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Glossary

CRNL : Centre de Recherche en Neurosciences de Lyon
DCS: direct cortical stimulation

DCS-R: clinical responses elicited by DCS

EEG: electroencephalography

EZ: epileptogenic zone

HBP: Human Brain Project

HIBoP: Human Intracranial Brain Observation Player
MNI: Montreal Neurological Institute

MRI: magnetic resonance imaging

SEEG : stereoelectroencephalography

11



Résumé

Depuis un siécle, la stimulation corticale directe (SCD), utilisée au cours de la
chirurgie d'exérése tumorale, comme du bilan préopératoire des épilepsies
pharmacorésistantes, s’est imposée comme une technique primordiale pour
cartographier les fonctions cérébrales.

A partir des données recueillies ont pu étre extraites de nombreuses informations sur
le fonctionnement de structures cérébrales clés, notamment dans le cadre de
processus comportementaux et perceptifs. Néanmoins ces données nombreuses ne
sont pas uniformisées, difficiles a synthétiser et de ce fait peu utilisables en pratique.
Le but de notre travail était d’évaluer la faisabilité d’'un atlas fonctionnel incluant une
illustration par vidéo des symptdbmes obtenus, se basant sur le recueil des
stimulations corticales directes responsables de signes cliniques (SCD-R) recueillies
dans le cadre des explorations SEEG.

Cet atlas a été pensé comme un atlas a double entrée, accessible, par une entrée
clinique (symptdmes provoqués par la stimulation), soit par une entrée anatomique.
(région stimulée). La lecture de cet atlas peut se faire pour un patient donné ou un
groupe de patients dans le but d’étre utilisé a la fois par des étudiants, des cliniciens
ou des chercheurs.

Pour ce faire nous avons recueilli 1642 réponses cliniques (SCD-R) provoquées par
1436 stimulations appliquées en 1007 localisations corticales différentes dans le
cadre de I'exploration SEEG de 50 patients candidats a une chirurgie de I'épilepsie.
Les données de chaque stimulation ont été analysées afin de fournir les
caractéristiques électriques de chaque dipble stimulé, des modifications SEEG en
regard de cette stimulation et des symptdmes provoqués par cette derniére (classés
selon la classification de Luders). Les fichiers vidéo des stimulations ont été extraits
afin de fournir le maximum de précision sur la symptomatologie clinique présentée
par le patient au cours de la stimulation.

La description anatomique du cerveau des patients a été extraite de la base de
données générée par le logiciel IntrAnat Electrode utilisé en pratique quotidienne.
Les données ont été anonymisées et codées avant d’étre utilisées. Nous avons
ensuite utilisé deux logiciels préexistants (HIBoP and BrainTVreplay) développés par
le Centre de Recherche en Neurosciences de Lyon pour faire le lien entre les
données anatomiques, SEEG, et le visionnage des vidéos.

Nos premiers résultats montrent que notre atlas permet une bonne visualisation
tridimensionnelle des réseaux corticaux responsables d’'une SCD-R mais aussi de
'ensemble des SCD-R associés a une localisation corticale donnée, a I'échelle d’'un
patient donné comme du groupe de patients. Un tutoriel a été édité pour permettre
aux futurs utilisateurs d’exporter facilement les SCD-R et de permettre leur
visualisation dans HiBoP puis dans BTVReplay.

Ce travail a pour but de fournir les preuves suffisantes de la faisabilité d’'un atlas
fonctionnel basé sur I'obtention des SCD-R et doit étre vu comme une preuve de
concept, a développer dans les différents centres de chirurgie de I'épilepsie.

Afin de rendre son utilisation plus pratique au quotidien, notre atlas nécessitera des
ajustements et améliorations. Cependant la base de données initiale présentée ici
permet d’initier le travail de recueil ; a travers les différents centres de chirurgie de
I'épilepsie et par conséquent son amélioration au cours du temps.
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Summary

For almost one century, direct cortical stimulation (DCS) has appeared as a powerful
technique to map brain functions in epilepsy surgery and tumor surgery patients. This
has provided a large amount of data on the key structures involved in various
perceptual and behavioral phenomena which are, however, very difficult to
synthesize and therefore uneasy to use. The aim of our work was to assess the
feasibility to generate a functional atlas from DCS-derived clinical data, including
video clips. This atlas was imagined to be symptom-based and anatomically-based,
both at the individual and group level, in order to be usable for students, clinicians
and researchers.

To do so, 1642 clinical responses (DCS-R) elicited by 1436 stimulations applied at
1007 cortical sites were extracted from DCS performed in 50 epilepsy surgery
candidates submitted to Stereotactic intracerebral EEG (SEEG) investigation. Data
were carefully analyzed to provide information on the stimulated dipole, stimulation
parameters, DCS-R (classified according to Luders's classification) and SEEG
changes. Video-SEEG segments of DCS-R were extracted from the video-SEEG
files to provide the full clinical information. Anatomical description of the patients'
brains were extracted from the database generated by the IntrAnat Electrode sofware
that we use in routine. Data were anonymized and coded before to be further
processed. We then used two already existing in-house softwares (HIBoP and
BrainTVreplay) developed by the Centre de Recherche en Neurosciences de Lyon to
link together anatomical and SEEG data and review video sequences.

Our preliminary results shows that the atlas allows, both at the individual and group
level, and with a video output, a convenient 3D visualization of the cortical networks
associated with similar DCS-R, as well as of all DCS-R elicited from a given cortical
parcel. A tutorial has been elaborated to help future users to export DCS-R in HIBoP,
from where they can be easily displayed on brain anatomy, and further visualized
using BrainTVreplay.

We expect this preliminary work to provide convincing arguments on the practicality
and interest of this proof-of-concept of atlas, that will need further improvements to
make it available in routine. We assume that the present dataset, while limited,
already provides a firm basis for a collaborative effort across epilepsy surgery
centers to update the atlas over time.
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1. Introduction

Since the pioneering works of Penfield and Jasper (Penfield and Jasper, 1954),
direct cortical stimulation (DCS) has appeared as a powerful technique to map brain
functions in epileptic patients. This has led first to the concept of eloquent cortical
areas which, when stimulated, produce clinical symptoms (Penfield, 1947). By
analogy, this has also led later to the concept of the symptomatogenic zone, i.e. 'the
area of cortex which, when activated by an epileptiform discharge, produces the ictal
symptoms' (Rosenow and Luders, 2001). Therefore, DCS helps in epilepsy surgery
not only for delineating the cortical regions that have to be spared by the resection,
but also for providing insights into the spatial organization of the epileptogenic zone
by identifying relay and subrelay areas that are essential for building up individual
ictal clinical signs. This explains why DCS has survived to the advent of functional
neuroimaging techniques in the field of resective brain surgery, whether applied
intraoperatively in acute condition, or extraoperatively in epilepsy monitoring unit
using subdural or intracererebral electrodes (Ritaccio et al., 2018).

Obviously, such a 'phrenological' approach cannot account for the complexity of brain
(dys)functions, which are currently viewed as underlied by large scale networks (i.e.,
distributed groups of interconnected and synchronized neurons) rather than isolated
functional areas (Duffau et al., 2008; 2014). Also, how DCS modulates brain activity
so that behavioural responses are altered or promoted still remains to be elucidated.
However, and despite some reservations, DCS remains a unique method to provide
information on some of the key structures involved in various perceptual and
behavioral phenomena, whether physiological or pathological (Desmurget et al.,

2013).
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As such, DCS has brought during the last decades a large amount of data on brain
functions that are however very difficult to synthesize and therefore not easy to use
(Selimbeyoglu and Parvizi, 2010). Having an easy access to such a large dataset
would be certainly of crucial interest both for clinicians, researchers and teachers
who are involved in the functional assessment of brain networks. However, apart
from a very recent initiative (Sarubo et al., 2020), clinical data derived from DCS
have been so far not well exploited to make them easily available through user-
friendly interfaces.

The main aim of the present work was to assess the feasibility to generate a
functional atlas from DCS-derived clinical data, which could be updated over time.
This implied first to appropriately classify clinical information that were extracted from
DCS performed in 50 epilepsy surgery candidates submitted to Stereotactic
intracerebral EEG (SEEG) investigation, and then to design an easy-to-use
procedure to store, retrieve and visualize the data, including the videotapes. The
atlas was imagined to be symptom-based and anatomically-based, both at the
individual and group level, in order to be usable for clinical, research and teaching
purpose. We expect this preliminary work to provide convincing arguments on the
practicality and interest of this atlas, that will need further improvements to make it

available in routine.

2. Material and methods
2.1. Patient population

To have a large overview of the spectrum of clinical responses that can be elicited by
DCS, 50 epilepsy surgery patients who underwent SEEG recordings at Grenoble-
Alpes University Hospital were selected, based on the following criteria: (i) age > 7

years; (ii) no mental retardation nor major psychiatrics comorbidities; (iii) at least one
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DCS-induced clinical sign; (iv) pre- and post-implantation neuroimaging studies
available.

All the 50 patients underwent high-resolution MRI, scalp-video-EEG monitoring, and
neurocognitive evaluation before the SEEG study.

The main characteristics of the studied population are given in Table 1. Briefly, there
were 29 women and 21 men, whose age at SEEG ranged from 8 to 58 years (mean
32.4 years). Mean age at seizure onset was 11.8 years (range 1-41 years) and mean
duration of epilepsy was 20.6 years (range 2-44 years). Brain MRI showed different
kind of lesions in 30 cases and proved negative in 20.

SEEG investigations were tailored in each individual depending on the suspected
origin of seizures (Kahane and Dubeau, 2014) so that the number of intracerebral
electrodes varied from 6 to 20 per patient.

Based on SEEG findings, the epileptogenic zone proved to be unilobar in 36 cases
(temporal: 19 ; frontal: 14 ; insular: 3), mulitlobar in 5 cases, bilateral or multifocal in 8

cases, and undetermined in 1 case.
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Patients, sex, Age at Seizure Epilepsy N of SEEG
& SEEG onset duration i past-history ical Exam Brain MRI electrodes Epileptogenic zone Surgery Histology
handedness
{years) {years) {years) {R/L)
1, M, RH 21 3 18 ) N N 13/0 Rinsular resection Fon
2,F,RH 17 7 10 familial history of epilepsy N previous R temporo-insular surgery 16/0 multifocal VNS NA
3,M,RH 30 25 5 ) N previous R frontal surgery 15/0 R frontal resection DNET
4,F,RH 39 30 El ) N N 0/13 Ltemporal resection DI
5, M, RH 22 15 7 West syndrome N N 15/0 R frontal resection non specific
6,F,RH 35 28 7 ) N N 15/4 R frontal resection Fon
7,F, 1 52 15 37 ) N Ltemporo-polar blurring 0/17 Ltemporal RFTC NA
8,F,RH 35 4 £} ) N R frontal MCD 12/3 R frontal resection DI
9,F, RH 30 8 22 ) N RHS /s bi-temporal ) NA
10,F, RH 46 2 a4 ) N Lamygdala enlargement 4/13 Ltemporal resection DI
11, M, RH 18 3 15 circular cord slight L leg paresis N 4/0 R frontal resection ectopic neurons
12, M, RH 35 23 22 ) N N 14/3 Rtemporal resection D1
13,F,RH 42 2 40 febrile seizure N RHS 9/2 Rtemporal resection HS
14,F,RH 45 8 37 15 N 0/11 Ltemporal resection D1
15, M, LH 44 3 a4z meningitis N R posterior MCD 17/0 Rtemporal 15 NA
16, F, RH 23 17 6 ) N N 18/0 Rinsulo-opercular resection ectopic neurons
17, M, L1 16 1 15 ) N previous L temporal surgery 0/16 Ltemporal resection FCDI
18,F,RH 40 19 21 ) N R temporo-occipital MCD 15/0 R temporo-occipital resection FCD IAB
19, M, RH 25 3 22 ) N R rolandic MCD 6/0 R frontal RFTC NA
20, M, RH 32 15 17 -) N previous R temporal surgery 11/4 R temporge-insular resection non speific
2L,F, LH 33 2 31 GRINZA mutation N 16/0 R frontal resection FCD1
22,F,H 26 4 22 -) R hemiparesis previous L parietal surgery 0/15 L parieto-frontal resection FCD1
23,F,RH 32 21 11 -) N Rtemporal tumor 13/4 Rtemporal resection gaglioglioma
24,F,RH 38 3 35 head trauma N 12/6 bi-frontal ) NA
25,F,RH 44 4l 3 ) N N 0/12 Ltemporal resection ectopic neurons
26, M, RH 40 4 36 HIV=+ N N 15/0 Rinsular resection FCo1
27, M, LH 38 15 23 -) N N 3/13 Lfrontal resection FCon
28, F,RH 46 al 5 ) N L temporo-polar blurring 8/5 bi- temporal {) NA
43 7 36 ) N RHS 15/0 Rremporal resection ectopic neurons
4l 9 32 ) N N 11/3 Ltemporal resection DI
33 6 27 ) N previous R fronto-temporal surgery 7/9 Rinsulo-parietal resection DI
15 12 3 -) N N 0/15 Ltemporal resection non specific
28 21 7 prematurity N N 0/17 bi-insular ) NA
48 7 41 ) N brainstem telangectasia 10/6 multifocal VNS NA
27 12 15 ) N bilateral PYNH 13/6 multifocal RFTC NA
22 1 1 febrile seizure N LHS 0/14 Ltemporal resection HS
31 16 14 ) N bilateral subcortical heterotopia 4/10 multifocal ) NA
20 5 23 I N previous L insular surgery 0/14 Linsular resection aligedendroglioma
24 5 19 ) N Ltemporo-polar blurring 0/13 Ltemporal resection FCO A
52 8 a4 head trauma N N 7/13 Lfrontal resection D1
58 37 21 ) N previous L frontal surgery 0/12 Lfrontal resection non specific
17 15 2 ) N N 10/7 bi-temporal no surgery NA
10 8 2 -) N R frontal MCD 18/0 R frontal resection DI
44, M, RH 31 1 30 West syndrome N R fronto-insular MCD 16/0 R frontal resection DI
45, M, RH 37 18 19 ) N N 0/12 Lfrontal resection FCo i
46, F, RH 16 4 12 head trauma N previous R insular surgery 17/0 R frontal resection Lipofuscin accumulation
47, M, RH 14 5 ] ) N L temporo-polar blurring 0/16 resection ganglioglioma
48, M, LH 42 11 31 head trauma N Ltemporo-polar blurring 0/16 resection non specific
49, F, RH 8 4 a prematurity N Ltemporal MCD 0/11 Ltemporal resection FCo
50, M, LH 43 12 37 ) N N 15/00 Rtemporal resection FCD 1A

Table 1. General characteristics of the patients population. M: male; F: female; RH: right-handed;
LH: Left-handed; Amb: ambidextrous; N°: number; N: normal; R: right; L: left; RFTC: radiofrequency
thermocoagulation; VNS: vagus nerve stimulation; MCD: malformation of cortical development; FCD:
focal cortical dysplasia; PVNH: periventricular nodular heterotopia; HS: hippocampal sclerosis; DNET:

dysembryoplasic neuroepithelial tumor.

2.2. DCS procedure

DCS were performed using the SEEG recording multicontacts semirigid intracerebral
electrodes that had a diameter of 0.8 mm and comprised 5 to 18 contacts of 2 mm
length and 1.5 mm apart (DIXI Medical, Besangon, France). The precise location of
the electrodes contacts was assessed using a computer-assisted matching of per-
implantation CT-scan or MRI with a pre-implantation 3D MRI, using the IntrAnat

Electrodes software (Deman et al., 2018).
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DCS were conducted in one to 3-hour sessions over a few days under continuous
video-SEEG monitoring that allowed to record simultaneously the depth EEG activity
of up to 128 contacts, with a sampling rate of 512 to 2048 Hz and an acquisition
band-pass filter between 0.1 and 200 Hz (Micromed, Treviso, Italy).

DCS were applied between two adjacent electrode contacts (bipolar stimulus) using
a current generator delivering square wave pulse of alternating polarity (Micromed,
Treviso, Italy), and according to parameters proved to produce no structural damage
(Gordon et al., 1990).

Following our standard clinical procedure (Kahane et al., 1993), DCS were performed
at low (1Hz, rarely 10Hz) frequency (pulse width: 1msec; DCS duration: 40 sec) and
high (50Hz) frequency (pulse width: 0.5-1ms; DCS duration: 5 sec), with stepwise
increasing intensities (0.5 to a maximum of 5mA) until clinical responses,
afterdischarges or electro-clinical seizures were obtained. Typically, patients were
sitting on the bed, facing the video camera with eyes opened and arms outstretched,
counting or listing series of words. Other simple tasks could be performed depending
on the expected or observed clinical responses (e.g, alternate movements of the
forearms, finger tapping, listening the observer's voice, denominating images, etc...).
Patients were asked to report any symptoms they felt as soon as possible and were
immediately examined and carefully questioned by the observer. Clinical and
electrical findings were documented on a standardized form and stored on

computerized support.
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2.3. DCS analysis

Clinical responses elicited by DCS (DCS-R) at 1Hz, 10Hz or 50Hz were extracted
from the raw data sheets, and only clinical signs elicited at the lowest intensity for a
given DCS site were kept for analysis in order to get a DCS effect as focal as
possible. Electrically-induced seizures were not taken into consideration.

The videotapes of each DCS-R were then carefully reviewed by at least two of three
clinicians (T.R., A-S.J-C, and P.K.) and classified according to the terminology used
by Lluders et al. to categorized paroxysmal events (Luders et al., 2019). To note that
we use only the terms of 'event' and replace the term of 'aura' by 'subjective event' to
avoid any misunderstanding with respect to seizures. Then, depending on the level of
details provided by videotapes analysis, clinical manifestations were classified
according to the three levels of complexity of the classification (low, moderate, high),
including somatotopic modifiers when appropriate (see Annex 1). When different
signs occurred concomitantly during DCS, they were considered independently.
Whether clinical manifestations were recognized as being part of the patient's seizure
or not was noticed.

SEEG findings were also reviewed to evaluate whether DCS-R were associated or
not with an afterdischarge, a term which refers to a rythmic epileptiform discharge
that occurs as an immediate result of DCS and outlasts the electrical stimulus. SEEG
findings were then classified either as no change, local afterdischarge (limited to the
stimulated electrode), regional afterdischarge (diffusing to adjacent electrodes), or

diffuse afterdischarge (involving electrodes remote from the DCS site).
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2.4. Gathering and processing of DCS-R

The objective here was to design a user-friendly procedure allowing to easily display
DCS-R in the brain anatomy, both at the individual and group level, and therefore to
generate a functional atlas from DCS data.

To do so, all DCS data were collected in an Excel file that provided information on
the stimulated dipole, stimulation parameters (frequency and intensity), and electro-
clinical responses (according to the categorizations described above) (Figure 1).

Data were anonymized and coded before to be further processed.

Elec Contact Hz mA DCS-R code AD Known b A D Motor Special Modifier 1 Mofifier 2
Y 15 1 0,2  GRE_2017_MAIm_SEY15_1 0,2 0 Non Simple - Clonic* Hand Left
S 2 50 2 GRE_2017_MAIm_SES2_50_2 Local Non Somatosensory* Arm Left
S 6 50 2 GRE_2017_MAIm_SES6_S0_2 Local Non Simple - Tonic* Face Left
S 9 50 2 GRE_2017_MAIm_SES9_S0_2 Local Non Somatosensory* Tongue Left
H 12 50 2 GRE_2017_MAIm_SEH12_S0_2 0 Non Simple - Clonic* Hand Left
P 2 50 1 GRE_2017_MAIm_SEP2_50_1 0 Non Somatosensory* Leg Left
Y 9 50 1 GRE_2017_MAIm_SEY9_S0_1 0 Non Somatosensory* Arm Left
s 6 50 1 GRE_2017_VEZc_SES'6_S0_1 0 Oui Aphasic
s' 2 50 2 GRE_2017_VEZ2c_SES'2_S0_2 Local Non Vestibular
R' 3 50 2 GRE_2017_VEZ_SER'3_S0_2 0 Non < Leg Right
R 5 50 2 GRE_2017_VEZc_SER'S_S0_2 0 Non Auditory* Complex - Automotor
A 2 1 3 GRE_2016_TEYf_SEA2_1_3 0 Non Autonomic Head Axial
R 7 50 1 GRE_2016_TEYf_SER7_S0_1 0 Non Autonomic - Abdominal Aura Tongue Axial
A 2 50 2 GRE_2016_TEVF_SEA2_50_2 Local Non Gustatory Head Axial
A 2 50 2 GRE_2016_TEYf_SEA2_50_2 Local Non 25?::::‘/ Aphasic
A 2 50 3 GRE_2016_TEYf_SEA2_50_3 Régional  Non _ somatosensory” Head Axial
R 7 50 3 GRE_2016_TEY_SER7_S0_3 Local Non Vestibular Tongue Axial
F 7 1 3 GRE_2017_MES]_SEF7_1_3 0 Non Visual* Left
z 3 50 3 GRE_2017_MESj_SEZ3_50_3 Local Non Unclassified-Aspecific Head Right
Et 4 50 3 GRE_2017_MES]_SEEt4_50_3 Local Oui Unc\assiﬁod-Pefccptwe Face Left
Et 2 50 3 GRE_2017_MESj_S€€t2 50 3 Régional Oui Somatosensory* Head Bilateral
\% 16 50 3 GRE_2017_MESj_SEV16_50_3 Local Non Auditory* Bilateral asymetric
| 8 50 3 GRE_2017_MESj_SEI8_50_3 Régional Oui Unclassified-Aspecific
T 2 50 3 GRE_2017_MESj_SET2_50_3 Local Non Auditory* Bilateral
F 2 50 3 GRE_2017_MES]_SEF2_50_3 Local Non Visual*® Bilateral asymetric
LT 7 50 3 GRE_2017_MESj_SET7_50_3 Local Non Unclassified-Aspecific

Figure 1. Data collection. Data collection is presented here for four patients. The Excel file comprises, for each DCS (that is identified by a specific code), the
electrode (Elec) contact that was stimulated, the frequency (Hz) and intensity (mA) of stimulation, whether an afterdischarge (AD) was elicited or not, and
whether the clinical response was recognized or not as being part of the patient's seizure (known). DCS-elicited clinical events are categorized according the
terminology used in Liiders's classification (Luders et al. 2019), including somatotopic modifiers when needed. Additional fields (not represented) provide
more details on clinical manifestations and on the electrodes contacts involved by the afterdischarge, if any.

Video-SEEG segments of DCS-R were extracted from the video-SEEG files to
provide the full clinical information, i.e. starting 10 sec before the stimulation onset
and terminating at the end of clinical signs and/or patient's questioning. Each
segment comprised two files (one SEEG file in Micromed TRC format, and one video
file in AVI format), which were each identified using the same code as the one use for

DCS-R identification in the Excel spreadsheet.
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Anatomical description of the patients (3D mesh of the brain, 3D T1 MRI, and
coordinates of the sites of the electrodes contacts) were extracted from the database
generated by the IntrAnat Electrode software that we use in routine to coregister
various 3D brain images and to visualize the anatomical location of the electrodes
(Deman et al., 2018).

Then, to link together anatomical and SEEG data and review video sequences, we
used two already existing in-house softwares developed by the Centre de Recherche
en Neurosciences de Lyon (CRNL). The first software, HIBoP (Human Intracranial
Brain Observation Player), developed in the frame of the Human Brain Project to
display task-related intracranial gamma-band responses during various cognitive
tests, was used to visualize the location of all SEEG sites onto the individual patient's
3D MRI (at the individual level) or onto the 3D MNI (Montreal Neurological Institute)
MRI template (at the group level). HiBoP thus allowed for the convenient selection
and 3D visualization of sites with a given clinical manifestation induced by DCS.
SEEG sites located in the same anatomo-functional region or with similar clinical
DCS-R were exported for further processing (video-SEEG review) using the second

software - BrainTVreplay - designed for that purpose.

3. Results
3.1. Clinical effects of DCS

During 50 SEEG studies, a total number of 1642 DCS-R (3-88 per SEEG, 28.7 in
average) were elicited by 1436 DCS applied at 1007 SEEG sites.

DCS that provoked DCS-R were more frequently applied at 50Hz (74.4%) than at
1Hz (24.7%) or 10Hz (0.8%), with similar intensities used (Table 2). They evoked
much more frequently one single clinical event (87%) than two (11.8%) or three

(1.2%), whether applied at low (1Hz or 10Hz, 94% vs 4.9% vs 1.1%) or high (50Hz,
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84.6% vs 14.2% vs 1.2%) frequency. Five hundred thirteen (35.7%) of the DCS that
provoked DCS-R also concomitantly evoked an afterdischarge, which was local in
the majority of the cases (Table 2). Afterdischarges were much more easily elicited
by high frequency DCS (43.5% of 50Hz DCS) than by low frequency DCS (13.1% of
1Hz / 10Hz DCS). Interestingly, 91 of the 177 DCS (51.4%) that elicited more than
one clinical sign also provoked an afterdischarge, as compared with 422 of the 1249
DCS (33.8%) that produced only one clinical event. This finding was more prominent
for 1Hz/10Hz DCS (10/22, 45.5% vs 38/307, 12.4%) than for 50Hz DCS (81/165,

49.1% vs 384/904, 42.5%).

. Intensity N° of DCS-R Afterdischarge
DCS N (mA)
1 2 3 | none | local | regional | diffuse
All 1436 | 2.1(0.2-4) | 1249 | 170 | 17 | 923 391 101 21
50Hz | 1069 | 2.1 (0.4-4) 904 152 | 13 | 604 357 94 14
10Hz 12 2.1 (2-3) 12 0 0 8 4 0 0
1Hz 355 2.1 (0.2-3) 333 18 4 311 30 7 7

Table 2. Direct cortical stimulation eliciting clinical events in 50 patients studied by SEEG.
DCS: direct cortical stimulation; DCS-R: clinical response elicited by direct cortical stimulation; N°:

number.

A large majority of the 1642 DCS-R consisted in subjective events (n=1148, 69.9%),
of which 177 (15.4%) could not be classified further (Table 3). Otherwise they mainly
consisted in somatosensory manifestations (33.4%), followed by visual (13.7%),
autonomic (13.5%), auditory (10.1%) and psychic (8.4%) phenomena. Vestibular,
gustatory and olfactory manifestations were quite rare. Subjective events were
produced much more frequently by 50Hz DCS (930/1148, 81%) than by 1Hz/10Hz
DCS (218/1148, 19%). They often resembled patients's epileptic aura (396/1148,

34.5%) and/or were often associated with an afterdischarge (493/1148, 42.9%).
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Motor events accounted for 17.9% of DCS-R (294/1642), and they almost always
consisted in simple motor manifestations (97.3%). By opposition to subjective events,
they were more frequently elicited by 1Hz/10Hz DCS (181/294, 61.6%) than by 50Hz
DCS (113/294, 38.4%), and they unfrequently occurred concomitantly with an
afterdischarge (38/294, 12.9%). Surprisingly, however, they were often recognized by
the patients as being part of their seizures (89/294, 30.3%). As expected, 1Hz/10Hz
only provoked clonic/myoclonic manifestations while 50Hz DCS mainly produced
tonic or clonic manifestations (Table 3).

Dyscognitive events represented the third low complexity group of DCS-R (173/1642,
10.5%), and mainly consisted in aphasic phenomena (89%). Akinetic events were
much less frequent (11%), and dialeptic events were never observed (Table 3).
Dyscognitive events were elicited by 50Hz DCS in a large majority of the cases
(158/173, 91.3%), they often resembled patients's seizures (52/173, 30.1%), and
they were commonly associated with an afterdischarge (84/173, 48.6%).

The remaining two low complexity groups - (objective) autonomic events and special
events - only accounted for 0.5% (8/1642) and 1.1% (19/1642) of all DCR,
respectively (Table 3). However, we did not check systematically ECG nor respiratory
changes during DCS, which can explain the absence of bradycardia, tachycardia and

apnea.
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o . -R alr -R wi
Type of DCS-R N° of DCS-R - e Zii:iaelni:gv [a)fctserz:c;:::
1Hz 10Hz 50Hz  afterdischarge ) )
during seizures  and unknown
All 1642 404 12 1226 625 547 710
Subjective events 1148 206 12 930 453 356 480
auditory 11 3 0 11 52 1 57
autonomic 155 24 0 131 96 87 27
abdominal 68 14 0 54 a7 31 11
other 87 1 0 77 43 56 1
gustatory 1 0 0 1 6 8 7
olfactory 2 0 0 2 1 0 1
psychic 96 9 0 87 63 64 8
somatosensory 383 80 0 303 11 98 204
vestibular 43 2 1 40 20 15 1
visual 157 33 11 11 66 37 71
unclassified 177 31 0 146 74 68 67
Autonomic events 8 2 0 6 4 4 1
bradycardic 0 0 0 0 0 0 0
emetic 0 0 0 0 0 0 0
sialorrheic 7 2 0 5 3 4 1
tachycardic 0 0 0 0 0 0 0
urinary 1 0 0 1 1 0 0
Dyscognitive events 173 1 0 158 84 52 57
aphasic 154 1 0 139 78 43 45
akinetic 1 0 0 1 6 9 8
dialeptic 0 0 0 0 0 0 0
Motor events 254 181 0 11 38 83 183
simple motor 286 0 0 0 35 85 180
clonic/myoclonic * 155 181 0 14 6 50 142
spasm 0 0 0 0 0 0 0
tonic 64 0 0 64 1 23 30
tonic-clonic 0 0 0 0 0 0 0
versive 27 0 0 27 10 12 8
complex motor 8 0 0 8 3 4 3
automotor 8 1 0 7 3 4 3
gelastic 0 0 0 0 0 0 0
hypermotor 0 0 0 0 0 0 0
Special events 19 0 0 19 6 6 9
astatic/atonic * 19 0 0 19 6 6 9
apneic 0 0 0 0 0 0 0
hypnopompic 0 0 0 0 0 0 0
hypomotor 0 0 0 0 0 0 0
negative myoclonic 0 0 0 0 0 0 0

Table 3. Clinical responses elicited by cortical stimulation in 50 patients studied by SEEG. The
terminology used is derived from Liders's classification (Luders et al., 2019). To note (*) that the
simple motor events 'clonic' and 'myoclonic', as well as the special events 'astatic' and 'atonic' were

grouped. DCS-R: clinical response elicited by direct cortical stimulation; N°: number.

3.2. DCS-Atlas generation to display DCS-R

One deliverable of this work was to propose a user-friendly procedure to help
clinicians to export DCS-R in HIBoP, from where they can be easily displayed on

brain anatomy, and further visualized using BrainTVreplay.
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To this aim, a tutorial was elaborated in close collaboration with the CRNL, the full
presentation of which is presented in Annex 2. Below are briefly presented the main
steps we had to pass through for our dataset of 1642 DCS-R, and some of the
possibilities that offer HIBoP and BrainTVreplay to show the data.

Brain anatomy (3D T1 MRI) and location of intracerebral electrodes of the 50 patients
were extracted from the IntrAnat Electrodes database, which is based on BrainVisa
(http://brainvisa.info) and therefore allows an easy export to HIBoP. DCS parameters
and effects were extracted from the Excel file for each of the 50 patients, and then
converted in CSV format to be read by HIBoP. Once imported in HIBoP, anatomical
and DCR data were linked together, and the software then allowed several options of
data display, that are currently not all fully developed.

HIBoP first allows to show the position of all electrodes implanted in one single
patient or in a patient group, and to precisely visualize the location of each electrode
contact on the patient's brain anatomy or on a reconstruction of the MNI brain (Figure
2A). The display of DCS-R is not available yet for all elicited events, but of course still
possible for each type of clinical event, either at the low (Figure 2B) or moderate
(Figure 2C) level of clinical complexity as defined in Luders's classification (Luders et
al., 2019). Additionally, by pointing to each stimulated contact, HIBoP provides a full
clinical, anatomical and SEEG information of the corresponding DCS-R, including

notably the high level of clinical complexity and the somatotopic modifiers.
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Figure 2. Electrodes location and anatomical display of electrically-induced clinical responses.
Each dot represents one single electrode contact. (A) Visualization of all contacts of the 752
electrodes implanted in the 50 patients. (B) Visualization of the 1148 DCS sites from where subjective
events (low level of clinical complexity) where elicited. The sites are widely distributed over the
temporal, parietal, occipital and insular lobes, but much less represented over the frontal lobe. (C)
Visualization, among subjective events, of the 116 auditory manifestations (moderate level of clinical
complexity). As expected, responses are mainly distributed along the first temporal gyrus and more
especially at the vicinity of Heschl gyrus. (D) By pointing to one of the contacts (here one of those
associated with an auditory response), an explanatory window appears, where all the clinical,
anatomical and SEEG information is provided. This includes the patient identification code, the
stimulated contacts name, the stimulation parameters (frequency and intensity), the location of the
DCS site according to different brain atlases (AAL, Aicha, Freesurfer, Lausanne, MarsAtlas,
Hammers, HCP-MMP), the precise description of clinical events (third level of clinical complexity and
somatotopic modifiers) and whether they resemble or not to the patients' seizures, the presence and
extent of an afterdischarge, if any, and the description of other clinical events possibly elicited

concomitantly.

HIBoP allows not only to display on brain anatomy a functional map of a given
subgroup of DCS-R, but it also provides, for a given brain region, a visualization of

the clinical events that can be elicited by its stimulation (Figure 3).
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At that time, however, the two entries cannot be mixed together, i.e. visualizing within
an anatomical parcel only those of DCS-R that belongs to a specific clinical events

subtype.

Figure 3. Display of clinical events elicited by DCS applied within a specific parcel of the brain.

Each dot represents one single electrode contact. (A) Visualization of all contacts of the 752
electrodes implanted in the 50 patients, before any brain parcellation. (B) Anatomical location of all
DCS sites tagged as 'Frontal lobe' using the MarsAtlas parcellation. (C) All DCS-R located within the
frontal lobe are provided in the drop-down menu (panel C, upper right), from where they can be
selected (arrow) to be anatomically displayed at the intersection of the three anatomical planes, and
then detailed by pointing on the selected spot (panel D). In this example (patient 38), 50 HZ DCS of
electrode 1'"11-I'12, located in the left frontal eye-field, provoked a motor event (low level of
complexity), further defined as simple motor event (moderate level of complexity), and then as versive
event (high level of complexity) which involved the eyes and head (somatotopic modifier 1) that were

deviated to the right (somatotopic modifier 2).

Video clips of DCS-R cannot be currently triggered directly from HIBoP, so that
video-SEEG segments (coded in a similar way as the DCS-R identification in HIBoP)

must be converted using HIBoP2Replay before to be played with BrainTVreplay.
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This latter then allows a convenient visualization of the patient's behavior and of the
concomitant SEEG activity over selected channels, as well as the display of the DCS

site in the MNI brain (Figure 4).

GRE_2016_ SEIM2_50_2

00:14/00:22

Figure 4. Visualization of the video clip of electrically-induced clinical events. BrainTVreplay
interface allows to simultaneously visualize the patient's behavior (right), SEEG channels (middle) and
DCS site (upper left). Same example as in Figure 3. The video-SEEG review shows on the one hand
that the versive phenomenon involved first the eyes, and on the other hand that the stimulated

contacts (I'11-1'12) did not exhibit any afterdischarge.

4. Discussion

This last decade, a number of initiatives have been proposed to collect, store, share
and analyze intracranial EEG data, in particular as part of the Human Brain Project
(HBP). Some of these initiatives have recently led to the development of several
brain atlases that gather cortico-cortical evoked potentials (David et al., 2013;

Trebaul et al., 2018), physiological intracranial EEG activities (Frauscher et al.,

28



2018), cortico-subcortical critical functions (Sarubo et al., 2015; 2020), and task-
related gamma-band responses (HBP-funded HIBoP project).

Our atlas, although preliminary, is connected to and can complement that line of
research by providing a large dataset on the clinical effects of DCS in epileptic
patients, including - in an original way - video clips. It has been thought both for
students, clinicians, and researchers, and therefore relies on a user-friendly interface
allowing symptom-based and anatomy-based data retrieval, as well as individual and
group analyses. All clinical and SEEG information imported in the atlas have been
carefully reviewed and labelled according to a standardized methodology that can be
easily reproduced by other epilepsy surgery centers. In particular, the description of
DCS-R was derived from the terminology used by Liuders et al. (2019) to depict
seizure semiology, which reduces the risk of misclassification across users and
allows an easy comparison between functional mapping and epileptic signs. The use
of different levels of clinical complexity also allows to adapt DCS-R group analyses
according to the number of available data in each group or subgroup of clinical
events in order to reach significance. As our project was thought from the start as
scalable, the progressive incrementation of the atlas should allow in the future to
reinforce the association between a given elicited clinical symptom and one (or
several) cortical locations.

We started our project with the collection of 1642 DCS-R in 50 patients, with the aim
first to evaluate the feasibility of classifying and importing anatomo-electro-clinical
data into softwares dedicated to their visualization. Our work was thus not intended

to give an exhaustive overview of DCS-R of the human cortex.
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The current DCS-R database, however, underlines some interesting findings that can
be summarize as follows. (i) High frequency (50H) DCS was much more efficient
than low frequency (1Hz/10Hz) DCS to elicit clinical event, as already suggested in
previous studies (Kahane et al., 1993).

This finding does not seem to rely on the current density delivered, which was quite
close across DCS types. It might rather depend on the pulse width used, that was
lower for high-frequency (i.e., 0.5 msec) than for low-frequency (i.e., 1 msec) DCS,
and might therefore explain the preferential stimulation of axons or cell bodies,
respectively. (ii) A large majority of DCS (87%) only provoked one single clinical
event, which might suggest a functional selectivity of the stimulated cortical area.
Whether this effect results from a local or remote effect of the electrical current
delivered remains debatable (Borchers et al., 2012), but this supports the idea that
the DCS sites sit in critical nodes of the neural network underlying a specific brain
process. (iii) More than two-third of DCS-R consisted in subjective events, which
strikingly differs from the functional dataset recently provided by Sarubo et al. (2020)
where objective events were much more frequently elicited. In this latter situation,
however, DCS were applied during awake surgery, at 60Hz only, at the brain surface
or in the subcortical white matter neighboring the resection, with a limited time frame,
and during functional tasks mainly designated to evaluate the surgical risks. The
working environment for DCS assessment is quite different during SEEG procedures
(see the method section), with a spatial sampling that allows to reach various mesial,
lateral and deep-seated cortical areas as well as sulcal cortex. (iv) A significant
number of DCS-R were recognized by the patients as being part of their seizures,
and/or were associated with an afterdischarge. Both findings suggest that at least

part of the stimulated cortex is epileptogenic (and is therefore hyperexcitable) and
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that possible plastic changes may have occurred in response to repeated seizures
(Trébuchon and Chauvel, 2016). However, 43.2% (710/1642) of DCS-R responses
were unknown and devoid of any associated electrical changes (Table 3), which can
serve as an 'ideal' dataset for functional mapping purpose.

In any case, gathering all DCS-R in a common database allows, if needed, the
comparison of the anatomical distribution of a given clinical event whether
physiological or pathological.

As a proof of concept, the current atlas has to face some limitations that will have to
be overcome over time. One of these limitations concerns the localizing significance
of DCS-R, that remains a subject of controversy for many decades (Borchers et al.,
2011; Desmurget et al., 2013). Pragmatically however, the obvious causality between
DCS and behavioural changes makes its use essential to predict potential deficits
during resective surgery (Mandonnet et al., 2010). Going further to interpret DCS
effects needs new developments, such as the quantification of DCS-induced high
frequency activities outside the stimulated region to assess large-scale networks
correlated with DCS-R (Perrone-Bertolotti et al., 2020). Another limitation relies on
the spatial coverage of SEEG electrodes, which strongly depends on the epilepsy
type and can explain the current under-evaluation of certain brain regions, and
consequently the rarity or even lack of some clinical events. The present dataset,
while limited, provides a firm basis for a collaborative effort across epilepsy surgery
centers to update the atlas over time and therefore minimize the spatial sampling
bias. A third limitation, related to one of the major assets of our atlas, concerns the

sharing and distribution of video clips that raise ethical and regulatory issues.
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Conclusion

THESE SOUTENUE PAR : Thomas RIEFFEL
TITRE :

CLINICAL EFFECTS OF DIRECT CORTICAL STIMULATION OF THE HUMAN
BRAIN AND PROPOSAL FOR A FUNCTIONAL ATLAS

EFFETS CLINIQUES DE LA STIMULATIN CORTICALE DIRECTE DU CERVEAU
HUMAIN ET PROPOSITION D'UN ATLAS FONCTIONNEL

CONCLUSION:

Since the pioneering works of Penfield and Jasper, direct cortical stimulation (DCS) has
appeared as a powerful technique to map brain functions in epileptic patients. This has
provided during the last decades a large amount of data on the key structures involved in
various perceptual and behavioral phenomena that are however very difficult to synthesize
and therefore not easy to use. The aim of our work was to assess the feasibility to generate a
functional atlas from DCS-derived clinical data. This atlas was imagined to be symptom-
based and anatomically-based, both at the individual and group level, in order to be usable for
clinical, research and teaching purpose.

To do so, 710 DCS-elicited clinical responses (DCS-R) that did not resemble patient’s usual
seizures and that were not associated with any afterdischarges were extracted from DCS
performed in 50 epilepsy surgery candidates submitted to Stereotactic intracerebral EEG
(SEEQG) investigation. DCS-R were analyzed and labeled according to Luders classification.
Video-SEEG segments were anonymized and coded to provide information on the stimulated
bipole and on DCS frequency and intensity. Anatomical description of the patients' brains
were extracted from the database generated by the IntrAnat Electrode software that is used in
routine to locate the electrodes contacts. We then used two already existing in-house
softwares (HIBoP and BrainTVreplay) developed by the Centre de Recherche en
Neurosciences de Lyon (CRNL) to design an easy-to-use procedure to store, retrieve and
visualize the data, including the videotapes. Our preliminary results shows that the atlas
allows, both at the individual and group level, and with a video output, a convenient 3D
visualization of the cortical networks associated with similar DCS-R, as well as of all DCS-R
elicited from a given cortical parcel.

We expect this preliminary work to provide convincing arguments on the practicality and
interest of this proof-of-concept of atlas, that will need further improvements to make it
available in routine.

VU ET PERMIS D'IMPRIMER

Grenoble, le: \/’;’f“\/‘ Z(,

LE PRESIDENT DE LA THESE
—

Pr. Phillippe KAHANE

Pr. Patrice MORAND
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Annexes

1. Luders Classification
Seizure classification

Table 2. Semiology classification of low complexity.

Auras*

Autonomic seizures*

Dyscognitive seizures

Motor seizures*

Special seizures

Asymptomatic EEG seizure

The asterisk (*) indicates that a somatotopic modifier may be
used to specify the category with more precision (see Table 6).

Table 3. Semiology classification of moderate complexity.

Auditory aura*

Autonomic aura Abdominal Aura

Gustatory aura

Olfactory aura

Auras * Psychic aura

Somatosensory aura®

Vestibular aura

Visual aura*

Bradycardic seizure

Emetic seizure

Sialorrheic seizure

Autonomic seizure*
Tachycardic seizure
Urinary seizure
Aphasic seizure
Dyscognitive seizure Akinetic seizure

Dialeptic seizure

Clonic seizure*

Epileptic spasm*
.

Simple motor seizures* Tonkc selzure

Motor seizure*
Versive seizure*

Myoclonic seizure*

Tonic-clonic seizure*

Automotor seizure

Gelastic seizure
Complex motor seizures

Hypermotor seizure

Astatic seizure

Atonic seizure

Central apneic seizure

Special seizures Hypnopompic seizure

Hypomotor seizure

Negative myoclonic seizure*

Asymptomatic EEG seizure

The asterisk (*) indicates that a somatotopic modifier may be used to specify the category with more precision (see Table 6).
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Table 4. Semiology classification of high complexity.

Aura* Auditory aura
Abdominal aura Choking aura
Diaphoretic aura *
Dipsosic aura
Pilomotor aura *
Autonomic aura Sialorrheic aura
Tachycardic aura
Urinary aura
Vasomotor aura*
Gustatory aura
Olfactory aura
Ecstasy aura
Psychic aura Affective aura Pleasure aura Religious aura
Sexual aura
Anger aura
Depression/Sadness aura
Unpleasant aura Embarrassment aura
Fear/Panic aura
Guilt aura
Cognitive aura
Experiential aura
Déja-vu aura
Eamiiariy ve Jamais-vu aura
Auditory aura
Body aura
lllusionary aura
Time aura
Visual aura
Somatosensory aura*
Vestibular aura
Visual aura® Ictal blindness*
Abdominal seizure
Autonomic Anisocoric seizure*
seizures*®

Bradycardic seizure

Emetic seizure

Fecal incontinence seizure
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Table 4. Semiology classification of high complexity. (Continued)

Autonomic seizure*

Hippus seizure

Hyperhydrotic seizure*

Hypertensive seizure

Lacrimatory seizure

Pilomotor seizure*

Sexual seizure

Sialorrheic seizure

Tachycardic seizure

Urinary seizure

Vasomotore seizure*

Amnestic seizure

Dyscognitive seizures Aphasic seizure
Akinetic seizure
Dialeptic seizure
Clonic seizure*
Epileptic spasm*
Myodonic seizure*
Nystagmoid seizure*
Simple motor seizure* Tonic seizure*
Tonic-clonic seizure*
Versive seizure®
Motor seizures* Vocalization seizure
Alien limb seizure
Automotor seizure
Dacrystic seizure
Gelastic seizure
Complex motor seizure Hypermotor seizure  Emotional hypermotor seizure
Kissing seizure
Singing seizure
Spitting seizure
Verbalization seizure
Table 4. Semiology classification of high complexity. (Continued)
Astatic seizure
Atonic seizure®
Central apneic seizure
Fear facies seizure
Special seizures Hypnopompic seizure
Hypomotor seizure
Negative myoclonic seizure*
Water drinking seizure
Asymptomatic EEG seizure

The asterisk (*) indicates that a somatotopic modifier may be used to specify the category with more precision (see Table 6).
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Somatotopic modifiers

Table 6. Somatotopic modifiers.

Bilateral

Bilateral asymmetric

Left

Right

Axial

Throat

Head

Face

Eyes

Eyelid

Lips

Tongue

Hand

Arm

Trunk

Abdomen

Leg

Foot
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2.Tutorial HiBoP/BrainTVReplay

Procédure de visualisation de I'effet clinique des stimulations
électro-corticales a partir des programmes HiBoP et BrainTV eplay-

[ Tuto réalisé sous MacOS 10.13.3 avec HiBoP v2.2.3 ; BTVR v3.3.2a et HiBoP2Replay ]

Benjamin Bontemps, Adrien Gannerie, Florian Sipp & Jean-Philippe Lachaux. 27/03/2020

0. PRINCIPE GENERAL

Cette procédure permet de rechercher facilement, sur un groupe de patients, tous les plots
ayant entrainé un certain type d’effet au moment de la stimulation (ex : Hallucination
visuelle) et de visualiser globalement la position de ces plots sur une reconstruction 3D du
cerveau MNI, ainsi que, pour chaque plot, sur une image 3D du cerveau du patient
correspondant (programme HiBoP).

Un export facile permet ensuite de sortir une liste de plots et de visualiser dans
BRAINTVreplay I'effet de la stimulation (EEG + vidéo).

00:08/00:16
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1. PREREQUIS

Une base de données anatomiques pour tous les patients qu’on souhaite étudier, organisée
selon la logique de BrainVisa (telle qu’elle est implémentée a Lyon et Grenoble, c’est-a-dire
avec deux répertoires « implantation » et « timri » pour chaque patient)

Dans cet exemple, la base de données s’appelle « Database ».

| | Database

StimGrenoble

BTVReplay

HiBoP2Replay

.| export_visual.csv

] toto.csv

- VISUAL_VENISE.csv
TEST_VENISE_25FEV.txt
TEST_VENISE.txt

Test.txt
TUTO_STIMS_H...P_BTV_v0.docx
ConvertAVitoMP4.sh
BTVReplay V3.2.0_osx64.zip

LIRAD 7 2 23 maracia vin

B8y B

=)
1

>
{7 HiBoP 2.2.3 macos64 48
>

;l Gre_2013_8BONn
| Gre_2013_DESs
Gre_2015_BESk
Gre_2016_FARc
Gre_2017_LOIn
Gre_2017_MES)
.| GRE_2009_KSOy_tags.csv
-] Gre_2013_BONn_tags.csv
.| GRE_2013_DESs_tags.csv
| GRE_2015_BESkK_tags.csv
GRE_2016_CALI_tags.csv
Gre_2016_FARc_tags.csv
| Gre_2017_LOIn_tags.csv
-] Gre_2017_MES|_tags.csv

o timri

>
>
3
>
3
[3

>

B implantation [§ @) Gre_2013_80Nn.csv

Gre_2013_BONN_MNI.pts
Gre_2013_8ONn.pts

Un fichier par patient au format .csv (facile a exporter depuis Excel) contenant I'effet des
stimulations et leurs caractéristiques :

AirDrop

Database >
[ HiBoP 2.2.3 macos64 >
[ StimGrenoble >

A BTVReplay_old

» HiBoP2Replay

A HiBoP2Replay_Venise (A}
4. export_visual.csv

4. toto.csv

L VISUAL_VENISE.csv

Gre_2013_BONn
| Gre_2013_DESs
|| Gre_2015_BESk

| Gre_2016_FARc

Gre_2017_LOIn
.| Gre_2017_MESj

vV vVvVvyVvVvVwye

‘B GRE_2009_KSOy_tags.csv

[ Gre_2013_BONn_tags.csv
0. GRE_2013_DESs_tags.csv

3 0 <o € G H ]| 3 I ] o
[T [contact Fréuence intsnsits EEG (Comu JAurms e Vitor Special 1 Wani 2 Want 3 Précision ciniaue
[ S 17 ONen  Somatosensan’ Am Lot Smple - Clonic
[3v3 50 1 00ui Autonomic - Abdominal Aura ¢ \dante puis.
[Caju2 50 1 0Non Auditory* Bilateral asymetic ILLUSION
[ lue 1 ONn Ay Lot ILLUSION (sensaton doreile bouchés ¢
el 0 1 Sloal 0w Unclasaiied-Beicepiie
e S0 lloca Ou Autogoni - Abdominal Aura
o lRe S0 1Regonal Ou Autonemic - Abdominal Aura
(o2 03 oou Autonomc - Abdominal Aura Autonomic SEA suvs dune discrét ubéfaction
sz S0 2local Ou Autonamc - Abdominal Aura Autonomic  Samatosensaty SEA suiie dune disrete ubélaction o
[lc S0 2Regonal O Unclssild-Aspecil Sensation détourdissement
[ lve 0 Jlocal Ou Autogom - Abdominal Aura Autesamic SEA sulis dune discréts ubéfacion
[le2 5 llocal Pascensin Auonome - Abdominal Aua Vesthulsr SEA puis sensation vergineuse
v 5 2Dffus  Pas conain Autonome - Abdominal Aua Vesthular SEA puis sensation vertgineuse

Chaque ligne de ce fichier concerne un plot différent pour un méme patient. La premiére
colonne doit obligatoirement s’intituler « contact » sans majuscules et doit contenir le nom
du plot dont il est question sur le reste de la ligne. Les autres colonnes peuvent étre
nommées comme vous le souhaitez : elles doivent contenir les informations sur la nature et

|’effet des stimulations.
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Un répertoire contenant tous les fichiers .TRC et les vidéos .AVI correspondant aux séances
de stimulations, nommés de la maniere suivante :

[ patabase » [ GRE_2009_KSOy SER7_50_1.TRC
[0 HiBoP 2.2.3 macos64 M GRE_2009_KSOy_SEU2_50_1.TRC

B stimGrenoble M GRE_2009_KSOy_SEUB_S0_1.TRC

& BTVReplay

# HiBoP2Replay

@5 export_visual.csv

@Y toto.csv

@5 VISUAL VENISE.csv
TEST_VENISE_25FEV.txt
TEST_VENISE.txt
Test.txt

@5 TUTO_STIMS_H..P_BTV_v0.docx

ConvertAVitoMP4.sh

BTVReplay_v3.2.0_osx64.zip

HiBoP 2.2.3a macos64.zip

HiBoP2Replay.zip

M GRE_2013_BONn_SEC'2_50_1.TRC
M GRE_2013_BONn_SEC'4_50_3.TRC
M GRE_2013_BONn_SED'2_50_1.TRC
M GRE_2013_BONn_SEE'7_50_2.TRC
M GRE_2013_BONn_SEEr'5_50_2.TRC
M GRE_2013_BONn_SET'2_50_2.TRC
M GRE_2013_BONn_SET'5_50_1.TRC
M GRE_2013_DESs_SEM'2_50_1.TRC
M GRE_2013_DESs_SET'2_50_2.TRC
M GRE_2015_BESK_SERB_50_2.TRC
M GRE_2015_BESK_SEU2_50_1.TRC
M GRE_2015_BESK_SEU4_50_1_bis.TRC
M GRE_2015_BESK_SEU4_50_1_ter.TRC
M GRE_2015_BESK_SEU4_50_1.TRC
M GRE_2015_CALI_SET2_50_3.TRC
M GRE_2015_CALI_SEX'2_50_2.TRC
M GRE_2015_CALI_SEX4_50_2.TRC
M GRE_2015_CALI_SEY2_50_2.TRC
M GRE_2015_CALI_SEY15_50_3.TRC
M GRE_2016_CALI_SEE3_50_1.TRC
M GRE_2016_CALI_SEL2_50_3.TRC
M GRE_2016_FARC_SEL12_50_2.TRC
M GRE_2016_FARC_SEM2_1_3.TRC
M GRE_2016_FARC_SEM5_50_1.TRC
M GRE_2017_LOIn_SEX7_50_2.TRC
M GRE_2017_MES]_SEF7_1_3.TRC

& GRE_2009_KSOy_SER7_50_1.AVI
GRE_2009_KSOy_SEU2_50_1.AVI
GRE_2009_KSOy_SEUB_50_1.AVI
GRE_2013_BONN_SEC'2_50_1.AVI
GRE_2013_BONN_SEC'4_50_3.AVI

o000

2. LANCEMENT DE HiBoP

La procédure a suivre est ensuite la suivante :

Lancez HiBoP (clic sur I'icéne)

e m ———

v [ HiBoP 2.2.3 macos64

[ HiBoP_user_manual.pdf
w README.md

R A A e e B A e

Créez un nouveau projet

21 février 2020 a 18:18
20 février 2020 a 17:32
21 ao(t 2019 a 10:00

cemlme AANA X aB.aa
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File Edit
New Project... Ctrl+N
Open Project... Ctrl+O

Ctrl+Q

Donnez un nom au houveau projet et sauver (la case ‘Name’ est a remplir, ici par
‘TUTO_VENISFE’, ainsi que la case ‘Location’ spécifiant le dossier ol le projet va étre
sauvegardé) — cliquez sur OK.

New project
General
Name TUTO_STIM
Location IUsers/jplachaux/Documents/SOFT_HBP/TESTSOFT_MAC
Database
Patients IUsers/jplachaux/Documents/SOFT_HBP/TESTSOFT_MAC/ANAT

Localizers /Users/jplachaux/Documents/SOFT_HBP/TESTSOFT_MAC/DATA

Allez ensuite dans I'onglet ‘Patient’ dans le menu principal, et choisissez ‘Patients’ dans ce
menu ...

Edit Patient Experience

Puis cette fenétre va s’ouvrir ...
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Patients

-
4

Cliquez sur ‘+ pour ajouter des patients a ce projet

En choisissant ensuite « From database » dans la fenétre qui s’ouvre (parce que les données
anatomiques des patients sont organisées dans une base de données, ce qui facilite leur
importation) — cliquez sur OK pour préciser le nom du répertoire ou se situe la database.

Patients
Select creation type

From database

Sélectionnez ensuite le répertoire contenant la base de données
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Select a directory

III' mEv Database = th Q
Today Previous 30 Days
> Gre_2013_BONn >
MAC * Pprevious 30 Days M Gre_2013_DESs >
L Gre_2015_BESk >
Gre_2016_FARc >
Gre_2017_LOIn >
Gre_2017_MES;j >
I Database » - i
} macos64 " HiBoP 2.2.3 macos64 > février
StimGrenoble >
4.0.2a >
février
SSU  Open |

Le répertoire qui doit étre sélectionné est celui précisé en début de document (prérequis) —
cliquez sur ‘Open’, ce qui ouvre la fenétre suivante :

Patient selector

4
2
2
2
2
2
2

Cliquez ensuite sur le nom de chaque patient a sélectionner (il va alors s’afficher en bleu, il
suffit de cliquer a nouveau sur son nom pour le désélectionner). Ici, nous sélectionnons tous
les patients
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Patient selector

-
2

2013

s
2
2
2
2
2
2

Et cliquez sur OK en bas de cette fenétre, les patients sont maintenant dans la base.

Patients

-
-

N NNNNNYO

0 items selected

Cancel
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La prochaine étape est d’ajouter I'information sur les effets des stimulations aux patients. La
procédure suivante décrit I’opération pour un patient (a répéter donc pour chaque patient).

Patients

BONn
DESs
BESk
FARc
LOIn

MR N N N

MES]

Double-cliquez sur le patient auquel vous souhaitez ajouter les informations sur les
stimulations. Ceci ouvre une fenétre permettant de modifier le patient en question
(uniquement du point de vue de HiBoP, puisque ce patient a été importé dans HiBoP).

Patient
General
Name
Place

Date

a

Grey matter

White matter

Cliquez sur I'onglet « Sites » (trois points rouges) pour accéder a la liste des plots du patient.

Patient
General
Name
Place

Date

s
2
Z
2
2
2
2
2
2

Ensuite, cliquez sur le ‘+” sur la gauche de cette fenétre, sélectionnez « From file » puis
appuyez sur ‘OK’.
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Patients
Patient
Select creation type

From file

Ceci ouvrira une fenétre permettant de sélectionner le fichier .csv a importer. Sélectionnez
le fichier concernant ce patient (pour rappel, il faut un fichier .csv par patient), puis validez.

Select a file

E e Database <

Previous 30 Days
Gre_2013_BONn
Gre_2013_DESs
Gre_2015_BESk
' Gre_2016_FARc
Gre_2017_LOIn
Gre_2017_MESi

(=4
0
Jel

vYvVvVvy

esv
février

il . GRE_2009_KSOy._tags.csv
AFiles Gre_2013_BONN_tags.csv
GRE_2013_DESs_tags.csv
.| GRE_2015_BESk_tags.csv d
GRE_2016_CALi tags.csv Created jeudi 6 février 2020  16:31
Gre_2016_FARC_tags.csv 0 od jeudi 6 février 2020 a 16:31

de Jean...

Prn DATT 1 AR tame e

Les effets des stimulations sont importés dans HiBoP sous la forme de ‘Tags’ que I'on va
pouvoir utiliser par la suite. Cliquez ensuite sur ‘OK’ pour sauvegarder les modifications
apportées au patient ...

0 items selected
o | e

... et recommencez |'opération pour les autres patients.
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Patients

a
4

s
2
2
2
2
2
2

Cliquez sur OK pour sortir de ce menu (note : sur cet écran, les patients ne sont pas en bleu,

carils sont déja été sélectionnés dans la fenétre précédente).

Pour visualiser les données anatomiques, cliquez sur I'onglet ‘Visualization’ dans le menu
supérieur.

Edit Patient Experience  Visualization

Cela ouvre la fenétre suivante, dans laquelle il faut cliquer sur I'icéne ‘+’ pour ajouter une
nouvelle visualisation

Visualizations

-
v

Cette fois, ce sera ‘from scratch’ (a sélectionner avant de cliquer sur OK) :
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Visualizations

Select creation type

From scratch

La fenétre suivante va s’ouvrir qui va permettre d’ajouter des patients a cette visualisation
(et non au projet, c’est déja fait). Cliquez sur ‘+’ dans cette fenétre :

Visualization
General
Name Unknown

Patients

Columns

Une fenétre s’ouvre ensuite pour sélectionner les patients dont vous avez besoin, sur le
méme principe que précédemment (affichage en bleu des patients sélectionnés, puis ‘OK’).
Dans cet exemple, on sélectionne tous les patients.
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Patient selector

6 items selected

Et les patients sont ajoutés a la visualisation :

4
2
2
2
2
p)
2
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Visualization

General

Name Unknown

Patients

>

s
2
2
2
2
2
p)

Columns

|

Nommez ensuite la visualisation en remplissant la case «Name » :

Visualization

General

Name Unknown

Patients

Puis ajoutez une colonne a cette visualisation, qui n’en contient encore aucune, en précisant
gu’elle contient des données anatomiques. En bas de la fenétre, cliquez sur ‘+’ sous
‘Columns’ ...
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Columns

o

Puis choisissez le type ‘Anatomic’

Columns

. Column n°1

Column n°1
Anatomic

Anatomic
CCEP
iEEG

Puis cliquez sur OK pour fermer cette fenétre de création d’une visualisation. Pour I'afficher,
il suffit de la sélectionner dans la fenétre ‘Visualisations’ qui doit étre a I’écran, et de cliquer
sur ‘Display’, en bas de I’écran.

Visualizations

STIM_EXAMPLE

1 toms setected | oispay | ok |

Vous voyez apparaitre le cerveau du MNI.
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Tout a droite, en jouant avec la souris, vous pouvez élargir le bandeau ‘Sites’ et voir la liste
de tous les sites enregistrés chez tous les patients.

L 4
N
&o
&
o
& o
&
 Po
&o
L N
&
T
&
& o
& o
P o
&
&0
&0
" o
&0
&
&
& o
&
w @0
& o
n o
o
&
&
o
&
oo
o

Vous allez ensuite visualiser la position des plots sur le cerveau MNI, et pour cela,
commencez par cliquer sur les trois petits ronds rouges formant une diagonale a gauche de
I’écran
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Cela a pour effet de faire apparaitre le menu suivant en haut de I’écran :

Edit Patient Experience  Visualization

X Bl=EX -

En cliquant sur le gros rond rouge a gauche, vous rendez visibles tous les plots enregistrés

Experience  Visualization

%

Dans la liste a droite, vous disposez de toutes les informations pour chaque plot :

STTRISTIIRLLN:

&0
&0
&0
&0
¥
#o
#o
&0

Comme le montre I'image ci-dessus, il suffit maintenant de passer la souris sur le nom d’un
plot dans la colonne pour voir s’afficher toute une série d’informations, y compris le type de
stimulation électrique réalisé et I'effet clinique.
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Pour voir précisément la position d’un des plots de la liste, il faut cliquer sur le nom de ce
plot dans la liste (il apparait alors en bleu). Vous avez ensuite deux options :

La premiere est d’afficher une coupe du cerveau MNI montrant la position de ce plot parmi

tous les autres. Pour cela, cliquez simplement sur I'icone montrant un cerveau blanc avec un
point rouge (dans le menu ou vous avez déja cliqué pour charger le fichier .csv)

28

L’effet est immédiat : le cerveau est maintenant coupé pour faire apparaitre le plot (cercle
blanc)

(Note : les traits noirs, assez pratiques, s’affichent en sélectionnant I’option E — ‘edges’) dans
le menu suivant :
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Vous pouvez aussi visualiser la position précise du plot en question sur I’anatomie
individuelle du patient, grace a I'icone montrant une petite fleche allant d’un point rouge a
un cerveau blanc :

kperience Visualization

Y %

Une nouvelle ligne s’affiche en bas de la visualisation avec cette fois le cerveau de ce patient
et le plot indiqué par un rond blanc (si ce n’est pas le cas, cliquez sur 'icone ‘rond rouge sur
cerveau blanc’ pour ajuster les coupes a la position du plot).

- IEEG valuss onthe
1 outcated. Comput

Sur cette fenétre, on voit la possibilité d’élargir le bandeau latéral droit ‘Cuts’ pour ajuster
les coupes anatomiques et visualiser le site en question sur I'IRM du patient.

Les icones en bas a gauche permettent de masquer ou afficher (icone ‘ceil’) ou de fermer
I’une de ces lignes de visualisation.

ANAT @D X @ X

Pour afficher tous les plots dont la stimulation entraine un certain effet clinique, utilisez le
menu ‘Filter sites’ sous la liste des plots (dans la visu générale, MNI).
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E'6

=74
E'8
E9

Filter sites

Apply action on filtered sites

Le menu suivant s’ouvre :

Filter sites
Basic Advanced
States
Highlighted Not Highlighted
Blacklisted Not Blacklisted
Label
Location

In selected ROI Out of selected ROI

Graphs and Trial Matrices

Inside the brain Outside of the brain
Inside left hemisphere Inside right hemisphere
On a cut plane Not on a cut plane
Information
Name
Patient

Tag

Min
Max
Standard Deviation
Filter
Apply

Reset

Apply action on filtered sites

Il va permettre de sélectionner des plots selon toute une série de critéres. Dans le cas
présent, nous nous intéressons aux plots associés a un certain type d’effet clinique. Ces
spécifiés comme des Tags (des étiquettes) associées aux plots. C'est donc sur la base du Tag
que nous allons sélectionner les plots.



Information
Name

Patient

Tag MarsAtlas  Value

MarsAtlas
Mean Hemisphere (MarsAtlas)
Lobe (MarsAtlas)
Name_FS (MarsAtlas)
Full name (MarsAtlas)

Median

Brodmann Area

En cliquant sur ‘Tag’, vous voyez apparaitre une liste déroulante qui permet de choisir le
type de critere que vous allez utiliser. Par exemple : ‘Aura’

Information
Name
Patient
MarsAtlas
Connu
Auras

Autonomic

’

Et nous précisons ensuite comme ‘Value’ : Visual
Information
Name
Patient
Tag Auras Visual

Values

Min
Max
Standard Deviation

Filter

Apply

Reset

Et le bouton ‘Apply’ en bas de I’écran nous permet d’appliquer ce filtre.

Cay est, la liste de plots ne fait plus apparaitre que ceux associés a une ‘Aura’ de type
‘Visual’



€0
&0
6o
o
6o
6o
L4

6o
6o
6o
oo
6o
6o
L4

6o
#o
6o
6o
6o
'
'
L4

6o

EEG vaes onthe
i outdatee. Comput

Sur le cerveau du MNI, seuls ces plots sont maintenant visibles. En un clin d’ceil, vous pouvez
voir ou se situaient globalement les plots avec ce type d’auras.

3. EXPORTATION DE LA LISTE DES PLOTS D’INTERET

La derniére étape consiste a exporter la liste de ces plots, de fagon a pouvoir les analyser
séparément dans d’autres programmes, et en particulier BrainTV eplay.

Pour cela, remarquez tout en bas de la liste des plots I'onglet ‘Apply action on filtered sites’.
Il faut cliquer dessus ....

Filter
Apply
Reset

Apply action on filtered sites

Pour faire apparaitre le menu suivant, ol vous allez cliquer sur ‘Export to csv’ :

Filter sites

Apply action on filtered sites

Change state Export to csv

Apply

Puis sur le bouton ‘Apply’, pour sauver ces plots dans un nouveau fichier .csv dont vous
décidez le nom :
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Save sites to

Save As: | export visual.csy o

Tags:

< sBfo =\ B P Venise G Q
Povoritos Provious 30 Days

33 Dropbox

3 Macintosh HD

[0 Desktop

A\ Applcations 5

3 Creative Cloud Files ~

Database
StimGrenoble

iCloud )

- tover
1 MacBook Prode Jean..
Saveastype: | Fies("csv) |

|
New Folder concel | (N

Ce fichier a la structure suivante :

export_visual.csv  Ouvrir avec Microsoft Excel th

Site Patient Place Date X Y 2 CoordSystem Labels DataType DataFiles
C2 BONn Gre 2013 30.55 -28.30 -8.29 MNI
C4 BONn Gre 2013 38.51 -28.74 -8.24 MNI
D'2 BONn Gre 2013 37.50 -52.05 2.37 MNI
ET'S BONn Gre 2013 38.20 -4.72 -24.36 MNI
F2 BONn Gre 2013 27.28 -35.76 -8.81 MNI
F4 BONn Gre 2013 35.21 -40.30 -9.48 MNI
ES FARC Gre 2016 -41.35 -29.64 -21.77 MNI
F2 FARC Gre 2016 -20.60 -49.38 -10.52 MNI
F5 FARC Gre 2016 -31.39 -47.43 -10.03 MNI
G4  FARC Gre 2016 -23.50 -61.68 -4.75 MNI
L3 FARC Gre 2016 -11.85 -45.21 7.09 MNI
L12 FARc Gre 2016 -26.44 -52.31 41.10 MNI

Voila, vous en avez terminé avec HiBoP a ce stade et vous pouvez quitter le programme si
vous le souhaitez.

4. VISUALISATION DES VIDEOS AVEC BRAINTVreplay

Le fichier csv que vous venez de créer doit maintenant étre converti en un fichier texte que
peut lire le programme BrainTVreplay et qui doit lui spécifier le nom des fichiers TRC et AVI
pour chaque patient, plot et stimulation.

Pour cela, vous devez lancer un petit programme passerelle entre HiBoP et BrainTVreplay, le
programme HiBoP2Replay

4 BTVReplay

P\ HiBoPZReplay

B export_visual.csv

Le programme vous demande de spécifier les champs suivants, faciles a comprendre :
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| HiBOPZHEDIaV.2I0 PRUV @

[ NN ) HiBoP2Replay 2013,
HiBoP Csv File:  /Users/jplachaux/Documents/SOFT_HBP/JP_Venise/export_visual.csv Browse 2013,
Anatomical Base : /Users/jplachaux/Documents/SOFT_HBP/JP_Venise/Database Browse 2013 ¢
2013_¢
Eeg and Video Folder : /Usersfjplachaux/Doct OFT_HBP/JP_Venise/StimGrenoble Browse 013
fe_20
Output BrainTV File : | TEST_VENISE_25FEV.txt Browse
2013
2013

12013,

U TTUM AT . Nicarc/intachauv Macimante /SAFT HRD/1D \anica/Natahaca/Gra 2013

En haut, vous devez donner le nom du fichier .csv que vous avez exporté avec HiBoP a
I'instant

Juste en dessous, le nom du répertoire ou vous avez toutes les données anatomiques (voir
PREREQUIS)

En dessous encore, le nom du répertoire ou se situent vos fichiers TRC et AVI pour les
séances de stimulation (voir PREREQUIS)

Enfin, un nom de fichier texte .txt qui sera celui que vous ouvrirez avec BrainTVreplay. C’'est
le fichier que va créer ce programme.

Cliguez sur OK pour créer le fichier. C'est terminé, vous n’avez plus besoin de ce programme.

5. ANALYSE DES DONNEES DANS BRAINTVreplay.

Lancez le programme BrainTVreplay

» | Database >
» [ HiBoP 2.2.3 macos64 2
» [ StimGrenoble 2

- LT

& HiBoPZReplay
B export_visual.csv

@) toto.csv
ML i ie e

Choisissez la résolution que vous souhaitez (aucune importance a ce stade) :

62



s1viepiy vomguraton

256051240
Wincowed

Grorics devee use | AMD Radsan o 560 B

e opionay e dowr

La fleche orange, en bas a gauche dans la fenétre qui s’affiche alors, va vous permettre de
sélectionner le fichier .txt que vous venez de créer

18:05/36:15

Dans la fenétre qui s’ouvre ensuite, cliquez sur ‘Load Base’.

Cay est, vous avez chargé tous les fichiers

Add new Patient

Patient DataBaso
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En cliquant sur I'un des signes ‘>’ grisé a gauche, vous pouvez voir les informations
concernant le patient en question, et notamment, le nom des fichiers TRC et AVI qui seront
visualisés.

Add new Patient

Patient DataBase

Patient Referential

SEEG Data

Pour lancer la visualisation d’un de ces patients, cliquez sur I'icbne présentant un fichier,
pour ce patient et tout a droite.

La fenétre suivante s’ouvre :

BRAIN TV

Inserm,Lyon

V'2 e
18:05/36:15

Et la visualisation ne se lance vraiment que lorsque vous cliquez sur le bouton ‘play’, en bas a
droite
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00:05/00:16

Sur I’écran, vous voyez deux courbes correspondant a deux plots (ici v'1 et v'2 avec les
sighaux associés), la vidéo synchronisée (avec un curseur temporel horizontal que vous
pouvez manipuler en bas), et une visu en 3D du cerveau Mni avec les plots et leur amplitude
codée par le diametre de petites spheres blanches.

Pour changer de plot dans I'une des fenétres, cliquez simplement sur I'icone d’une des deux
courbes en haut a gauche jusqu’’a ce que le cadre montrant la courbe vire a I'orange.

Vous pouvez alors simplement changer de plot en cliquant sur I'une des bulles du cerveau
3D, ou en jouant avec la molette de la souris lorsque celle-ci est placée dans le cadre orange.
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Vous pouvez également déplacer les fenétres de courbes, les élargir, faire tourner ou
déplacer le cerveau, changer le gain des courbes et méme les transformer en sons. Nous
vous laissons explorer ces modes d’interaction avec |I’environnement.

QRKIPER]

Pour visualiser les données d’un autre patient, cliquez sur I'icone de chargement de
fichier en bas a gauche :

Et renouvelez I'opération qui vous a permis de charger le patient actuel, en sélectionnant
cette fois une autre enregistrement.

Voila, bonne utilisation ! Et sachez qu’aucune de vos manipulations ne peut avoir d’effet
dommageable sur les données, sauf bien sdr si vous changez les noms de fichiers dans la
fenétre affichant ceux-ci et si vous cliquez sur : ‘Save Base’. Cette action modifiera le fichier
texte que lit BrainTVreplay, mais ni les TRC ni les AVI.
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Serment d’Hippocrate

HIFFCCAATIN WIRACLIDME F. COWE. = -
1= t e Expiae

En présence des Maitres de cette Faculté, de mes chers condisciples et devant [’effigie
d'HIPPOCRATE,

Je promets et je jure d’étre fidéle aux lois de [’honneur et de la probité dans [’exercice de
la Médecine.

Je donnerai mes soins gratuitement a l'indigent et n'exigerai jamais un salaire au dessus
de mon travail. Je ne participerai a aucun partage clandestin d’honoraires.

Admis dans [’intimité des maisons, mes yeux n'y verront pas ce qui s’y passe ; ma langue
taira les secrets qui me seront confiés et mon état ne servira pas a corrompre les maurs,
ni a favoriser le crime.

Je ne permettrai pas que des considérations de religion, de narion, de race, de parti ou de
classe sociale viennent s’interposer entre mon devoir et mon patient.

Je garderai le respect absolu de la vie humaine.

Méme sous la menace, je n’admetirai pas de faire usage de mes connaissances médicales
contre les lois de [ "humanité.

Respectueux et reconnaissant envers mes Maitres, je rendrai a leurs enfants l'instruction
que j'ai recue de leurs péres.

Que les hommes m’ accordent leur estime si je suis fidéle a mes promesses.

Que je sois couvert d opprobre et méprisé de mes confréres si j'y manque.

67





