
the duration of the peroperative neuropsychologic evaluation by
directly targeting the eloquent areas to be stimulated. However,
care must be taken: The functional MRI does not replace the
electrical cortical mapping and certainly not the subcortical

mapping.

Psychologic Patient Preparation
A child psychiatrist examined each patient before and after
surgery.

We used hypnosis conditioning in the last 5 procedures
(including the second look of patient 3) for anesthetic induction,
peroperative awakening, and during periods without stimulation.

The hypnosis conditioning was done by the anesthetic team. The
patient had been seen in hypnosis clinics 1—3 weeks before sur-
gery by the same trained team to establish communication. The
purpose of this meeting with the hypnotist is intended to collect
some themes about pleasant places and pleasant sensations
including visual, hearing, kinesthesia, smell, and taste. Above the
analgesic effect, the aim of this management is to recreate during
the induction and during the awakening a relaxing environment.
In our experience this approach allows an induction and an
awakening in calm conditions. Hypnosis is also of major interest
for the peroperative periods without stimulation, such as periods
of tumor resection during which cooperation of the child is not
necessary, in creating a spatio-temporal distortion based on the
predefined themes identified from the initial encounter. In
focusing the attention of the child on pleasing situations, the
psychological experience and course of the operation are facili-
tated. Concerning the analgesic effect, hypnosis is obviously
insufficient, so we add intravenous analgesic drugs.

In the last 4 procedures we offered the patient the chance
to meet another child who had been operated on by awake
craniotomy to explain his psychological experience. Among our
patients, there is a 12-year-old girl (patient 4) operated on while
awake and cured of a left parietal cavernoma. This young teenager
is happy to meet other children who need to undergo awake
craniotomy to speak about her psychological experience.

We show the patient pictures and a video describing the
atmosphere of the operating room.

Patient 5 visited the operating room and met the surgical and
anesthetic team before surgery to get acquainted with the
atmosphere.

Neuropsychologic Evaluation

A child language therapist examined the child in each case before,
during and 3—6 months after the surgery. The preoperative and
postoperative evaluation is based on the Boston Diagnosis Aphasia
Examination (12).

The peroperative evaluation is based on the “object denomi-
nation task” described in Ojemann’s work on adults and children,
corresponding to a black line drawing of an object together with
the carrier phrase “this is ...” on a white slide (19, 20). We use a

Table 1. Pediatric Population Operated on by Awake Craniotomy

Sex Hypnosis
Patient Age F/M Handedness Neurologic Presentation Tumor Location Preparation Pathology
1 15 F Right Seizure Left precentral sulcus No Grade 1 ganglioglioma
2 16 M Right Seizure, right facial palsy Left parietal opercula No Grade 1 ganglioglioma
3 14 M Right Seizure Left frontopolar area Yes Grade 3 ependymoma
4 12 F Left Seizure, motor palsy, dysarthria Left parietal postcentral sulcus Yes Cavernoma
3 1 F Right Motor weakness, language Left temporal, parietal, and Yes Grade 3 ependymoma

disturbance occipital lobes

6 14 M Left Seizure Left temporal lobe Yes Cavernoma
F. female; M, male.

1646 WWW.SCIENCEDIRECT.com
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French equivalent test based on the DO 8o (denomination orale)

(5)-

Anesthetic Technique
For the last 5 procedures realized in patients 3 (first and second
look) to 6, the children were put to sleep by hypnosis in addition
to intravenous remifentanil and propofol. The anesthetic team
used a conventional intratracheal intubation for patients 1 to 4,
while for the last 2 patients an appropriately sized laryngeal airway
mask was used. Indeed, in the literature, the use of a laryngeal
mask airway appeared extremely useful in the pediatric population
undergoing awake craniotomy (1, 14). The scalp incision, pin sites
of the Mayfield head holder, scalp nerves, and dura were infil-
trated with diluted 0.2 % ropivacain. The local nervous anesthetic
block was done on the supraorbital, retroauricular, and occipital
nerves.

Patients were woken and extubated after the completion of the
bone flap and before opening the dura.

Surgical Technique

Patients were positioned in the supine or lateral position accord-
ing to the location of the tumor. The skin incision, bone flap, and
infiltration of the dura were done under general anesthesia.

Magnetic resonance intraoperative neuronavigation (Brainlab
AG, Munich, Germany) based on preoperative images was used in
all the cases to assist in locating the brain lesion and facilitate the
growth total removal of the lesion.

After the awakening and extubation of the child and when he
was able to clearly communicate with the neuropsychologist, we
opened the dura and started the electrical cortical mapping. For
each patient we made a large bone flap with a large cortical
exposure, including in each case a motor area to clearly determine
the stimulation threshold, which is defined by the lowest intensity
producing a movement. In practice, a bipolar electrode delivering
a biphasic current is applied to the cortex before the resection,
starting with a 1-mA intensity and increasing by one mA at a time.
On a motor eloquent site this electrical stimulation can induce an
involuntary motor response. For the sites involved in language
function, an object denomination task is presented to the
woken child during each stimulation, according to our adult
experience and the literature (19). We look for transient language
disturbances (aphasic arrest, paraphasia, naming delay). A speech
therapist was present to interpret the kind of language disorder.
During the surgical removal of a tumor, subcortical stimulation
was also used to identify white matter language or motor tracts.
Subcortical stimulation was continuously alternated with
ultrasonic hover resection in a back-and-forth fashion as already
described by some authors (2).

RESULTS

Neuropsychologic Evaluation
Concerning the peroperative language exploration, the use of the
“object denomination task” was useful and clearly understood by
all the children in our study (Figure 1).

Apart from the fourth and fifth patients, the preoperative
assessment did not find any language disturbance: The fourth
patient essentially presented a discreet dysarthria without aphasia,

Figure 1. Peroperative neuropsychological assessment. The 11-year-old
girl is positioned in the right lateral position. The neuropsychologist
presents a slide with a black line drawing of a zebra with the French
words “Ceci est” (“this is").

and the fifth patientfelt a subjective word finding, but no objective
language disorder was identified. She still presented a mental
clouding, which affected her language fluidity and resulted in
global memory difficulties.

Psychologic Preparation

To date, the pediatric psychiatrist did not contraindicate any child
for this procedure. The psychological experience of this surgery
was good for each patient.

Concerning hypnosis, it seemed helpful to facilitate the psy-
chologic experience and cooperation of the children: We noticed
that hypnosis conditioning constitutes an effective and easily
performed method. In an emergency for patient 5 we succeeded in
using hypnosis, too. This patient was examined by the hypnotist
just before the surgery and was also sensitive to hypnosis during
the anesthetic induction and the woken period, as well as the
others. The best example of the efficiency of hypnosis concerns
patient 4. She had an anxious personality, and the psychiatrist’s
assessment suggested slight depression. Thanks to hypnosis, we
obtained good cooperation and the atmosphere was relaxed.

Anesthetic Technique
The use of a laryngeal airway mask seemed ideal when compared
with the conventional intratracheal intubation. The fifth child,
who benefited from this technique, was more comfortable than
the others. The intratracheal intubation often gives the patient,
after extubation, the feeling of having a frog in the throat. It seems
a minor problem, but it may be enough to undermine the coop-
eration of the child during the neuropsychologic examination and
sometimes it makes them cough uncontrollably, causing in some
adult cases acute intracranial hypertension in our experience.
Our global analgesic conditioning, including anesthetic drugs
and local anesthesia, provided complete satisfaction and the
children did not experience any pain during surgery.

WORLD NEUROSURGERY 84 [6]: 1645-1652, DecemBer 2015
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Surgical Technique
We confirmed that surgery while awake is feasible in children aged
11—16 years old. We succeeded in making an informative cortical-
subcortical mapping with an efficient intensity of 1.5—6 mA for
cortical mapping and 5—10 mA for subcortical mapping. The tu-
mor was removed without putting the patient to sleep in all cases.
This technique allowed us to do a total growth resection in 5 of the
6 presented cases without any new neurologic sequelae other than
those present before surgery. The fifth child needed further sur-
gery under general anesthesia for a 1-cm residue located in the
noneloquent area. In this last case the size of the tumor preop-
eratively was estimated at 10 cm in diameter. This second oper-
ation allowed us to finally obtain a total growth resection.
Children who presented a neurologic weakness before surgery had
an improved neurologic status. The second patient presented a
repeat tumor, which was again operated on in while awake.
Figures 2 through 7 illustrate the management of one of our
cases.

Follow-up

The follow-up extends from 1 week for the most recent case to 74

months for the oldest case, with a mean follow-up of 24.3 months.
We present for each patient the neuropsychologic, neurologic,

and radiologic evolution after surgery. The localization and his-

topathology for each patient are outlined in Table 1.

First Case

From the neuropsychologic point of view, the 15-year-old young
girl presented a moderate dysarthria after surgery, which rapidly
improved. Concerning her neurologic evolution, the young girl
presented a partial right brachial and facial palsy, which improved
rapidly thanks to active rehabilitation with a physiotherapist at
home. Furthermore, she did not suffer from any seizures after

Figure 2. Axial view of a preoperative magnetic resonance imaging scan
showing a left parietal lesion in a child with language disturbance.

Figure 3. Coronal view of a preoperative magnetic resonance imaging
scan showing a left parietal lesion in a child with language disturbance.

surgery. In terms of psychiatric impacts, the evolution was fully
satisfactory. The postoperative MRI 3 months after surgery
confirmed a growth total resection, and the other MRIs remained
stable. She continued her education without any difficulties and
received her high school diploma with the maximum result of
“very good.” According to our latest update, she has started
postsecondary education in medical school.

Second Case

From a neuropsychologic point of view, after surgery on this
16-year-old boy we observed a slow ideation and word-finding
problems, which quickly improved with orthophonic rehabilita-
tion at home. The neuropsychologic evaluation 1 month after
surgery did not reveal any difficulties in terms of language. The
detailed assessment still showed some difficulties with the
working memory, verbal learning, and planning process. He
nevertheless partially returned to school and his basketball
training less than 1 month after surgery and then full-time 3
months after surgery. At 3 months the only remaining problems
affect the memory and executive functions. Concerning his
neurologic status, just after surgery he suffered from right pro-
prioceptive disorders. The facial palsy had disappeared after 1
month. The psychiatrist’s evaluation at 1 month did not highlight
any psychopathologic disorder. The first MRI 3 months after
surgery revealed a total growth removal, but 6 months after
surgery the patient presented new epileptic seizure and the MRI
scan I year after surgery showed the occurrence of a tumoral
nodule, which required a surgical second look, again while awake
18 months after the first one without any difficulties and with

1648 WWW.SCIENGCEDIRECT.caom
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Figure 4. Surgical view of the cortical mapping on a left hemisphere in a
child. The cortex is intact in front of the lesion. The vein in the top left
corner corresponds to the end of the sylvian fissure. The letters A, B, and
F correspond to the precentral gyrus identified by stimulation-induced
movements. The numbers 7, 2, 3, and 4 correspond to the postcentral
gyrus identified by stimulation-induced paresthesia. The other letters
correspond to the sites of language disturbances induced by electrical
stimulation. The cortical mapping permitted us to determine the
transcortical approach. The top of the head is on the right of the
photography, and the face of the patient is at the top of the photograph. total growth resection. He just turned 18 years old. It is important
to note that between the two surgeries the patient received his
high school diploma and started postsecondary education,

reflecting the good neuropsychological status. The follow-up was

Figure 6. Axial view of the postoperative magnetic resonance imaging
scan.

Figure 5. Cortical view after resection of the lesion. The vein in the
top left corner corresponds to the end of the sylvian fissure. We used
a transparietal approach through the inferior parietal lobule. At the
bottom of the cavity, we stopped resection after observing repetition
disturbances induced by electrical stimulation. We were at the level of

the arcuate fasciculus. The top of the head is on the right of the Figure 7. Coronal view of the postoperative magnetic resonance imaging
photograph, and the face of the patient is at the top of the photograph. scan.
WORLD NEUROSURGERY B4 [6]: 1645-1652, Decemeer 2015 WWW.WORLDNEUROSURGERY.ORG 1649
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marked by school difficulties attributed to the epileptic treat-
ment, which improved after the treatment was changed. Con-
cerning the neurospsychologic evolution, the last evaluation g
months after the second surgery showed a real improvement.
Some discreet abnormalities persisted in terms of memory and
word finding. The neurologic status was otherwise clearly
normal.

Third Case

In this 14-year-old boy the following operations were simple. The
patient did not present any new neurologic or neuropsychologic
weaknesses. The postoperative MRI confirmed the total growth
resection. He returned to school part-time less than 1 month after
surgery and then full-time 3 months after surgery. The neuro-
psychologic assessment 3 months after surgery was positive and
showed only some minor difficulties concerning working memory,
episodic verbal memory, and graphomotor treatment. He never-
theless had good school results. Unfortunately, 18 months after
surgery, the MRI scan showed an asymptomatique tumor recur-
rence in the same place, which required a surgical while-awake
second look. We performed a total growth resection confirmed
by a postoperative MRI scan, and the following operations were
simple. The examination after surgery did not reveal any diffi-
culties in terms of language. However, we are waiting for the
neuropsychologic assessment.

Fourth Case

In terms of the psychologic experience the case of this 12-year-old
girl was the most complicated to manage. She was anxious, and
the psychiatric evaluation showed a slight case of depression. In
addition to her preoperative weakness (right hemiparesis, pro-
prioceptive troubles, dissociation between verbal and nonverbal
skills, and graphomotor slowdown without language troubles in
the neuropsychologic evaluation), she suffered from painful
algodystrophy. We obtained a total growth resection, and the
following operations were simple. The neurologic disorders per-
sisted but were not exacerbated. She presented a reduced verbal
fluency. She had to be admitted to a rehabilitation department for
active rehabilitation. It is important to note that she returned to
normal school 6 months after surgery. The neuropsychologic
assessment 6 months after surgery showed a global improvement
with a language considered normal, a homogenization of her in-
tellectual competences, and the disappearance of the graphomotor
slowdown. At 11 months post surgery, she is now independent in
her daily life.

Fifth Case

Immediately after surgery we observed the persistence of the
hemiparesis but no major language disturbance. The following
operations were marked by the persistence of right hemiparesis
and the progressive appearance in the first week of language
disturbance, mental clouding, and sedation due to postoperative
hydrocephaly treated by a ventriculoperitoneal shunt. The
neurologic and neuropsychologic status required admission to a
rehabilitation department. Six months after surgery, minor
hemiparesis and minor difficulties in finding words persisted and
the neuropsychologic assessment showed a global improvement.
She has not yet returned to school but is receiving school

teaching in the hospital. She is nevertheless now independent in
her daily life.

Sixth Case

The following operations were simple without any neurologic
weakness. The psychologic experience was good in this anxious
young boy. From the neuropsychologic point of view, the exami-
nation after surgery did not reveal any difficulties in terms of
language. However, we await the detailed assessment in 3 months.
The patient went home 1 week after surgery and was able to return
directly to school.

DISCUSSION

Childhood brain cancer is an area requiring work. Currently,
central nervous system tumors are the second most common
childhood malignancy and the first cause of cancer-related death
in childhood. The mean annual incidence rate was 39 per million
according to the French National Registry of Childhood Solid
Tumor between 2000 and 2008 (6). Among these, only 30%—40%
are supratentorial, 40% of which are on the midline. Furthermore,
supratentorial tumors are more frequent in the 2 first years of life.
This low incidence of supratentorial tumors in children probably
explains the lack of validation of this technique in pediatric
patients and the lack of data in the literature. We now know
clearly that the child’s survival depends on the quality of the
tumor resection and the vicinity of eloquent areas in a non-
negligible number of supratentorial cases explains the absolute
necessity of using awake craniotomy in these children to obtain a
total growth resection.

One of the other reasons that explains the lack of validation of
this method is the “famous” notion of brain plasticity. We think
that this “overvalued” brain plasticity of child has probably
limited the development of the technique. Until recently it was
admitted by most neurosurgeons that a child recovered much
more easily than an adult from a neurologic weakness. Many
publications explain the risk of a negative impact in childhood of
brain tumor surgery on the functional outcome. Even if children
probably recover more easily than adults from a motor point of
view, the neuropsychologic side effect of surgery is difficult to
avoid, causing real neurocognitive deficits (13, 17, 18, 23). The
brain plasticity also does not involve the age range of 11—16 of the
population in our study. It does not concern either the younger
population. Indeed, according to the literature, it seems that
young children can relocate language to the opposite hemi-
sphere, but only during the first 5 years of life (7). After 5 years,
the reality is that the brain plasticity is similar to adults and is
limited to local and reduced plasticity in the area close to the
tumor. On that basis, every neurologic weakness could become
a neurologic sequela. The respect of eloquent areas by awake
craniotomy and corticosubcortical mapping also seems
essential from the age of 5.

The extraoperative mapping by implanted subdural electrodes
constitutes an alternative attractive option in the case of young
children to avoid awake craniotomy (4, 8, 20). This second way
needs two surgeries under general anesthesia and can cause dif-
ficulties in young children, plus there is the risk of infection. It
also does not allow exploration of the subcortical white matter
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pathway. This technique, which has been used for a long time in
epilepsy surgery, at least allows us to demonstrate the efficiency of
brain stimulation in maturating brain in children up to the age
of 2 (7).

Concerning cortical stimulation on maturating brain, each child
operated on while awake in our experience underwent relevant
cortical and subcortical mapping with involuntary stimulation-
induced movement and stimulation-induced errors in naming.
We were never restricted by a problem that could be attributed to a
lack of brain maturation. This result could even be reproduced
under general anesthesia for motor stimulation in each case until
the age of 3. In our group, the stimulation threshold in all cases
was determined on involuntary movements obtained by stimu-
lating motor areas. The intensity used to obtain a positive
response was not significantly different from the intensity used
in adults. Contrary to Jayakar et al., we did not need to exceed
the afterdischarge threshold to obtain a motor or language
response (15). According to Duchowny, the template of language
organization was similar in children and adults (7), but for
Ojemann (20) and Berger (3) there is an important variability in
language cortex localization among children and the abundance
of the eloquent electrically objectified sites was reduced. In
practice this cortical particularity was not a problem in our
experience for the brain mapping of children.

In our opinion, the challenge for pediatric surgery while awake is
to operate on children younger than 15. Currently there are only a
few cases described in the literature and most of them concern
children aged 16 or 17 (11). The main publications of prior
childhood awake craniotomies are presented in Table 2. A recent
publication reports the retrospective experience of awake
craniotomy in 10 patients aged 11—17, with 5 patients aged 16
and 17 (a mean age of 14.6 years) (1). Awake craniotomy at 16 or
17 can be assimilated to awake craniotomy in adults and does
not appear to require any particular approach or adaptation in
particular with regard to the technical aspect of this surgery.
Indeed, as demonstrated earlier, the principle of cortical and
subcortical mapping in children is similar to that in adults apart
from possibly some differences of stimulation intensity. However,

we think that a 16-year-old patient is not as mature as an adult
and requires more psychologic conditioning. Theoretically, this
technique should be used from the age of 5 if we consider the
plasticity possibilities described earlier. In the younger population
it seems important to explain and adapt the operative procedure. A
few examples demonstrating the feasibility of awake craniotomy in
patients aged 10—15 years (1, 20) are described in the literature.
Other publications about younger children come from anesthetic
revues and often refer to isolated cases, without any information
about the execution and adaptation of this technique in children
(16, 21, 22). All these publications focused mainly on the technical
aspect of the brain mapping. Beyond the question of feasibility, the
most important point is to explain how to adapt this surgery for
children. In this way we think that every possibility for improving
the psychologic experience of this surgery should be applied.

Psychologic preparation starts before surgery: We show the
child and parents pictures and videos of a previous procedure to
precisely explain the operation. We observed that a meeting with a
child already operated on while awake, as well as the family, and
the child who is going to be operated on is useful for decreasing
the stress of the operation. In addition, we schedule a visit to the
operating room and nursing team.

Furthermore, the child needs to meet a pediatric psychiatrist. In
our experience it is now always the same therapist who is involved
in this protocol.

Good cooperation and psychologic experience require a total
absence of pain. This is based on the anesthetic analgesic drugs
given by the anesthetic team. It is also achieved by the use of an
efficient local anesthesia and a local anesthetic nerve block of the
entire scalp.

The use of a laryngeal airway mask seemed ideal compared with
the conventional intratracheal intubation. The fifth child, who
benefited from this technique, was more comfortable than the
others.

We also noticed that hypnosis conditioning constitutes an
effective and easily performed method even in an emergency.
Balogun et al., in their recent study, deplore the rejection of the
waking procedure for one patient aged 13 due to combative

Table 2. Prior Published Childhood Awake Craniotomy Series

Journal, Year, Reference Number of Pediatric-While-Awake Surgical Procedures Age of Children (Years) Use of Hypnosis
Neurosurgery, 1989 (3) 3 Unspecified No
Paediatric Anesthesia, 1997 (22) 1 12 No
Paediatric Anesthesia, 2000 (21) 12 11-15 No

not detailed
Journal of Neurosurgery, 2003 (19) 8 10—16 No

not detailed
Journal of Clinical Anesthesia, 2004 (14) 3 11,12, 16 No
Anesthesia, 2004 (16) 1 9 No
Pediatric Anesthesia, 2006 (11) 2 16, 16 No
Journal of Clinical Neuroscience, 2014 (1) 10 11, 11,13, 13, 15, 16, 16, 17, 17, 17 No
Our study 7 11,12, 14, 14,15, 15, 16 Yes
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behavior. We think that hypnosis in this case might have facili-
tated the procedure (1).

This study has a few limitations. The number of children
included is still low, and this small experiment needs to be
evaluated on a larger pediatric population. We are limited,
however, by the low incidence of supratentorial tumors in
children as described earlier. The mean age still remains high,
and this surgery should be broadened to younger children, in
particular to assess the use of hypnosis in the younger popula-
tion. Finally, we have to reflect on the elaboration of a newly
adapted neuropsychologic peroperative test for children younger

CONCLUSION

As in the literature, we observed that this technique is feasible in
childhood and allows us, in almost any case, to arrive at a total
growth resection without major neurologic sequelae. Beyond
confirming the feasibility of pediatric awake craniotomy, we
explained how to adapt the procedure to children with the best
possible psychologic experience and for the best cooperation. As
outlined in the literature, this small experiment needs to be
confirmed on a larger population, but above all on a younger
population from the age of 5.
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4 Impact psychologique :

Forts de notre expérience clinique, nous avons voulu évaluer l'impact
psychologique de la CECCSC chez ces enfants. Nous avons donc repris la méme
cohorte d’enfants. Ce travail initialement rétrospectif est devenu prospectif au
cours de la prise en charge des enfants. Nous avons pour cela collaboré avec
I’équipe de pédopsychiatrie. Des entretiens pédopsychiatriques répétés avant et
apres lintervention ont eu lieu. En préopératoire, une évaluation
pédopsychiatrique était réalisée. En post-opératoire les symptdémes d’état de stress
post-traumatique et de stress aigu selon le DSM V étaient recherchés.

Aucun des patients n’a été contre-indiqué sur le plan pédopsychiatrique. En post-
opératoire, nous n’avons pas retrouvé de symptomes évocateurs d’un état de stress
post-traumatique ou d'un état de stress aigu. Un des enfants a présenté en post-
opératoire des symptémes de dépression qui ont nécessité une psychothérapie de
soutien pendant 6 mois sans traitement psychotrope associé. Ces symptomes
étaient surtout en rapport avec la peur d’'une rechute et ont disparu avec I'IRM de
controle montrant une absence de récidive. On imagine que ces derniers
symptomes auraient pu survenir de la méme facon en cas de chirurgie

conventionnelle.

Dans notre expérience, cette intervention s’avere donc inoffensive sur le plan de

I'impact psychologique.

Les résultats de cette étude sont soumis dans « the journal of clinical psychiatry ».
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Abstract

Background: Intraoperative direct stimulation during surgery while awake is considered to be the gold standard
for identifying eloquent cortical sites. Only a few studies have referenced the psychological impact of this event,
especially in the pediatric population.

Objective : The aim of this clinical study is to present the psychological aspects of surgery while awake in
children. We question the psychiatric contraindications and age limits, but also the impact on children, with
particular attention to the psychological conditioning and psychological experience of these patients.

Methods : Seven patients aged from 8 to 16 years old suffering from brain lesions in the eloquent area and
operated on while awake between 2008 and 2015. The patients met a child psychiatrist before, immediately after
surgery or at 3 months. Data collected included perception and memories of surgery and diagnosis and also their
real-life experience after surgery. Symptoms of posttraumatic stress disorder or acute stress were investigated.
Results : None of the children had initial psychiatric problems. No psychiatric diagnosis was made before
surgery. The child psychiatrist didn't contraindicate any child for this procedure. They experienced very little
anticipatory anxiety. No child presented symptoms of posttraumatic stress disorder or acute stress.

Conclusions : Surgery while awake raises a lot of medical, ethical and psychological questions. The results are
encouraging, allowing us to contemplate using brain surgery while awake for children without particular worries

about the psychological aspect.

Introduction

Brain cancer represents the second most common childhood malignancy and the first cause of death
related to cancer in childhood. Surgery is often necessary and must be as complete as possible. However, a
functional area located close to the tumor can limit the resection. Intraoperative direct stimulation surgery while
awake is considered to be a gold standard for identifying the eloquent cortical sites (motor and language areas) in
the adult population (1). Only small series have been published regarding children (2-10) Indeed, the mean
annual incidence rate of supratentorial hemispheric tumors in children is very low (11). In our center, we
estimate at about 3 children per year are eligible for this procedure while awake. This low incidence explains the
lack of data in the literature. The few existing studies often concerned young adults and focused primarily on
describing the technical aspect of the surgery but, currently, there is no specific international procedure for
operating on such children. In a recent publication we presented our procedure relating to the unique nature of

craniotomy while awake in children, but, as in the literature, psychological aspects still remain understudied (6).
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The main purpose of this publication is to present the psychological aspects of surgery while awake in
children. We question the psychiatric contraindications and age limits, but also the impact on children, with
particular attention to psychological conditioning and the psychological experience of these patients. Few studies
have dealt with the psychological aspects and the patients' perspective of surgery while awake (12-15), but only
concern the adult population. We present here a pilot study on the psychiatric and psychological impact of

surgery while awake in the pediatric population.

Material and methods

Our experience is based on seven patients aged from 8 to 16 years old suffering from brain lesions in
the eloquent area and operated on by while awake between 2008 and 2015 for six of whom the surgery has been
described in another publication. (6). Two of these patients were operated on twice while awake. All pediatric
patients and their parents gave their consent for surgery while awake.

Preoperative

Considering the psychological aspects, all children and their families met the child psychiatrist before
the surgery. The data collected during the interview included basic demographic data, and real-life experience of
the pre-operative symptoms. The main psychological facts were noticed in the medical record and a psychiatric
diagnosis based on DSM 5 was carried out if necessary. Eventually any contraindications to surgery while awake
were identified. The child psychiatrist's interviews were based on semi structured, open-ended, interviews. . A
neuropsychological evaluation with a child language therapist was also carried out before the surgery. This
evaluation allowed us to get to know the young patients before surgery and to appreciate the starting point of the
young patients before surgery so as to adjust evaluation during the surgery. The children met the anesthetic team
for hypnosis conditioning. Indeed. for the last five procedures, we used hypnosis conditioning for anesthetic
induction, preoperative awakening and during periods without stimulation. The patient had been seen in hypnosis
clinics 1 and 3 weeks before surgery. Over and above the analgesic effect, the aim of this management was to
recreate a relaxing environment during both the induction and the awakening. In the last 4 procedures we offered
the patient the chance to meet another child who had been operated on by a craniotomy while awake to explain
their psychological experience. We showed the patient some pictures and a video describing the atmosphere of
the operating room. The patient visited the operating room and met the surgical and anesthetic team before
surgery to get acquainted with the atmosphere (16).

During the surgery:
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A neuropsychological evaluation with a child language therapist was carried out during the surgery.

Hypnosis conditioning was used during the peroperative periods without stimulation, such as periods of
tumor resection during which the cooperation of the child is not necessary. With regard to the anesthetic
technique, the children were put to sleep. Conventional intratracheal intubation or an appropriate-sized laryngeal
airway mask were used. Pin sites for the holder. scalp nerve and scalp incision were infiltrated with diluted
ropivacain.

Considering the surgical aspects, patients were positioned in the supine or lateral position according to
the location of the tumor as shown in figure 1. The patients were woken after the completion of the bone flap and
the infiltration of the dura. After the awakening and the extubation of the child, and when he was able to clearly
communicate with the neuropsychologist, we opened the dura and started the electrical cortical mapping. In
practice, a bipolar electrode is applied to the cortex before the resection, starting with a 1 mA intensity and
increasing by 1 mA at a time. On a motor eloquent site this electrical stimulation can induce an involuntary
motor response. For the sites involved in language function, an object denomination task with the carrier phrase
“this 1s” on a white slide. as shown in figure 1. is presented to the child during each stimulation. in line with our
adult experience and the literature (1) . We looked for transient language disturbance (aphasic arrest, paraphasia,
naming delay). During the surgical removal of a tumor, sub cortical stimulation was also used.

Postoperative :

Patients met the child psychiatrist immediately after surgery and at 3 months. Data collected included
their perception and memories of surgery. diagnosis and also real-life experience after surgery. Symptoms of
posttraumatic stress disorder (PTSD) or acute stress, based on DSM 5. were identified.

A neuropsychological evaluation with a child language therapist was carried out at 3 and 6 months after
the surgery. These evaluations allowed us to specify post operative cognitive sequelae and to focus the
rehabilitation process on objectives.

This publication involves current normal clinical practice and is based on a clinical study in compliance

with Ethics.

Results
Preoperative
For five children, the symptoms leading to discovery of a brain tumor were seizures, generalized for

four children and partial for 1 child. One child had a cerebral hemorrhage, with language problems and facial
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palsy. 1 child had symptoms of high intra cranial pressure. Previously. none of them had a medical history, apart
from 1 child who was operated by conventional surgery for his brain tumor a few months earlier.

All the children were provided with ordinary schooling. None of the children had initial psychiatric
problems. No psychiatric diagnosis was made before surgery. The child psychiatrist didn't contraindicate any
child for this procedure. The children asked a lot of questions before the surgery, searching for reassurance
linked with moderate anxiety for five children and at a higher level for two children. These two children were
anxious about surgery and for one of them symptoms of slight depression were found with a lack of self
confidence and performance anxiety. This anticipatory anxiety never specifically concerned the fact of being
awake during surgery, but more the surgery per se.

However, surgery was always considered a positive event and the family and child were expecting it. A
young patient talked about his fear of having new symptoms of the brain tumors and was impatient for the
surgery. For this child, surgery was considered to be an event which would allow him to no longer feel any
anxiety.

During the surgery

All the children felt reassured and sustained by presence of the child language therapist they had met
before surgery.

Concerning hypnosis. it was always helpful to facilitate the psychological experience and cooperation
of the children: We noticed that hypnosis conditioning constitutes an effective and easily-performed method in
creating a spatio-temporal distortion based on the predefined themes identified from the initial encounter.

Finally. thanks to this kind of management. we succeeded in making a very informative cortical-
subcortical mapping. The tumor was removed without putting the patient to sleep in all cases. This technique
allowed us to do a total growth resection in six of the seven-presented cases without any new neurological
sequellaes other than those present before surgery. The fifth child needed further surgery under general
anesthesia for a one-centimeter residue located in the noneloquent area. This second operation allowed us to
finally obtain a total growth resection. Children who presented a neurological weakness before surgery had an
improved neurological status. No child recalled any pain during surgery.

Post operative

No child showed symptoms of PTSD or acute stress. The children talked about surgery without
difficulty and one of the children had a strong memory of it. These memories were pleasant and the young

patient talked about surgery without anxiety. This child was the patient who was very anxious before surgery.
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For other patients, their memories were often vague and were based on a fantasy. One of the patients was quite
anxious immediately after surgery, he was lucid and coherent, but seemed perplexed. This state ended a few days
later. For this child, there was no hypnosis induction for surgery. One child had symptoms of depression just
after surgery. which necessitated a psychotherapeutic follow up without any psychotropic medication and this
went on for 6 months. The depression was principally about the fear of a relapse. This state ended when

magnetic resonance imaging showed no recurrence.

Discussion

No contraindications were listed in our cohort. Two children had a high level of preoperative anxiety.
With this, surgery took place without any difficulty and in good conditions both for the child and for the medical
team. After surgery, the child was capable of talking about it without fear. We consider that. based on the
indisputable interest of surgery while awake in specific brain tumors. we have to envisage surgery while awake
with no psychiatric exclusion as a rule.

We questioned our views on the minimal age for surgery while awake considering the psychological
and psychiatric aspects. For some authors, craniotomy while awake is not feasible in children under 11 or 12
years of age (7). Nevertheless we found a publication about a craniotomy while awake on a 9-year-old child (2)
and there are a few publications about young patients in the literature (2.3,.5-10). According to our experience
we can confirm that this surgical technique is feasible on a 8 year-old child with good cooperation (6). This
younger patient was very relaxed and attentive during the surgery, even if she was very active before surgery and
during the consultations. In this context. surgery while awake in early age seems to be based on an individual
evaluation of comprehension capacity and the cooperation of the child. It cannot constitute a psychiatric
contraindication as a rule, since the child has consented to it and has good psychological preparation, without
further studies (5). Furthermore, there is no interest in operating them before the age of 5 year. In fact, young
children can relocate language to the opposite hemisphere only during the first five years of life due to efficient
neuroplasticity (19).

Related to the real-life experience from discovering the brain tumor to surgery, we think that the
discovery and diagnosis of a brain tumor are psychologically extremely painful and the child psychiatrist has to
support the child and their family with their expectations and worries. Patients describe the shock of discovering

the first symptoms. often sudden and intense in a child who was healthy before. In fact. in our cohort, five
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children had generalized seizures with residual symptoms such as seizures, headaches, visual problemsor were
aware of fluctuations.

The traumatic impact of surgery while awake was evaluated in interviews with the child psychiatrist. A
traumatic situation depends on two points. First of all, the person must have experienced or faced or been a
witness to a situation which has put their own life or the lives of others in severe danger. This situation must
have provoked severe injuries or seriously endangered the physical integrity of the person or that of others. Then,
reaction to this exposure must have created an intense fear, high levels of distress or a feeling of horror. The
news of a disease affecting a vital organ, especially a brain tumor, carries the weight of a high lethal potential,
corresponds to this definition. PTSD is defined by three clusters (re-experiencing, avoidance/numbing and
increased arousal). However, these symptoms do not summarize the clinical presentation and course, and
individual, familial, but also cultural dimensions have to be considered. For surgery or cancer diagnosis, the
nature of the event is a chance encounter with death and takes on a severe traumatic potential. Brain surgery is
linked with a high level of intrusion anxiety and a lot of fantasies and intense imagination about the surgical
sequence. Surgery appears to be a solution (20), but also as an event which can induce new symptoms which are
going to damage the child, first of all because of the scar, but also symbolically with the loss of the fantasy of a
perfect child with no disease and no disabilities (21). The child’s development may also induce specific
symptoms. For patients over 6 years of age, we may observe anxiety, mood disorders or inhibition, but also
expressions of guilt and academic problems. For adolescents, we can observe behavioral disorders and
aggressiveness, but also substance abuse (22). In our cohort, the children didn't show these signs of PTSD or
acute stress after surgery. The mental suffering seemed to be more linked to the first neurological symptoms and
news of the disease, both for the family and for the child (20). In fact, during our interviews, these elements were
the main points raised instead of the progress of the surgery. The risk of developing PTSD in children is linked
with the seriousness of the event, the age of the child and the parental distress (22—24). We think that in these
situations, parents represent for the child a major protective factor. We have to assess their capacity to be the
main support for their child and offer psychotherapeutic follow-up when they seem vulnerable. In fact, parents
who are suffering severely from the events can become the agents of a traumatic experience. Finally, we argue
that an anticipatory anxiety is always present before any kind of surgery and that the anxiety before surgery
while awake doesn't seem to be any higher. We need further studies to confirm this hypothesis.

Memories of surgery were frequently confused. This seems to be linked with hypnosis and anesthetic

drugs, which could give that kind of feeling, such as a dreamlike experience. This kind of experience has already
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been described in previously-published literature (20). Because of this, we think that surgery appeared to be a
"psychological scotoma". With regard to hypnosis, by focusing the attention of the child on pleasing situations,
the psychological experience and course of the operation are facilitated and with that, none of the children
received any anxiolytic medication before the surgery.

Related to the psychological preparation, surgery while awake requires the perfect cooperation of the
patient. Some authors evoke the necessity of a "state of a perfect harmony" between the patient, the surgeons, the
child language therapist and the anesthetic team (25). This state requires optimal preparation and especially
psychological preparation. We can therefore discuss these particular points.

We think that psychological preparation begins before surgery. This preoperative preparation with
pictures and videos has been recommended by other studies in the adult population to give them an idea of what
to expect during the actual surgery (20). We consider that information and a good understanding of the patient
and their family on the rational behind craniotomy while awake is very important, as has already been shown in
other studies (14.15.26). The information for the pediatric population is specific but we argue that it plays a very
important role in good cooperation and in good outcomes both during and after surgery. The child, being a
participant in this event may facilitate it, and isn’t dispossessed of his body and mind even when surgery and
illness are often linked with these types of feelings. Then the oral consent of all the children appears to be a main
ethical, but also clinical, element.

We also consider that it is very important that children don't feel any pain during surgery. (20.26). In
our cohort. no child reported pain during surgery,

Regarding the international literature, our study results have led to the same conclusions : craniotomy
while awake is feasible in childhood (5). Considering the literature and our experience (6). craniotomy while
awake in children is well tolerated by young patients. But nobody has evaluated the perception of the child and
the psychiatric and psychological impact of that kind of surgery on the child. In the adult literature there are
studies about perceptions of craniotomy while awake (12.13,15.20,27). These studies concluded that craniotomy
while awake is well tolerated by patients and focused principally on such themes as recollections, pain or
discomfort during surgery, satisfaction with surgery while awake or informing patients and didn't specifically
examine the psychological or psychiatric aspects. Surgical questionnaires were often used excepted for one study
(16) which focused on the traumatic impact of surgery while awake and psychiatrists were involved for only two

studies (16, 27). We present these prior publications in table 1.
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This study has certain limitations. The number of children included is still low and this small

experiment needs to be re-evaluated on a larger pediatric population.

Conclusion
Surgery while awake raises a lot of medical. ethical and psychological questions. It seems that the preliminary
results are encouraging, allowing us to contemplate brain surgery while awake for children without any
particular worries about the psychological effects. Age or psychiatric illnesses don't seem to constitute absolute
contraindications as a rule in our knowledge. Some complementary studies are needed to pursue these innovative
and promising procedures. A joint-project between surgeons, child psychiatrists, anesthetic doctors is a capital
element of the follow up (5). A prospective study by the University of Angers is being undertaken at

international pediatric scales. This new study may allow us to refine and clarify these preliminary results.

Figure captions
Figure 1 : Peroperative neuropsychological assessment. The young girl is positioned in the right lateral position.
The head is maintained in a Mayfield head holder. The neuropsychologist present a slide with a black line
drawing of a dog with the mention « this is » in french. In the same time, the neurosurgeon stimulate the cortex

with an electrode.
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Authors, Population Questionnaire Psychiatrist | Themes Principal results
year,
reference
Danks et al., | 21 adults Brief Profil of Mood | Yes Experience AC is useful and
1998 (27) State (POMS) safe
Pain
Recollection
Joy Khu et 27 adults Semi structured No Experience AC is well
al., 2010 tolerated
Information
(20)
Satisfaction
Understanding
Confidence
Wrede etal., | 48 AC Patient evaluation in | Psychologist | Information Good
2011 (12) the perioperative acceptance
43 Autonomy
phase (PPP33)
craniotomy for AC
Communication
with general
Less post
anaesthesia Physical disorders
operative pain
18 to 71 Pain and physical
years old . disorders for
Regeneration
AC
Fear
Accommodation
Wahab et 45 adults Questionnaire No Implication of High level of
al., 2011 designed with patients patient
(14) surgeons satisfaction
Information
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Confidence

Discomfort during

surgery

Post operative pain

Manchella 26 adults Semi structured No Understanding AC is well
etal., 2011 questionnaire tolerated
16 to 78 Confidence
(15)
years old
Recollection
Satisfaction
Bajunaid et | 9 adults Standard No Recollection AC 1s well
al.. 2015 tolerated
Pain
(13)
No pain during
operation
Zemmoura 37 adults Peritraumatic Yes Assessment of a Effectivness of
etal., 2015 hypnosis
dissociative new method
(16)
experience Positive
for AC based on
questionnaire psychological
hypnosis
impact of this
Perceived stress scale
technique
Posttraumatic stress
disorder checklist
scale
Our study 7 patients Semi structured Yes Understanding AC is feasible in
children
from 8 to 16 Anxiety
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years old

Hypnosis

Pain

Recollection

Post operative

stress disorder

No Post
operative stress

disorder

Interest for

hypnosis

AC : Awake Craniotomy

Table 1 : Prior publications on patient's experience in awake craniotomy
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5 IRMf de repos :

Le point de départ de ce projet portant sur l'intérét de I'IRMf en
préopératoire provient de l'idée que les enfants peuvent étre non seulement
aphasiques mais surtout trop immatures pour coopérer. Il nous a donc paru
indispensable de trouver un moyen de palier a la CECCSC.

Comme nous l'avons évoqué en introduction, I'axe majeur de cette réflexion repose
sur l'utilisation de I'IRM fonctionnelle (IRMf) de repos chez l'enfant. A I'heure
actuelle, méme si la CECCSC reste le « gold standard » pour la résection d’une 1ésion
en zones fonctionnelles, de nombreux travaux ont été publiés dans la littérature
portant sur le bilan préchirurgical par IRMf chez I'adulte. Contrairement a I'IRMf
d’activation qui nécessite la coopération du patient a travers la réponse a une
tache, I'IRMf de repos est basée sur la fluctuation spontanée de I'activité neuronale
et ne nécessite aucune coopération du patient. Nous avons pu ainsi montrer non
seulement la corrélation de ce bilan par IRM fonctionnelle de repos avec
I’électrostimulation per opératoire mais aussi sa probable supériorité par rapport a
I'IRMf d’activation en terme de sensibilité et de spécificité quant a la localisation
des aires du langage. En effet 'IRMf de repos nous a permis d’isoler les réseaux
attentionnels qui interferent souvent avec les réseaux du langage obtenus en IRMf
d’activation, lors de la réalisation d’'une tache. De plus 'IRMf de repos apparait
plus performante que I'IRMf d’activation dans la détection des aires impliquées
dans les aspects sémantiques du langage. D’apres ces résultats, I'IRMf de repos
préopératoire pourrait constituer une alternative a la CECCSC en cas d'immaturité

ou méme d’aphasie.

Ces résultats sont présentés dans un article soumis récemment dans la

revue : « Human Brain Mapping ».
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Abstract

Preoperative language functional magnetic imaging (fMRI) aimed to
identify eloquent areas in the vicinity of surgicaly resectable brain lesions.
Primary fMRI methodology consist in imaging a task induced activity (TIA fMRI)
and require a cooperation not always achievable in young children. Resting-
state fMRI (rsfMRI) allow identification of language network (LANG) without
performance of any explicit task. Such a method might be particularly useful in
young patients unable to cooperate. The aim of this study was to compare
preoperative language mapping by rsfMRI to TIA fMRI, and cortical mapping
(CM) during awake craniotomies in children.

Six children aged from 8 to 15 and suffering from brain lesions, were
enrolled in this study. They performed three fMRI sessions including one rsfMRI
and two TIA fMRI sessions. Analysis was performed using a generalized linear
model and a spatial independent component analysis approach for TIA and
rSfMRI respectively.

For each patient at rest, we identify language (LANG), salience network
and ventral attentional network (vATT). In all patients except one, TIA imaging
included main nodes of salience network (SN). Such co-activation of SN together
with LANG was never found at rest. In two of our six patients rsfMRI was able to
detect eloquent areas during cortical stimulation not present in TIA mapping.

This study tends to indicate the superiority of resting state fMRI on TIA in

detecting eloquent areas
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Introduction:

Currently, central nervous system tumors are the second most common
childhood malignancy and the first cause of cancer related death in childhood
[Desandes et al.,, 2014]. Children survival depends on the quality of the tumor
resection. However, when eloquent areas are adjacent to the tumor as in a non-
negligible number of supra-tentorial cases, an informative surgical mapping of
brain areas involved in linguistic function is suitable. Therefore, intraoperative
direct stimulation during awake surgery is considered as the gold standard to
identify language cortical and subcortical sites [Ojemann et al., 2008]. This
procedure common in adults has been seldomly reported in children aged from
9 to 17 years [Balogun et al, 2014; Berger et al, 1989; Delion et al, 2015;
Everett et al., 2006; Hagberg et al,, 2004; Klimek et al,, 2004; Ojemann et al,,
2003; Soriano et al,, 2000; Tobias and Jimenez, 1997].

One reason for this paucity is the lack of cooperation achieved in young
children. Functional magnetic resonance imaging (fMRI) performed
preoperatively is suitable to provide topological information on brain areas
involved in linguistic processes [FitzGerald et al.,, 1997; Hertz-Pannier et al.,,
2014; Mahdavi et al, 2015; Mahvash et al,, 2014; de Ribaupierre et al., 2012;
Roux et al, 2003; Shimony et al,, 2009; Tie et al,, 2014; Tomczak et al., 2000].
Thus, it may challenge conventional surgical mapping to take important surgical
decisions. Classically fMRI is performed by contrasting the brain oxygen level
dependent images of a period of task induced activity (TIA) alternating with a
baseline period. TIA imaging by fMRI has been widely used for preoperative
mapping of the resectable cerebral zones in patients suffering from brain tumor
[FitzGerald et al., 1997; de Ribaupierre et al,, 2012; Roux et al., 2003; Rutten et
al, 2002; De Tiege et al, 2009]. Nevertheless, this non-invasive fMRI method
requires a fair cooperation of the patient, which isn’t always achievable in young
children. Contrary to TIA fMRI, resting-state fMRI (rsfMRI) is based on the
spontaneous fluctuation of intrinsic connectivity networks (ICNs) which may be
defined as sets of brain areas that are synchronous in the low frequency range
typically below 0.1 Hz [Biswal et al., 1995]. Although not fully understood, the

correlation structure of ICNs reflects the neuroanatomical substrate of task-
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induced activity[Fox et al, 2005; Smith et al., 2009]. These spontaneous slow
waves could play a role in Hebbian learning and synaptic long-term shaping
[Beggs and Plenz, 2003; Beggs and Plenz, 2004; Cabral et al,, 2014; Duyn et al,,
2005].

Among other networks the part of ICN corresponding to the language

network has been successfully identified in adults at rest[Cordes et al.,, 2000;
Hampson et al., 2002; Lee et al., 2013; Mitchell et al.,, 2013a; Ter Minassian et al.,
2013; Tie et al,, 2014], thus providing a method to identify brain areas involved
in linguistic process without requiring explicit linguistic task. Furthermore,
identifying ICNs by an independent component analysis represents a strictly
data driven method not requiring prior knowledge [Mitchell et al., 2013a].
Such a method might be particularly useful in young patients with brain lesions
unable to cooperate and who bear potentially atypical language networks. We
present a pilot study about the use of resting state functional MRI (rsfMRI) for
the preoperative mapping of children suffering from brain tumor in eloquent
areas.

The purpose of this pilot study was to compare the efficacy of
preoperative language mapping by rsfMRI to TIA fMRI, and electro cortical
stimulation when available, before and during awake craniotomies in children.
In addition to the validation of the technics in a pediatric population, we also
aimed to individualize cognitive and attentional networks together with
language network. Indeed, various cognitive and attentional process might be

responsible of cerebral activations during linguistic tasks.

Methods:

The study was approved by our local ethic committee (CPP OUEST II,
autorisation date15/11/2012). After written informed consent of both parents,
six children aged from 8 to 15 were enrolled in this study. They were all French
native speakers and handedness was determined by completing the Edinburgh

handedness inventory scale [Oldfield, 1971].
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Details of the population are presented in table 1.

Patient

Sex

Pathology

Language
disturbance

Cortical
mapping

1 (LB)

10

Parasitosis
right superior
frontal gyrus

No

2 (TA1)

Anaplasic
ependymoma
left inferior
frontal gyrus

Yes

Yes

2 bis (TA2)

14

Anaplasic
ependymoma
left inferior
frontal gyrus

No

Yes

3 (DS)

Cavernoma
left supra
marginal

gyrus

Transient
dysarthria

Yes

4(AD)

11

Anaplasic
ependymoma
extending to
left
hippocampus,
left parietal
and left
occipital lobe

yes

Yes

5 (RD)

14

Cavernoma
left inferior
temporal
gyrus

No

Yes

6 (0S)

DNET
left superior
frontal gyrus

No

Yes

Table 1: Main characteristic of patients.
Note that patient 2 (TA) underwent a second surgical procedure 19 months after
the first one. DNET = dysembryoplasic neuroepithelial tumor.
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fMRI acquisition

All datasets were acquired on a 3.0 Tesla MR Scanner (Magnetom®
Skyra Medical Systems ™, Erlangen, Germany). The scanner room was kept dark
during image acquisition. Patients laid supine with the head immobilized by
foam pads and straps. They looked through a prism at a red fixation cross
displayed on a screen at their feet. They were equipped with earphones.
Echo planar imaging sequences were used, covering the whole brain, including
the cerebellum. The parameters were as follows: repetition time = 2280 ms,
echo time = 30ms, flip angle= 90 °, 42 axial slices interleaved, 4 mm-thick, 0-
mm-gap, in plane matrix= 64x64, yielding a voxel size of 3 x 3 x 4 mm3, field of
view = 168 x 187 mm. A T1-weighted anatomical three-dimensional dataset
covering the whole brain was also obtained (192 contiguous axial slices, in-
plane matrix 256x256, yielding a voxel size of 1x1x1mm3) to coregister and

normalize echo planar images.
Task design

After completing the Edinburgh handedness inventory (Oldfield 1971),
subjects performed three 10 minute consecutive sessions beginning with a
resting state session followed by two consecutive blocked design sessions of 10
minutes each.

For TIA fMRI session, we used block paradigms, in which the patients had
to perform the task repeatedly over interest and reference periods of 16 seconds
each. Period of interest consisted of the covert generation of a short sentences
(condition SG) semantically linked to a word heard in the earphones every 4
seconds. During reference period they listened two monotonous tones in
alternance (condition TL) , every 4 seconds. Words and tones were presented
using E-Prime software. Subjects were trained to perform the task beforehand
overtly and then covertly.

For rsfMRI subjects were instructed to keep their eyes open and relax.
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Images processing

fMRI data were analyzed with SPM8 software (Welcome department of
Imaging neuroscience, University College, London, Unitedkingdom;
www. filion.ucl.ac.uk/spm) running under Matlab (the MathWorks, Natick, MA).
The three first acquisition volumes in each functional series were discarded to
allow the longitudinal magnetization to stabilize.
Preprocessing was conducted as follows. First, each patient’s native space
images were corrected for time delays between different slices. Then they were
realigned to the first volume and unwrapped to correct for head movement and
susceptibility distortions. The anatomical dataset was segmented using VBM 8.0
toolbox for SPM®. Co-registration of images from different modalities was
achieved using grey matter segmentation as a reference image and a mean echo
planar of the slice-timed and motion-corrected unwrapped image as the source
image. Normalization of echo-planar images to the standard template provided
by the Montreal Neurological Institute (MNI-template) was then based on the
co-registered grey matter segment. Functional images were transformed to a
final resolution of 3x3x3 mm before being smoothed by an isotropic Gaussian

kernel of 6 mm full-width at half-maximum.

For TIA analysis we used a generalized linear model approach.
Regressors corresponding to each of the 2 conditions were convolved with a
model of canonical hemodynamic response incorporated in SPM8 package. Each
individual time series of pre-processed data sets were then analysed by a voxel -
wise multiple regression. Low frequency noise was removed by a 128 seconds
cut-off high pass filtering. No global signal normalization was applied. The
conditions were the two successive epochs of a trial: tones listening and
sentence generation. In order to obtain an overview of activation specifically
related to sentences processing, elementary contrast SG > TL were individually
determined by t-test. Images were corrected for multiple comparisons at the
voxel level (FWE = 0.05, k extend = 5 voxels).

For rsfMRI data analysis, we used a spatial independent component analysis

approach(sICA) using NetBrainWork™ (htt://www.imed.jussieu.fr/en/equips
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/el/netbrainwork/netbrainwork.php) running under Matlab, for the
identification of large-scale networks. We compute 55 spatial independent
components (ICs) on pre-processed images of each individual run. Individual

spatial components were thresholded at z =2.

Identification of language and attentional networks:

Language network at rest (LANGrest) was identified using the same
criterions used in a previous study [Ter Minassian et al., 2014] : network,
presenting activity within subdivisions of the inferior frontal Gyrus (IFG) [Bozic
et al,, 2010; Marslen-Wilson and Tyler, 2007], angular gyrus (ANG) [Vigneau et
al, 2006]; middle temporal gyrus (MTG) with a peak of activity in its mid-
posterior part in the vicinity of superior temporal sulcus [Devlin et al., 2004;
Dronkers and Ogar, 2004] ; temporal poles [Binder et al, 2011] ; bilateral
caudate [Crosson et al., 2003]; cerebellum [Jansen et al., 2005] and dorsomedial
prefrontal cortex [Alario et al., 2006].

However, the poor statistical level of individual analysis and inter individual
variability justified to retain the presence of T2ml, IFG and ANG either uni or
bilaterally as the main criterions for the identification of LANGrest .

Furthermore, due to the abnormal proportion of left handedness in our
pathological population, we put less emphasis on the lateralization of the
putative LANGrest. As a consequence, some ambiguities could arise. Indeed, the
ventral attention network (VATT) presents similarities with LANG in the
ventrolateral prefrontal cortex, inferior frontal cortex and temporal gyrus in the
right hemisphere in right handed subjects. Noteworthy, activity in inferior
parietal lobule is not the same within these two networks. Activity in inferior
parietal lobule involves temporo parietal junction (TP]) and supramarginal
gyrus (SMG) for vATT in adults [Corbetta et al., 2008] and also in children
[Sylvester et al., 2013] and the more posterior angular gyrus (ANG) for LANG
[Vigneau et al., 2006]. Thus along with previously mentioned areas the presence
of activity in ANG was a major criterion for the identification of LANGrest in case

of left handedness.
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Identification of the salience network was made on the presence of his
cingulo-opercular components: dorsal anterior cingulate cortex (dACC)
posterior pre-SMA and anterior insula/frontal operculum (AIFO) [Farrant and
Uddin, 2015; Uddin et al., 2011].

For each patient we calculated the lateralization index (LI) from
neuroimaging data using LI toolbox for SPM [Wilke and Lidzba, 2007; Wilke and
Schmithorst, 2006].

To perform a second order group analysis, a one sample t-test was
achieved using unthresholded MNI normalized contrast maps SG > TL, and on t
maps of networks of interest for rsfMRI. Images were Monte Carlo corrected for
multiple comparisons (p = 0.005 uncorrected, p = 0.05 corrected cluster extend
k = 188). A two sample t-test was performed between t maps of LANGrest and
contrast maps sentences > tones. Maps of differences were cluster level

corrected (FWE = 0.05).

Surgical procedure and intraoperative direct stimulation

Among these 6 children 5 were operated while awake with an electrical
cortical and subcortical mapping performed intra-operatively. One child
underwent two successive procedures for recurrent ependymoma.

Details of the surgical procedure can be found in supplementary material
annexel.

In a way to identify the sites involved in language function, the peroperative
evaluation was based on the “object denomination task” described by Ojemann
et al. in adults and children. It consisted into a black line drawing of an object
together with the carrier phrase “this is...” appearing on a white slide presented
during each stimulation [Ojemann et al., 2003; Ojemann et al., 2008]. We used a
French equivalent test based on the DO 80 [Deloche and Hannequin, 1997]. We
looked for transient language disturbances (aphasic arrest, paraphasia). A
speech therapist was present to interpret any of language disorder. During the
surgical removal of the tumor, sub cortical stimulation was also used to identify
white matter language or motor tracts. Subcortical stimulation was continuously

alternated with ultrasonic hover resection in a back-and-forth fashion.
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Results:

In all patients we identified the language network at rest and also the
salience network and vATT. Concerning GLM analysis of TIA, we found in one
patient a significant activity in only one of the two sessions.

Results of LI are presented in table 2.

Patient Edinburgh GLM Rest
1(LB) -40 69 84
2 (TA) 64 -6 -67
2bis (TA) 67 68 79
3 (DS) -26 -14 76
4 (AL) 90 62 75
5 (RD) -80 -42 -63
6 (SO) -60 19 43

Table 2 : Laterality Indexes.

Edinburgh : handedness as determined by Edinburgh inventory scale.

GLM and Rest : laterality indexes as determined on individual fMRI data of the
contrast sentences generation > tone listening and t-maps of language network
isolated at rest, respectively. All indexes are scaled from -100 to +100. Positive
values indicate right handedness on Edinburgh and left hemispheric dominance on
GLM and Rest.

In the right-handed patients there was an agreement between the Edinburgh
test and the LI obtained by GLM and resting state except for the first session of
the patient n°2. Noteworthy, among the four left handed patients, only the
patient n°5 (RD) has a right lateralized fMRI LI (right hemispheric dominance).
In the others, the fMRI LI was left lateralized (left hemispheric dominance)
except the LI obtained by GLM in patient n°3 (DS) which is moderately right
lateralized.

In the patient n°1 (BL), we observe major overlaps between language network
obtained by task induced activity (TIA) and a component we identified in rsfMRI
as LANGrest. This child was moderately left handed on Edimburgh laterality test
(ELT). However, language network was left lateralized on both TIA and Rest on
Lateralization Index.This patient presented a neurocysticercosis and was

medically treated : no cortical mapping was avalaible
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The patient n°2 suffering left frontal ependymoma (TA), underwent two fMRI
explorations and two awake surgeries. In the first fMRI exploration the patient
presented moderate speech disturbances and the TIA showed nodes of the
language network on the left hemisphere: T2ml, IFGop and IFGtri. Despite right
lateralization on ELT, TIA was slightly right lateralized as a consequence of a
peak of activity in the right posterior part of superior temporal sulcus i.e. the
counterpart of T2ml ordinary found in left hemisphere in right handed. We
identified LANG at rest as a moderately right lateralized network overlapping
TIA in IFG, bilateral T2ml and other areas of MTG. During the cortical mapping,
we clearly obtained a reproducible language disturbances on the left pars
triangularis and orbitalis corresponding to the overlapping areas of TIA and
LANGrest (paraphasia and anomia).

On the second fMRI, the patient presented no more speech disturbance. Peak of
activity in T2ml was found in the left hemisphere. At Rest we identified the
language network.

Both TIA and Rest included activity in left F3op. The involvement of this area in
the language network was confirmed by the cortical stimulation with language

disturbance.

For the patient n°3 (DS), which is moderately left handed on ELT, we observed a
massive bilateral TIA with a slightly right LI. The peak of activity was found on
right T2ml.

At rest we identified a slightly left lateralized LANG network with main overlaps
with TIA in left hemisphere including ANG but also in right hemisphere where
T2ml was also active.

The cortical stimulation produced an aphasic arrest within the overlap between

TIA and LANGrest on the left ANG.

For the patient 4 (AL), ELT indicated strong right handedness and she presented
with aphasic disorders. TIA included left nodes of language network, T2ml
included. However, no activity was detected in left ANG. LI of TIA indicated a

moderate left dominance. The LANGrest we identified was left lateralized and
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included left ANG and T2ml. These two areas were eloquent under electrical
stimulation during the cortical mapping: stimulation of left ANG produced
semantic paraphasia whereas stimulation of T2ml induced anomia.

For the patient 5 (RD), who appeared strongly left handed on ELT, the GLM
analysis showed a bilateral activation of the temporal planum demonstrating the
lack of cooperation of the patient in TIA. At rest, we identified LANG as a right
lateralized network. Despite this lateralization T2ml was dominant in the left
hemisphere. During surgical mapping of this area by electrical stimulation

speech was suspended. (Supplementary figure).

Supplementary figure: Patient 5 (RD). Per-operative caption of brain surface
superimposed on the fusion in native space of brain mesh with language network

as identified at rest by spatial independent component analysis (LANGrest).
LANGrest is shown at voxel-level z > 2, cluster-size threshold 5 voxels. The yellow
arrow indicates the site where electrical stimulation elicited speech arrest. Note at
this site the activity of T2ml.

For the patient 6 (0S), left handed on ELT, TIA was poorly contributive. No

activity was found in one of the two sessions. In the other one, TIA presented a
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trend to left dominance and involved bilaterally T2ml and inferior frontal gyrus.
Activations were found on bilateral posterior preSMA, immediately posterior to
the lesion. At rest, we identified LANG as a bilateral network moderately left
lateralized. No activity was found on left pre SMA. ANG and T2ml were
dominant on left hemisphere whereas IFG dominated in right hemisphere.
LANGrest overlapped into TIA bilateral T2ml, IFGtri and dorsal IFGop. Electrical
stimulation of left posterior preSMA induced no aphasia or anomia but a clear

and reproducible speech delay. Overlaps of contrast sentences > tones and

LANGrest are shown for each patient in Figure 1.

Figure 1: Individual imaging data of all patients in native space. The left side of
the brain is on the left of the images.

Language network as identified at rest by spatial independent component analysis
(LANGrest) appears in green. Contrast sentences generation > Tone listening of
task induced activity (TIA) appears in red. Overlaps between LANGrest and TIA
appears in yellow. LANGrest is shown at voxel-level z > 2 cluster-size threshold 5
voxels. TIA is shown FWE corrected at voxel level p < 0.05, cluster-size threshold 5
voxels. AIFO : anterior insula/frontal operculum; ANG : angular gyrus ; dACC :
dorsal anterior cingulate cortex ; IFG : inferior frontal gyrus ; SMA/preSMA :
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supplementary and pre-supplementary motor area ; T2ml : postero-superior part
of middle temporal gyrus ; TP : temporal pole.

Table 3 summarizes main findings of fMRI and cortical mapping data.

Patient 1(BL) | 2(TA) | 2bis(TA) | 3(DS) 4(AL) S(RD 6(SO)
T2ml left left left right left no right
ANG no no no left no no no
TP no no no bi no bi no
TIA IFG left | left | left | left left no left
(GLM)
SMA/preSMA bi left bi bi bi no bi
dACC yes yes yes yes yes no yes
AIFO left no bi bi bi no bi
T2ml left right left bi left left bi
ANG left left left left left right left
TP left right left bi left right left
(:Izgl) IFG left left left left left right right
SMA/preSMA left no no left left bi right
dACC no no no no no no no
AIFO no no no no no no no
oM Sl:p(]);lslil:l;;ed NA left left IFG left left T2 ml left no on left
. IFG ANG left ANG T2ml | SMA/preSMA
paraphasia

Table 3: Main findings obtained on fMRI data and by electrical cortical mapping
during awake craniotomy. TIA (GLM): task induced activity analysed by
generalized linear modelling. Rest (sICA) : resting state fMRI analyzed bu spatial
independent components analysis. CM : cortical mapping.

T2ml : posterior superior temporal sulcus. ANG : angular gyrus. TP : temporal pole.
IFG : inferior frontal gyrus. SMA/preSMA : supplementary and pre-supplementary
motor area. dACC : dorsal anterior cingulate cortex. AIFO : anterior insula-frontal
operculum. Anatomic areas in bold italic indicate either eloquent areas identified
at rest but not by TIA, or false positive eloquent area identified by TIA not present
at rest.

In all patients except one (subject 5 RD), TIA included main nodes of salience
network as shown by the large overlap of this network identified at rest with

TIA (Figure 2).

73




AIFO dACC

Figure 2: Individual imaging data of all patients in native space. The left side of the
brain is on the left of the images.

Contrast sentences generation > Tone listening of task induced activity (TIA)
appears in green. Salience network as identified at rest by spatial independent
component analysis (SN) appears in red. Overlaps between TIA and SN appears in
yellow. TIA is shown FWE corrected at voxel level p < 0.05, cluster-size threshold 5
voxels. SN is shown at voxel-level z > 2 cluster-size threshold 5 voxels. AIFO :
anterior insula/frontal operculum; dACC : dorsal anterior cingulate cortex ; SFS :
superior frontal sulcus.

These nodes comprised dACC in all patients and in most cases bilateral AIFO. In
patient 6 (OS) posterior pre SMA associated to SN and TIA activation overlapped

at the site where electrical stimulation induced speech delay (Figure 3).

The pattern of co-activation of SN together with LANG was not found at rest.
Conversely, an activity in AG and TPs was observed at rest in all patients. This

pattern was apparent in TIA in only one patient.
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SMA/preSMA

Figure 3: Individual imaging data of patient 6 (SO) in native space. The left side of
the brain is on the left of the images.

Contrast sentences generation > Tone listening of task induced activity (TIA)
appears in green. Salience network as identified at rest by spatial independent
component analysis (SN) appears in red. Overlaps between TIA and SN appears in
yellow. TIA is shown FWE corrected at voxel level p < 0.05, cluster-size threshold 5
voxels. SN is shown at voxel-level z > 2 cluster-size threshold 5 voxels. AIFO :
anterior insula/frontal operculum; dACC : dorsal anterior cingulate cortex ; SFS :
superior frontal sulcus. TIA and SN overlapped at the junction of supplementary
and pre-supplementary motor area. Electrical stimulation of this area adjacent to
the lesion (indicated by the blue flash) elicited no anomia or paraphasia but a
slight naming delay.

Table 4 and Table 5 indicate the coordinates of peak of differences between TIA
and LANGrest at the group level. This analysis confirms the evidence found at
the individual level : LANGrest presents greater activity in areas involved in
semantic processing [Binder et al., 2009; Binder et al, 2011; Vigneau et al,

2006], TIA presents greater activity in nodes of SN.
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Area k X y z
L Cuneus 1067 7.27 2 -69 24
R Precuneus 5.17 14 -58 42
L Angular Gyrus 702 6.43 -45 -52 31
L Superior Frontal Gyrus 394 7.29 -12 66 24
L Superior  Medial  Gyrus 6.29 -6 59 40
(DMPFC)

R Angular Gyrus 306 6.67 66 -49 27
R SMA 233 5.02 6 -16 55
R MCC 4.98 12 -10 51
L MCC 4.93 -3 -10 43
L PrF3op 226 6.37 -33 18 31
L Middle Temporal Gyrus 115 5.02 -60 -28 -8
R Paracentral Lobule 114 6.58 8 -25 63
R Middle Temporal Gyrus 107 5.01 58 -67 18
L InferiorTemporal Gyrus 75 7.93 -57 -21 -32
R Temporal Pole 61 5.21 41 23 -30
L Superior  Medial  Gyrus | 59 4.67 -2 48 40
(DMPFC)

R IFG (p. Triangularis) 57 5.37 63 32 21
R Superior Parietal Lobule 53 4.59 23 -55 61
L Middle Temporal Gyrus 48 5.66 -71 -37 4
R Superior  Medial  Gyrus | 48 4.33 11 59 40
(DMPFC)

R Superior  Frontal  Gyrus 4.11 15 56 39
(DMPFC)

Table 4 : Two samples t-test, greater activity in LANGrest compared to TIA.

The significant local peak maxima were obtained under a threshold of p rFwEcorr <
0.05 at the cluster level, cluster-size threshold 48 voxels; T¢ = T value for 6 degrees
of freedom ; anatomical labels were derived from the anatomy toolbox for SPM ; k
= cluster extend in voxels, in case of multiple peaks in the same anatomic area of a
cluster, only the maximal peak is reported for this anatomic area ; x,\y,z = the
original SPM coordinates of the MNI space in millimetres.
Italics indicate areas involved in semantic processing [Binder et al., 2009; Binder

etal, 2011; Vigneau et al., 2006]

DMPFC : dorso-medial prefrontal cortex. MCC : middle cingulate cortex. PrF3op :

pre-inferior frontal gyrus opercularis. IFG :
supplementary motor area.

inferior frontal gyrus ; SMA :
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Area k T® X y yA
RdACC 3264 10.27 17 32 25

R Caudate /Putamen 8.33 20 23 -5
R Insula Lobe (AIFO) 7 31 24 12
L IFG (p. Triangularis) 5.94 -35 30 7
R Precuneus 809 4.95 14 -43 13
R ParaHippocampal 265 6.05 35 -30 -15

Gyrus

R Hippocampus 5.46 38 -33 -6

R Thalamus 4.36 24 -22 -5
R Lobule VI 75 5.34 30 -49 -38

R Lingual Gyrus 60 5.49 24 -82 -2

Table 5 : Two samples t-test, greater activity in TIA compared to LANGrest.

The significant local peak maxima were obtained under a threshold of p FwEcorr <
0.05 at the cluster level, cluster-size threshold 48 voxels; T®= T value for 6 degrees
of freedom ; anatomical labels were derived from the anatomy toolbox for SPM ; k
= cluster extend in voxels, in case of multiple peaks in the same anatomic area of a
cluster, only the maximal peak is reported for this anatomic area ; x)y,z = the
original SPM coordinates of the MNI space in millimetres.

Italics indicate nodes of the salience network.

dACC : dorsal anterior cingulate cortex. AIFO : anterior insula/frontal operculum.

IFG : inferior frontal gyrus.

Coordinates of peaks of TIA, LANGrest, SN and vATT at the group level are
shown in Supplementary Table 1-4.

At rest, in all patients, a network quite similar to LANG was identified as the vATT
in the right hemisphere. Both networks comprise activity in inferior frontal
cortex, middle temporal gyrus and superior temporal sulcus. Apart from
lateralization, a major difference between LANGrest and vATT was the
involvement of the angular gyrus in LANG network, but a more anterior activity

of TP] within the SMG for vATT (Figure 4, supplementary tables 2 and 4)
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Figure 4: Individual imaging data of all patients in native space. The left side of the
brain is on the left of the images.

Language network as identified at rest by spatial independent component analysis
(LANGrest) appears in green. Ventral attention network as identified at rest by
spatial independent component analysis (VATT) appears in red. Overlaps between
LANGrest and TIA appears in yellow. LANGrest and vATT are shown at voxel-level
z > 2 cluster-size threshold 5 voxels. ANG : angular gyrus ; TP]/SMG : temporo-
parietal junction/supra-marginal gyrus.

Discussion:

We showed in this pilot study that despite a pitfall due to similarities
between LANG rest and vATT it is possible to isolate LANG at rest even in
patients with atypical lateralization. To our knowledge, this work is the first to
identify LANG by rsfMRI in order to map preoperatively language areas in
children. rsfMRI detected all eloquent areas which were present in the contrast
maps SG> TL. Furthermore, in two of our six patients rsfMRI was able to detect

eloquent areas during cortical stimulation not present in TIA mapping. In one
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case (patient 5) rsfMRI could detect an important eloquent area T2ml which has
been shown to be an obligatory entry in language network for auditory and
visual modality [Devlin et al., 2004]. As T2ml lesion is known to be accompanied
by profound and irreversible aphasia, detection of this area in the vicinity of the
left temporal cavernoma appeared crucial. Noteworthy, despite a rightward LI,
this left handed patient presented a bi-hemispheric representation of language :
T2ml being dominant on left hemisphere and ANG and IFG on right hemisphere.
However, superiority of rsfMRI on TIA in this patient for the detection of
eloquent area appeared somewhat trivial. Indeed the poor contribution of TIA is

most probably due to the poor performance of the linguistic task by this patient.

Identification of semantic areas in the language network

More interestingly in the second case (patient 4), eloquent left ANG in a
right handed patient with strong leftward LIs was detected by rsfMRI but not by
TIA. Indeed, our data showed that LANGrest included ANG and TPs in all cases.
These areas are known to be involved in semantic processing [Binder et al,,
2009; Binder et al,, 2011; Vigneau et al,, 2006]. It has been emphasized that TIA
obtained by contrasting linguistic task to a low level baseline, has poor
sensibility in detecting semantic areas. Indeed mind wandering is likely to occur
during a low level baseline. The semantic system being active during linguistice
task and baseline, the contrast is no more visible in the contrast image of these
two conditions [Binder et al, 2011]. Thus, rsfMRI detecting systematically
semantic areas appears as a good alternative to task requiring a high level of
attentional control. This condition may allow enhancement of semantic contrast
[Binder et al., 2011] but may be difficult to perform by young patients with brain

lesions.

Salience network and language.

In this study we observed systematic co activation of the main nodes of
SN together with the language network during TIA. We observed a systematic
stronger LI activity in LANG rest compared to TIA. The co activation of SN, which

is slightly right lateralized, explains this difference.
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A co-activation of SN is not surprising according to the difficult acoustic
condition inherent to MRI and the challenge imposed to our young patients.
Indeed, co-activation of the SN during a linguistic task supports word
identification in difficult condition [Vaden et al., 2013].

Interestingly, during cortical mapping in patient 6 (SO), stimulation of the left
posterior pre-SMA common to SN and TIA, induced no anomia or paraphasia but
a reproducible naming delay. It has been shown that lesions of SMA/ preSMA
promote syndromes such the urge to move or akinesia. These apparently
contradictory syndromes have in common the impairment of volitional selection
[Nachev et al,, 2008]. Furthermore, since the late 90s it is known that lesions of
ACC, a key node of SN are accompanied by akinesia, alteration of self-initiated
actions and poor utterance [Allman et al, 2011; Cohen et al., 1999]. More
recently, clinical observations confirmed the implication of SN in the “will to
persevere” [Parvizi et al., 2013]. Thus, in patient 6, the naming delay without
paraphasia we observed when mapping left post pre SMA appears to be
compatible with a behavorial disturbance elicited by interfering with a node of

SN rather than with a node of LANrest.

LANGrest, VATT and lateralisation.

A major criterion for identifying LANGrest in healthy volunteers is the
expected left lateralization in right handed subjects. Indeed, 82-96% of right
handed ones use their left hemisphere for language processing [Knecht et al.,
2000a; Knecht et al.,, 2000b; Springer et al., 1999] This criterion remains true in
left handed ones but is weaker. Moreover, the incidence of right hemisphere
dominance is linearly correlated with the degree of handedness on ELT, ranging
from 4 % when ELT = 100 to 27% when ELT =-100 [Knecht et al., 2000b].
Considering an incidence of left handedness of 10 % [de Leon et al., 1986], we
observed an abnormal proportion of left handed ( 66%) in our pathological
patients. This abnormal proportion suggests an adaptative modification of
handedness and possibly of language lateralization due to alterations provoked
by the tumor. Thus, we put little emphasis on LI for the identification of

LANGrest but much more on strict anatomic criterions. As exposed previously,
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VATT presents similarities in the right hemisphere with LANGrest notably in the
IFG, and temporal gyrus. This is particularly confounding when LI of LANGrest is
a priori unknown. Thus, we suggest that when attempting to identify LANGrest
by ICA, identification of VATT should also be performed in such a way to
discriminate these two networks by their different activity in IPL.

Ventral attention and salience network

In this study we referred to vATT and SN [Seeley et al., 2007] as distinct
networks. However literature is quite confusing when defining these networks.
Indeed differences in nomenclature can explain such a confusion. As emphazised
by Farrant et al [Farrant and Uddin, 2015], vATT as an ICN has been historically
defined [Fox et al., 2006] by its correlation structure to a region of interest that
has been later shown to be part of SN [Uddin et al, 2011]. As a consequence,
Srhidaran et al. indiscriminately referred to vATT and SN for the same network
[Sridharan et al., 2007; Sridharan et al.,, 2008]. This was also put forth in an
important paper on neurolinguistics [Vaden et al., 2013] and in a previous study
on language network connectivity [Ter Minassian et al., 2013].

However, a recent connectivity study showed that vATT an SN constitute
distinct entities in adults and children: the TP] being a key node of the former
and dACC a key node of the latter [Farrant and Uddin, 2015]. Our finding of
distinct networks identified by sICA linked to these areas is in line with the

results of Farrant et al.

Previous studies of fMRI imaging for surgical planning

Previous studies of pre surgical fMRI imaging for motor mapping by TIA
confirm the good quality of data obtained with fMRI in toddlers and children [De
Tiege et al., 2009]. However, regarding TIA, results are mitigated in comparison
to intaoperative cortical mapping. In all these studies, the sensibility of fMRI
varied from 38 to100 % and the specifity from 65 to 97 % [de Ribaupierre et al.,
2012]. Hertzpannier et al, claimed that fMR imaging does not provide

hierarchical information on the activated areas, which may not all be essential to
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language, thus explaining the low specificity of this technique [Hertz-Pannier et
al, 2014]. A recent report has shown the good correspondence between fMRI
and intraoperative direct stimulation in detecting all the critical language areas
in children, provided that an appropriate “broad” task was choosen [de
Ribaupierre et al., 2012]. However, these technics are feasible in cooperative
patients only, contrarily to rsfMRI, which allows an assessment of brain
language network independently of task performance in deficient, asleep, or
even sedated young children. Furthermore, such all the data can be collected
within 5 minutes [Van Dijk et al., 2010].

In adults, there are few studies on presurgical motor and language mapping by
rsfMRI [Kamran et al,, 2014; Lee et al,, 2013; Shimony et al.,, 2009; Zhang et al.,
2009]. Two studies report comparison to direct intraoperative stimulation with
encouraging sensitivity and specificity [Mitchell et al,, 2013b]. In new born,
resting state networks driven by spontaneous signal fluctuation are already
presents [Fransson et al, 2009] and are relatively stable in children and
adolescents [Thomason et al., 2011]. Moreover, it has been shown that by an age
of 7 to 9, children manifest a functional architecture similar to the adults’ one
[Fair et al., 2008; Supekar et al., 2009]. Despite these facts, rsfMRI has not yet

been evaluated in children for presurgical planning.

Limitations of the study

This study bears some limitations. The number of children included is
low and our findings should be replicated on a larger pediatric population even
if the low incidence of supratentorial tumors in children limits possible patient
inclusion.

The mean age of our patient remains high even if one patient in our series is the
youngest ever described as having undergone a successful awake surgery,

according to literature.

Conclusion
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Resting fMRI for pre-surgical language mapping is a technique easy to
implement that appears feasible in children. This pilot study tends to indicate
the superiority of resting state fMRI on TIA in detecting eloquent areas.
Sensitivity and specificity of resting state fMRI for language mapping in children

remains to be assessed in a larger cohort.
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Supplementary material

Annexe 1 :In all patients hypnotic preparation was performed the days
preceding surgery. Patients were positionned in the supine or lateral position
according to the location of the tumor. The scalp incision, the pin sites of the
Mayfield holder were infiltrated with diluted ropivacaine. Local anesthetic
blocks were also performed on the supraorbitary, temporal, retro auricular and
occipital nerve. The skin incision, the bone flap and the infiltration of the dura
with ropivacaine were done under general anesthesia with intravenous
remifentanil and propofol and controlled ventilation through laryngeal airway
mask. MR intraoperative neuronavigation (Brainlab AG Munich Germany) based
on preoperative images was used in all the cases to assist in locating the brain
lesion and to facilitate the total removal of the lesion.

After the awakening, hypnotic suggestion was performed and when the child
was able to clearly communicate with the neuropsychologist the dura was
opened and electrical cortical mapping was performed.

For each operated patient a large cortical exposure including motor area was
performed. This was done in way to define the stimulation threshold delivering
a biphasic current, which is the lowest intensity of a biphasic current delivered

by a bipolar electrode producing a movement.

Supplementary tables:
Area k T® X y z
L Middle Temporal 4932 16.4 -66 -19 -12
Gyrus
L Insula Lobe 12.69 -38 11 -14
L Temporal Pole 11.82 -36 11 -23
L Medial Temporal 11.32 -44 8 -27
Pole
R Thalamus 10 3 -4 -2
R Superior Temporal 2652 16.5 58 -16 3
Gyrus
R Middle Temporal 11.58 60 -28 -5
Gyrus
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R ACC 2121 7.98 11 32 24
L ACC 6.08 -6 33 19
L Superior Medial 5.93 -14 41 19
Gyrus
R Caudate Nucleus 559 6.04 18 18 3
R Putamen 5.95 20 20 -5
L Superior Medial 505 6.14 -11 30 54
Gyrus
L Pre-SMA 6.09 -9 18 63
L Superior Frontal 5.26 -9 27 48
Gyrus
L Hippocampus 351 6.26 -14 -37 1
L Thalamus 4.52 -8 -30 6
R Temporal Pole 288 9.45 51 6 -17
R Middle Temporal 5.49 45 5 -27
Gyrus
R Medial Temporal 4.71 54 8 -30
Pole

Supplementary table 1 : one sample t-test, second order analysis at the group

level of the contrast sentences generation > listen tones.

The significant local peak maxima were obtained under a threshold of p < 0.005 at
the voxel level Monte-Carlo corrected for multiple comparisons at the cluster level
cluster-size threshold 185; T ¢ = T value for 6 degrees of freedom ; anatomical
labels were derived from the anatomy toolbox for SPM ; k = cluster extend in
voxels, in case of multiple peaks in the same anatomic area of a cluster, only the
maximal peak is reported for this anatomic area ;
coordinates of the MNI space in millimetres.

ACC : anterior cingulate cortex. ; Pre-SMA : pre-supplementary motor area.

Note that activity within angular gyri failed to reach significativity.

xy,z = the original SPM

Area k T® X y z
L Superior Medial 2257 18.86 -9 48 18
Gyrus
L Superior Frontal
7.41 -12 66 24
Gyrus
R Superior Medial
uperior Media 5.67 6 48 40
Gyrus
L Inferior Temporal 197 11.34 59 21 32
Gyrus
L Middle Temporal -39 57 27 5
Gyrus
L Temporal Pole 1188 7.39 -26 14 -29
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L Medial Temporal 5.0 36 26 35
Pole
L IFG (p. Orbitalis) 4.86 -44 29 -9
R Middle Temporal 840 8.81 56 37 2
Gyrus
L Middle Frontal 825 13.59 32 1 42
Gyrus
L. IFG (p.' 7.33 -50 18 21
Triangularis)
L Angular Gyrus 783 4.84 -45 -64 48
L Calcarine Gyrus 598 10.49 2 -70 16
R Precuneus 5.52 5 -67 25
R Pre-SMA 563 6.41 15 11 61
R Cerebelum (Crus 2) 442 5.13 29 -87 -39
R Middle Temporal 415 - 46 57 r 23
Gyrus
R Medial Temporal
384 6.39 47 11 -44
Pole
R Paracentral Lobule 361 18.23 6 -25 61
R Posterior-Medial 0.3 3 18 57
Frontal
R Angular Gyrus 308 6.72 64 -51 28
LMCC 300 7.18 0 -10 34
R MCC 6.32 9 -19 39
R Cerebelum (VI) 269 7.17 17 -73 -24
L Pre-SMA 190 4.71 -9 23 67
L Superior Frontal 4.62 1 26 64
Gyrus
R Middle Temporal 185 531 57 &7 19
Gyrus

Supplementary table 2 : one sample t-test, second order analysis at the group
level of the independent component identified at rest as the language network

The significant local peak maxima were obtained under a threshold of p < 0.005 at
the voxel level, Monte-Carlo corrected for multiple comparisons at the cluster level
cluster-size threshold 185; T ¢ = T value for 6 degrees of freedom ; anatomical
labels were derived from the anatomy toolbox for SPM ; k = cluster extend in
voxels, in case of multiple peaks in the same anatomic area of a cluster, only the
maximal peak is reported for this anatomic area ; Xx,)y,z = the original SPM
coordinates of the MNI space in millimetres.

IFG : inferior frontal gyrus ; MCC : Middle cingulate cortex ; Pre-SMA : pre-

supplementary motor area.

Note the important clusters within angular gyri

92




Area k T® X y z
L pre-SMA 3526 12.32 -12 14 67
L Superior Medial 11.61 -5 29 51
Gyrus
R pre-SMA 8.39 3 15 51
L SMA 6.48 -9 3 78
L dACC 4.49 -4 20 28
L Insula Lobe 2926 21.79 -45 15 0
L Medial Temporal Pole 7.73 -50 21 -29
L IFG (p. Triangularis) 7.12 -38 21 7
L Temporal Pole 6.66 -48 20 -24
R Putamen 2025 6.89 24 8 1
R IFG (p. Orbitalis) 4.93 53 33 -9
R Middle Frontal Gyrus 1239 8.64 34 41 27
R IFG (p. Triangularis) 4.89 43 26 31
R dACC 1192 6.07 8 0 31
R MCC 6.03 2 -12 42
L MCC 5.75 -3 =22 40
L Cerebelum (VI) 864 9.47 -18 -75 -17
L Cerebelum (Crus 1) 9.41 -36 -61 -38
L Cerebelum (VIII) 7.47 -33 -54 -44
L Fusiform Gyrus 5.39 -26 -63 -15
R Cerebelum (VI) 631 7.84 30 -73 -23
R Cerebelum (Crus 1) 6.31 44 -64 -35
R Fusiform Gyrus 6.14 33 -64 -17
R Inferior Occipital 528 10.1 45 -76 -11
Gyrus
L Cerebelum (Crus 1) 397 9.38 -3 -81 -17
L Calcarine Gyrus 6.87 2 -87 -9
R Inferior Occipital 217 6.26 27 -93 -5
Gyrus
R Calcarine Gyrus 5.24 21 -99 -5
L IFG (p. Opercularis) 193 10.78 -51 11 25

Supplementary table 3 : one sample t-test, second order analysis at the group
level of the independent component identified at rest as the salience network.

The significant local peak maxima were obtained under a threshold of p < 0.005 at
the voxel level, Monte-Carlo corrected for multiple comparisons at the cluster level
cluster-size threshold 185; T ¢ = T value for 6 degrees of freedom ; anatomical
labels were derived from the anatomy toolbox for SPM ; k = cluster extend in
voxels, in case of multiple peaks in the same anatomic area of a cluster, only the
maximal peak is reported for this anatomic area ; Xx)y,z = the original SPM
coordinates of the MNI space in millimetres. dACC : dorsal anterior cingulate
cortex; IFG : inferior frontal gyrus ; MCC : Middle cingulate cortex ; Pre-SMA : pre-
supplementary motor area ; SMA : supplementary motor area
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Area k T® X y z
R Superior Temporal 2358 6.98 65 -43 12
Gyrus
R SupraMarginal Gyrus 5.15 65 -43 24
R Pre-SMA 1703 14.52 12 15 55
R Superior Medial Gyrus 7.55 12 33 61
R Middle Frontal Gyrus 7.31 28 20 48
R Middle Frontal Gyrus 7.26 28 21 45
R Superior Frontal Gyrus 6.4 20 14 51
R Inferior Temporal 964 13.3 53 -6 -30
Gyrus
R Middle Temporal 6.35 53 -9 -17
Gyrus
R Medial Temporal Pole 4.95 50 3 -17
L SupraMarginal Gyrus 692 6.87 -60 -54 25
L Middle Temporal 4.95 -45 -57 13
Gyrus
L Cerebelum (Crus 1) 678 11.15 -23 -69 -33
L Middle Temporal 652 8.64 -65 -43 4
Gyrus
R IFG (p. Triangularis) 586 14.04 42 23 15
R Middle Temporal 476 8.14 65 -27 -11
Gyrus
R Precuneus 365 9.73 8 -60 36
R IFG (p. Orbitalis) 303 6.21 53 33 -8
L IFG (p. Orbitalis) 250 13.18 -23 12 -21
L ParaHippocampal 12.45 -18 6 -24
Gyrus
L Inferior Parietal Lobule 209 8.23 -48 -46 58
R ACC 194 7.18 6 48 19

Supplementary table 4: one sample t-test, second order analysis at the group
level of the independent component identified at rest as the ventral attention
network

The significant local peak maxima were obtained under a threshold of p < 0.005 at
the voxel level, Monte-Carlo corrected for multiple comparisons at the cluster level
cluster-size threshold 185; T 6 = T value for 6 degrees of freedom ; anatomical
labels were derived from the anatomy toolbox for SPM ; k = cluster extend in
voxels, in case of multiple peaks in the same anatomic area of a cluster, only the
maximal peak is reported for this anatomic area ; x)y,z = the original SPM
coordinates of the MNI space in millimetres.

ACC : anterior cingulate cortex. Pre-SMA : pre-supplementary motor area.

Note the important cluster in right temporo-parietal junction/ supramarginal

gyrus and the absence of significant activity within angular gyri.
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6 Discussion et perspectives :

Comme nous 'avons déja évoqué dans l'introduction, les tumeurs cérébrales
chez 'enfant représentent la deuxieme cause de cancer apres les hémopathies et la
premiere cause de déces par cancer (81). La prise en charge de cette pathologie
apparait donc comme un enjeu de santé publique. Le pronostic vital et fonctionnel
de ces enfants est intimement lié a la qualité de la résection. En effet, en cas de
proximité avec certaines aires éloquentes du cerveau (motricité et langage), le
pronostic fonctionnel peut-étre impacté par la chirurgie. Cette problématique peut
étre réglée chez I'enfant aussi par la CECCSC. La faisabilité de cette technique n’est
plus a démontrer comme nous I'avons indiqué. Il n’'y a cependant que peu de cas
décrits dans la littérature et nous avons réalisé dans la premiere partie de ce travail
la revue de la littérature la plus exhaustive possible. Nous avons donc choisi
d’articuler notre discussion d’abord sur l'analyse des limitations qui ont pu
empécher le développement de la technique, nous insistons ensuite sur le
conditionnement préopératoire et notamment la place de I'’hypnose, et enfin nous

revenons sur '[RMf de repos a propos du cas récent d’un jeune patiente aphasique.

6.1 Limitations

Plusieurs parametres ont probablement limité le développement de la technique

chez I'enfant:

- La premiere raison est tres probablement éthique. En effet inconsciemment
il existe une certaine réticence des professionnels a réaliser ce type d’intervention
chez un enfant, par rapport a la gestion de la douleur et du vécu. C’'est la raison pour
laquelle nous avons choisi d’étudier le vécu et 'impact psychologique de la CECCSC
chez l'enfant. Ceci a fait I'objet d’un article spécifique soumis et présenté dans la

deuxieéme partie de ce travail de these.

- La question de la coopération des enfants en cas de CECCSC a souvent été
citée comme facteur limitant la mise en place de cette prise en charge par
I'ensemble des neurochirurgiens refusant de la proposer chez I'’enfant (80). Cela
rejoint aussi le probléme lié a I'absence de tests spécifiques per opératoires pour les
enfants et a la compréhension des tests proposés. Il n'y a a I'heure actuelle aucune
publication sur le sujet. Dans notre expérience, nous avons observé une tres bonne
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participation des enfants lors de I'évaluation neuropsychologique per opératoire.
Ceci était permis par un conditionnement faisant intervenir lI'ensemble des
professionnels de santé impliqués: neurochirurgien, pédopsychiatre,
neuropsychologue, anesthésiste, infirmiere de bloc opératoire, infirmiére
anesthésiste et en particulier praticien de 'hypnose. En ce qui concerne les tests
neuropsychologiques utilisés en per opératoire, nous avons longtemps réfléchi a
I'élaboration de tests adaptés aux jeunes enfants. Au final il semble surtout
important de ne pas compliquer la situation et la plupart du temps les tests de
dénomination et de répétition nous semblent parfaitement suffisants (20,82) et
completement adaptés aux enfants et ce jusqu’a un age minimum de 8 ans. Nous
avons en effet pu opérer une enfant de 8 ans avec un tres bon vécu et une
cartographie corticale et sous corticale tres contributive. Les tests de dénomination
utilisés reposaient sur la DO80 (73) et étaient parfaitement compréhensibles par
cette petite fille. La répétition de mot ne posait pas non plus de probleme de
compréhension. Ces données s’accordent tout a fait avec les constatations faites lors
de I'enquéte nationale réalisée au cours du mémoire d’orthophonie (80). Sur la
quarantaine de patients opérés en France, tous ont été évalués avec le méme type
de batterie d’'items pour la dénomination. En fonction du degré de maturité la
situation peut évidemment varier; quoiqu'’il en soit, on pourra toujours modifier les
items pour les adapter a 'enfant voire réaliser des tests de confrontation d’objets en
montrant les objets a I'enfant comme cela a été utilisé par Duchowny jusqu’a I'age

de 2 ans en extra-opératoire (74).

- D’un point de vue épidémiologique, le manque de données dans la littérature
est probablement aussi lié au faible nombre de tumeurs sustentorielles chez
I'enfant. En effet, on estime a environ 39 par million 'incidence moyenne annuelle
des tumeurs du systéme nerveux central de I'enfant d’apres le registre francais des
tumeurs solides de I'enfant sur la période 2000-2008 (81). Sur la totalité de ces
tumeurs, seulement 30 a 40 % sont supratentorielles avec parmi elles 40 % de
tumeurs de la ligne médiane. En outre, les tumeurs sustentorielles de I’enfant sont
plus fréquentes avant I'age de deux ans. Ceci est d’ailleurs illustré d’'une part par le
nombre de cas estimés éligibles par chaque centre lors de la proposition de PHRC
national qui est évalué a 24 enfants par an pour un total de 8 CHU, et d’autre part

par le nombre de cas d’enfants opérés en chirurgie éveillée recensés lors de
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I’enquéte réalisée sur le territoire dans le cadre du mémoire d’orthophonie qui était

d’environ 40 enfants (80)(sans fourchette de temps precisée).

- Par ailleurs, la fameuse notion de plasticité cérébrale chez l'enfant, trop
souvent surestimée a probablement constitué un frein dans le développement de la
technique. En effet, il est encore communément admis dans le corps des
neurochirurgiens que les enfants récuperent souvent mieux que les adultes d’un
déficit neurologique, et donc, que par conséquent, il n'y aurait pas de place pour la
chirurgie éveillée chez les enfants. Cette vision est slirement erronée, car si les
enfants récupeérent probablement mieux d'un déficit moteur que les adultes, de
nombreuses publications rapportent les effets néfastes de la chirurgie des tumeurs
intracérébrales sur le pronostic fonctionnel des enfants, notamment sur le plan
neuropsychologique avec des risques réels de séquelles neurocognitives (83-86) .
En réalité, cette plasticité ne concerne absolument pas la tranche d’age éligible de
prime abord a une chirurgie éveillée. En effet, d’apreés la littérature, il semble exister
un seuil de 5 ans, en dessous duquel la plasticité cérébrale est la plus efficace (74).
Ceci a été démontré par plusieurs auteurs et est parfaitement illustré par le fait que
chez le nourisson voire chez le nouveau-né, I'apparition d’'une 1ésion ou d’'un AVC
n’entrave pas forcément l'acquisition du langage (87-89). De la méme facon, une
hémisphérectomie fonctionnelle gauche notamment dans le traitement chirurgical
de I'épilepsie n’empéche pas le développement du langage (90-92). 1l semble donc
qu’apres 5 ans, la plasticité est similaire a celle de 'adulte et est donc réduite a une
plasticité post-lésionnelle et péri-lésionnelle décrite par Duffau (24-26). Le risque
de déficit séquellaire existe donc autant chez un enfant de plus de 5 ans que chez un
adulte. Le respect des aires éloquentes chez I’enfant éligible a la chirurgie éveillée

apparait donc essentiel pour préserver le prognostic fonctionnel.

- Certains auteurs ont évoqué des limitations liées a la cartographie corticale
et sous corticale par stimulation électrique directe sur un cerveau en cours de
maturation. Dans notre expérience, toutes les cartographies par stimulation
électrique directe corticale ou sous corticale réalisées chez des enfants endormis ou

1 4

éveillées ont été informatives. Les intensités de stimulation utilisées n’étaient pas
forcément plus élevées que chez l'adulte contrairement a ce qui a été écrit par
certains auteurs dans la littérature (93) . Nous avons ainsi pu observer des troubles

phasiques (erreurs de dénomination, manque du mot...) induits par stimulation
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électrique corticale ou sous corticale jusqu’a un age minimum de 8 ans en chirurgie
éveillée, mais aussi des mouvements et ce jusqu’a un age minimum de 3 ans. Ces
données sont compatibles avec celles de la littérature puisque la plupart des
auteurs s’accordent pour dire que la stimulation électrique directe est parfaitement
efficace chez le jeune enfant. Ceci a non seulement été démontré dans les quelques
publications portant sur la chirurgie éveillée de I'enfant (concernant
essentiellement des adolescents) (14,69,75,94) mais a surtout été confirmé dans le
cadre de la chirurgie de I'épilepsie par implantation d’électrodes sous-durales chez
des enfants trés jeunes y compris pour l'exploration du langage (11,69,95) et

notamment jusqu’a un 4ge minimum de deux ans (74).

- Enfin méme si la CECCSC a été initialement décrite puis utilisée chez 'adulte
pour la prise en charge des gliomes infiltrants qui par définition n’ont pas de limite
nette, cette procédure doit cependant pouvoir intéresser tout type de lésion située
dans ou a proximité de régions éloquentes. En effet, une lésion méme bien limitée
sous corticale nécessite de déterminer la meilleure voie d’abord pour y accéder, afin
de respecter les différentes fonctions. Ceci est parfaitement démontré dans la
littérature chez I'adulte ou I'on retrouve cette technique pour la prise en charge des
cavernomes (14,96) et méme des malformations artérioveineuses (97). Les
cavernomes constituent en outre, a notre avis, une trés bonne indication de
chirurgie éveillée lorsqu’ils sont situés en zone fonctionnelle. IIs présentent en effet
la particularité d’étre associés a une gliose périlésionnelle, que I'on pourrait
comparer a une infiltration de la substance blanche, et dont I'exérése conditionne la
guérison de I'épilepsie 1ésionnelle. Cette procédure nous parait donc indiquée voire
indispensable dans la prise en charge des tumeurs sustentorielles de l’enfant

situées en zones fonctionnelles.

6.2 Conditionnement préopératoire:

Le conditionnement préopératoire de I'’enfant constitue un des éléments les
plus importants pour réussir cette chirurgie. En effet la coopération de I'enfant
dépend bien évidemment de son degré de maturité mais aussi et surtout de son
stress et de 'atmospheére qui regne au bloc opératoire. Nous avons donc réuni une
équipe pluridisciplinaire afin de pouvoir répondre a cette problématique. Au dela
de la présentation de film, de la visite du bloc opératoire et de la rencontre de

I’équipe soignante, nous avons mis en place un parcours de soin spécifique pour
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cette prise en charge qui devra étre réalisée le plus complétement possible en
fonction du degré d'urgence.

Nous avons ainsi mis en place, chez ces enfants, en dehors de la consultation
neurochirurgicale une consultation pédopsychiatrique systématique, une
consultation neuropsychologique, une consultation pré-anesthésique et une
consultation pré-hypnose.

Nous proposons de développer dans le paragraphe suivant la question de
I’hypnose qui dans notre expérience apparait réellement bénéfique pour ces
enfants non seulement pour la gestion de la douleur mais aussi en terme

d’apaisement et donc de coopération.

6.3 La place de I’hypnose

Dans notre pratique, en dehors des situations d’urgence, 'enfant est vu en
consultation pré-hypnose environ trois semaines avant l'intervention afin de faire
connaissance et d’établir la communication. Cette consultation avant I'intervention
semble réduire la douleur et le stress post-opératoire comme cela a été décrit dans
la littérature dans d’autres situations (98). Sur le plan pratique, un questionnaire
est proposé a I'enfant. L'objectif est de colliger quelques themes a propos de
situations et de sensations plaisantes pour l’enfant, incluant des sensations
visuelles, auditives, kinesthésiques, gustatives et olfactives.

L’hypnose est déja utilisée en médecine pour la prise en charge de la douleur en
complément de I'anesthésie. Cette technique peut étre utilisée chez la quasi-totalité
de la population, le probleme de la sensibilit¢ a I'’hypnose étant en réalité
secondaire pour la prise en charge et I'atténuation de la douleur. En effet, selon
Montgomery et Al, 45% de la population présenterait une faible sensibilité a
I’hypnose (99), mais cela suffirait pour réduire significativement la douleur
pendant une intervention (100). L’efficacité de '’hypnose chez les patients opérés

n’est plus a démontrer (15,101)

Au dela de la gestion de la douleur, I'objectif de cette prise en charge vise a
recréer a travers une distorsion spatio-temporelle en per opératoire une
atmosphere apaisante pour I’enfant, en focalisant son attention sur ces situations
plaisantes. Notre objectif était de voir si son utilisation était utile tout en étant

compatible avec la CECCSC chez les enfants. En effet, dans notre expérience,
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I’hypnose facilite la phase initiale d'induction mais aussi de réveil en permettant a
I'enfant de se réveiller dans un environnement similaire a celui qu’il vient de
quitter au moment de l'induction. Cette «transe» hypnotique permet aussi
d’atténuer les moments plus difficiles a supporter, parfois douloureux pendant
lesquels le chirurgien n’a pas besoin de la coopération du patient. Dans notre
expérience chez l'enfant, nous n’avons pas souhaité remplacer totalement
I'anesthésie générale par I'hypnose, celle-ci intervient plutdét comme une technique
facilitante et complémentaire de 'anesthésie générale. En effet la premiere partie
de lintervention comporte des gestes qui peuvent étre douloureux voire
traumatisants pour I'enfant (mise en place de la tétiere a pointe, infiltration du
scalp, incision cutanée, réalisation du volet osseux, incision de la dure-mere).

L’utilisation de I'’hypnose seule sans anesthésie générale lors de la chirurgie
éveillée a cependant été récemment décrite chez I'adulte sur une série de 43
patients opérés en CECCSC. L’auteur en comparant cette série a une série
antérieure opérée selon la technique de référence « asleep-awake-asleep »(16)
montre ainsi que cette technique peut parfaitement suffire pour la totalité de
'intervention depuis l'installation du patient jusqu’a « la fermeture » (15). L’'un des
principaux avantages de ’hypnose par rapport a la technique de référence selon
cet article étant de surseoir aux contre-indications anesthésiques. Cet argument
n‘est cependant pas valable chez l'enfant chez qui les contre-indications
anesthésiques sont tres rares. L’autre avantage selon le méme auteur étant de
permettre un retour a la conscience plus rapide et donc une évaluation
neuropsychologique de meilleure qualité. Comme nous I'avons évoqué un peu plus
haut, dans notre prise en charge, I'hypnose permet lorsqu’elle est utilisée pour
I'induction et le réveil un retour a la conscience plus rapide, méme lorsqu’elle est

associée a 'anesthésie générale.

Des variantes de l'hypnose sont aussi utilisées en médecine pour la
réalisation des pansements trés douloureux chez les grands brulés en utilisant des
techniques de diversion mentale reposant sur la réalité virtuelle. L'immersion de
ces patients dans un environnement de réalité virtuelle sur une banquise, grace a la
projection d’un film sur un écran, permet de créer une ambiance confortable pour le
patient et de réaliser les soins quotidiens sans anesthésie (102-104) y compris chez
les enfants. Nous sommes en train de réfléchir en collaboration avec I'ESIEA (école

d’ingénieur en sciences et technologies du numérique) a des lunettes de réalité
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virtuelle pour projeter a 'enfant un environnement apaisant. Nous avons déja mis
au point avec cette équipe une technique permettant d’explorer le champ visuel au
bloc opératoire grace a l'utilisation d’'un casque de réalité virtuelle dans lequel on
peut par ailleurs intégrer les images de la DO80 (73). Le casque utilisé est le
« OCULUS RIFT » (cf. figure 8). Nous l'avons déja utilisé chez les adultes pour
réaliser 'exérese d’'une tumeur cérébrale située a proximité des voies visuelles.
L’idée a terme est d’y intégrer un environnement apaisant en réalité virtuelle ou
augmentée, a I'image de ce que font les chirurgiens plasticiens pour les grand briilés
(sur des écrans). Ceci permettra probablement de régler les problemes de

distraction causés par l'utilisation d’'un simple écran posé a distance du patient

comme cela a déja été proposé dans la littérature (105).

Figure 8 : Essai en situation opératoire, avec un sujet témoin, du casque oculus rift. Le
technicien examine le champ visuel du sujet en projetant des « spots lumineux » dans
le casque.

6.4 L’IRM fonctionnelle de repos :

Nous avons montré que contrairement a I'[RMf d’activation, 'RMf de repos
avait une meilleure sensibilité en terme de prédiction de la localisation des aires
éloquentes du langage et une meilleure spécificité dans la mesure ou elle
permettait d’isoler le réseau attentionnel qui interfere souvent avec le réseau du
langage obtenu lors de la réalisation d’'une tache en IRMf d’activation. La question
est de savoir si cela est suffisant pour se fier uniquement a cette technique en cas
d’aphasie notamment. Nous avons tout récemment été confronté a cette situation
puisque nous avons pris en charge une jeune fille de 15 ans, gaucheére, présentant
une volumineuse tumeur fronto-temporo-insulaire gauche responsable d'une
aphasie (cf. figure 9).
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Figure 9: Glioblastome fronto temporo insulaire gauche chez une jeune fille de 15 ans
gauchere présentant des troubles phasiques. Convention radiologique.

Cette aphasie n’est pas surprenante chez un patient gaucher, puisqu’'une bonne
partie des gauchers gardent un langage latéralisé au niveau de I'hémispheére
gauche. En effet, d’apres la littérature, I'incidence de la dominance hémisphérique
droite est linéairement corrélée a la latéralisation obtenue au test de latéralité
d’Edinburgh; ainsi pour les patients évalués comme droitiers francs au test
d’Edinburgh (ELT = 100) seulement 4% ont un hémisphere droit dominant, alors
que pour les patients évalués comme gauchers vrais (ELT =-100), 27% ont un
hémisphere droit dominant (106). Autrement dit, parmi les gauchers vrais, 73%
gardent un hémisphére dominant a gauche. Cette jeune patiente présentait un
langage spontané plutét adapté et cohérent malgré des paraphasies, avec
cependant, un manque du mot trés important. Elle présentait en effet lors des tests
de dénomination, une aphasie de production tout a fait majeure rendant impossible
la réalisation des tests per-opératoires. En pré-opératoire, lors de I'épreuve de
dénomination de la D080, la patiente ne dénommait correctement que 30 items et

ces réponses n’étaient que partiellement reproductibles lors de la réévalution a
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quelques jours d’intervalle. Une IRMf de repos été réalisée chez cette patiente (cf.
figure 10). Nous avons pu ainsi mettre en évidence entre autres trois
réseaux cognitifs : un réseau modifié que nous identifions comme le réseau du

langage, le réseau ventral de I'attention et le réseau du mode par défaut.

Figure 10: IRMf de repos chez une patiente de 15 ans, gauchere, présentant un
glioblastome fronto-temporo-insulaire gauche. rouge : langage rest rsfMRI; vert :
VATT rsfMRI (réseau ventral de I'attention comprenant le gyrus supra marginal) ;
jaune : overlap entre vATT et LANG rest. Convention neurologique : la droite est a
droite de I'image. Incidences coronale, sagittale (hémisphere droit) et axiale.

L’IRMf de repos, chez cette adolescente gauchere, nous montrait cependant un
réseau du langage prédominant au niveau de ’hémisphere droit. Or chez cette
patiente on ne peut imaginer une dominance hémisphérique droite dans la mesure
ou elle présente des troubles phasiques francs. Est-ce le témoignage d’une
compensation de son réseau du langage dans I'hémisphere controlatéral sain ou

simplement d’'une décompensation de son réseau du langage dans I'’hémisphere
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lésé chez une patiente présentant une représentation bilatérale ? La question reste
ouverte. On constate en effet qu’il n’y a que tres peu d’activations correspondant
au réseau du langage dans ’hémisphere gauche, alors méme que la patiente est
aphasique. On retrouve juste une modeste activation au niveau du gyrus frontal
inférieur gauche au sein du réseau du langage. De facon notable, le réseau du mode
par défaut, qui est particulierement robuste, était largement amputé de ses
composantes gauches évoquant donc une déstructuration hémisphérique gauche
majeure. Ceci est compatible avec le fait que la patiente présentait lors de 'examen
neuropsychologique des troubles de dénomination majeurs et un manque du mot.
On retrouve par ailleurs un réseau ventral de l'attention distinct, comprenant le
gyrus supra marginal, comme cela a été montré dans le dernier article soumis.

En pratique, nous avons « tenté I'expérience » en se disant qu’on pourrait
utiliser uniquement la vingtaine d’items reconnus. En peropératoire, les tests de
dénomination ne se sont pas du tout révélés fiables. Nous avons donc essayé de
nous baser uniquement sur le langage spontané. Cette solution s’avére en réalité
tres « bancale » dans la mesure ou elle reste trés dépendante du débit de parole.
Ceci était en outre aggravé par les quelques paraphasies retrouvées dans le langage
spontané. L’intervention s’est par ailleurs trés bien déroulée suivant notre
protocole habituel avec notamment un bon vécu.

En se basant sur cette imagerie fonctionnelle et sur les résultats décrits dans
le dernier article, nous aurions pu approfondir I'exérese en réséquant notamment
le lobe temporal gauche et une partie du lobe frontal gauche. Il est d’ailleurs
intéressant de noter, que lors de la cartographie corticale par électrostimulation,
nous n’avons pas provoqué de modification de son état de base lors des tests
neuropsychologiques peropératoires. Nous avions bien entendu recherché et
obtenu auparavant le seuil de stimulation efficace en zone motrice. Nous avons
finalement réalisé une exérese tres limitée. La patiente n’a pas été aggravée en
post-opératoire. Quoiqu'’il en soit, nous n’avons pas « 0sé » nous baser uniquement
sur les résultats de 'IRMf de repos pour réaliser une résection plus complete,
compte tenu notamment de la situation clinique qui correspondait a une tumeur
gliale maligne et du pronostic vital probablement limité de cette patiente, mais
aussi du fait que les résultats préliminaires que nous avons obtenus et décrits dans
la derniere soumission portent sur une petite cohorte et ne sont donc pas
suffisants. Ils méritent en effet d’étre vérifiés sur un nombre de patients plus

important avant de pouvoir tirer des conclusions et des applications cliniques.
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S’il apparait délicat, a I'heure actuelle, de se baser uniquement sur I'IRMf
pour opérer en zone fonctionnelle, il ne faut pas oublier en outre que cet examen
ne permet d’explorer que le cortex cérébral et de fagon inévitable ne prédit ni la
localisation ni le caractere fonctionnel des faisceaux de substance blanche sous
corticaux. On peut cependant imaginer que si les aires corticales ne sont pas
éloquentes, les faisceaux qui les relient peuvent étre interrompus voire réséqués,
de la méme fagon que I'on opere dans les zones non éloquentes du cerveau. Cette
question ne peut en outre pas étre résolue par l'imagerie de tenseur de diffusion
et la tractographie qui, au dela de leur probleme d’interprétation en présence d’'une
tumeur ou d’'un oedéme péritumoral, n’analysent pas le caractére fonctionnel du

faisceau exploré.

6.5 Perspectives :

Apres réflexion, il est probable qu'un Protocole Hospitalier de Recherche
Clinique n’était probablement pas le bon cadre pour mettre en place une étude de
ce type, qui ne nécessite en réalité que peu de moyens financiers, dans la mesure ou
il s’agit essentiellement d’'un projet reposant sur des soins courants. Je souhaite
donc proposer a nouveau de travailler de fagon multicentrique sur ce sujet plutot
dans le cadre d’un projet réalisé sous I'égide d’'une société savante. Il semble en
effet important de démocratiser cette pratique afin d’apporter aux enfants la
meilleure prise en charge possible, quelque soit la situation.

Je souhaite enfin profiter de cette expérience grandissante dans le domaine
de la neurochirurgie en zones fonctionnelles pour développer la chirurgie de
I'épilepsie de I'enfant en collaboration avec I'’équipe de neuropédiatrie du CHU

d’Angers.

7 Conclusion:

Ce travail de these montre bien la faisabilité de la CECCSC chez I'’enfant
jusqu’a un age minimum de huit ans d’aprés notre expérience. Il s’agit d’une
technique qui donne des résultats satisfaisants a la fois sur le plan neurologique et
oncologique en terme de pronostic respectivement fonctionnel et vital. En outre, la

CECCSC est bien vécue et n’a pas d'impact psychologique négatif a court ou moyen
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terme sur les enfants. En ce qui concerne l'utilisation de I'IRMf de repos, nous
avons démontré sur des résultats préliminaires que cette méthode était non
seulement faisable chez les enfants mais qu’elle donnait des résultats meilleurs que
I'IRMf d’activation en terme de sensibilité et de spécificité. Ces résultats restent
cependant préliminaires et nécessitent d’étre évalués sur une cohorte plus

importante avant d’étre utilisables en clinique.
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9 Annexes:

9.1 Annexe 1:items DO 80
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9.2 Annexe 2 : questionnaire de latéralité manuelle d’Edinburgh d’aprés
Oldfield 1971 (107) :

Quelle main utilisez-vous ? Droite Gauche

Pour écrire
Pour dessiner
Pour lancer une balle

. Pour utiliser une paire de ciseaux

1

2

3

4

5. Pour vous peigner
6. Pour vous servir d’une brosse a dents
7. Pour tenir un couteau

8. Pour manger avec une cuillére

9

Pour frapper avec un marteau

10. Pour vous servir d’un tournevis

Coefficient de latéralisation manuelle : D-G/D+G =

Le score obtenu, multiplié par 100, donne la dominance
manuelle :

+100 : Droitier

-100 : Gaucher homogene
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Résumé

Chez lenfant, la chirurgie éveillée avec
cartographie corticale et sous corticale per opératoire
(CECCSC) est peu réalisée et tres peu décrite dans
littérature. Il s’agit cependant de la technique de
référence pour optimiser la résection chirurgicale d’'une
tumeur sustentorielle située en zone « éloquente ». Le
pronostic vital et fonctionnel de ces enfants est en effet
intimement lié¢ a la qualité de I'exérese chirurgicale. Le
fil rouge de ma thése a donc été de transférer la
CECCSC de 'adulte a I'enfant.

Le premier travail de cette thése a été
d’étudier, a ftravers notre expérience clinique, la
faisabilit¢ de cette procédure chez les enfants. Nous
avons montré que la CECCSC était réalisable dans
cette population avec un bon résultat fonctionnel et
radiologique. Certaines spécificités doivent cependant
étre prises en compte notamment en ce qui concerne le
conditionnement de I'enfant.

Le deuxieme travail a été dévaluer en
collaboration avec les pédopsychiatres, Iimpact
psychologique, de ce type d’intervention chez I'enfant.
Nous avons constaté que le vécu avait été bon pour
tous les patients. Nous n’avons pas retrouvé d’état de
stress post-traumatique aprés la chirurgie.

Le troisieme objectif a été dévaluer I'IRM
fonctionnelle (IRMf) de repos chez [Ienfant en
préopératoire. Nous avons pu montrer non seulement
sa corrélation avec I'électrostimulation per opératoire
mais aussi sa supériorit¢ par rapport a [I'IRMf
d’activation en termes de sensibilit¢ et de spécificité
quant a la localisation des aires du langage. En effet
'IRMf de repos nous a permis d’isoler les réseaux
attentionnels des réseaux du langage qui interferent
avec les résultats de I'lRMf d’'activation.

Mots clés

Chirurgie éveillée, tumeur sustentorielle, cartographie
corticale et sous corticale, enfants, impact
psychologique, hypnose, IRM fonctionnelle de repos,
réseau attentionnel.
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Abstract

Intraoperative cortical and subcortical direct
stimulation surgery while awake (CSCSSA) is rarely
used to operate in functional areas of the brain in
children. Only small series have been published
regarding children. However, this procedure is
considered to be a gold standard for identifying and
preserving the eloquent cortical and subcortical sites.
Indeed the child’s survival and the quality of life depend
on the quality of the tumor resection. The unifying idea
of my thesis was the transfer of the CSCSSA from
adults to children.

The first work of this thesis was to study the
feasibility of the CSCSSA in children through our clinical
experience. We also showed that CSCSSA could be
applied in children in a safe way with good clinical and
radiological results. Some precautions should also be
observed, notably concerning the preparation of these
young patients.

The second step of this thesis was to evaluate
the psychological impact of this kind of procedure in
children, thanks to the cooperation of the child
psychiatrists. The child’s experience was good in every
case. None of our patients presented symptoms of
post-traumatic stress disorder after the surgery.

The third objective was to evaluate the use of
resting state functional MRI (rsfMRI) in children for the
preoperative planning. We demonstrated not only the
strong correlation between rsfMRI and brain electrical
mapping, but also the superiority in terms of sensibility
and specificity of rsfMRI compared to task based
functional MRI. Indeed rsfMRI allowed us to isolate the
attentional networks, which interfere with the results of
task based functional MRI.
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