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Study of consciousness behaviors during low frequency deep brain stimulation of patients suffering of
chronic and severe consciousness disorders following coma / DBS-Post-coma
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Design initial sur 10 inclusions => 5 inclusions

 Efficacité évaluée au fil de I'eau, dés la sortie d’étude du patient.
e Arrét a 5 patients, pourquoi?

démontré
e Recherche en stimulation cérébrale

e ciblerles indications
* ouvrir aux patients non institutionnalisés

* Pourdes en unités spécialisées (SSR, MCO...):

» fonctionnels: clinique, EEG, et
pour des protocoles d’études de soins et recherche
* Création d’un réseau-unités spécialisé(es): Réseau Trouble Sévere de la Conscience (ResTSC)
avec
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Trois phases (11-month clinical observational study):
baseline, cross over & DBS-ON

surgery
& titration
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N=419 (s patients) ranging from 1 to 18

Statistical analyses: random-effect models accc
patient variability due to repeated measurement
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Coma Recovery Scale-Revised assessments, twice a week:
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Cing patients inclus de Février 2012 a Fevrier 2015

* Inclusion: * no exclusion criteria:
e age > 18 years, e cerebral death,
e stable VS or MCS, * locked-in syndrome,
* >six months after cerebrovascular * blindness or deafness
accident,
e > one year after traumatic brain
injury



Screened prior to eligibility, n = 36

[MCS or VS, =6 months after cerebrovascular accident, > 1 year after traumatic brain injury]

Excluded, n =13:
died = 3;

anoxic (not meeting inclusion criteria) = 9;

decoagulation =1

Assessed for eligibility, n =23

Excluded, n = 18:

Emergence = 2; declined = 4; other = 12

(not institutionalized =10, non EU citizen=1, imaging non feasible=1)

Selected, n =5
(P1, P2, P3, P4, P5)




clinical time elapsed
: : : S age S : :
consciousness neurologic status since the initial () handedness surgery comorbidities diagnosis
injur

hypertonic quadriplegia predominant . traumatic head injury; left intracerebral
on right; flexion or extension of the MERy 2802, Wl ECCETE El T hematoma; intraventricular and subarachnoid
P1 CVS ! 12 years and 2 months male 32 right handed VAS by left VPS (SC valve); July right VAS, tracheostomy and gastrostomy post injury ! Dec 1999

supenc':r Ilmbs, 'and extens!on of the 2012, DBS surgery hemorrhage; multiple cerebral contusions;
inferior limbs; chewing hydrocephalus

rupture of right sylvian aneurysm; endovascular
occlusion; intracerebral hematoma,
intraventricular and subarachnoid hemorrhage; July 2011
right sylvian artery vasospasm; right
decompressive craniectomy; hydrocephalus

right VAS, gastrostomy, tracheostomy, right
cranioplasty, and left neurogenic paraosteopathy
(inferior limbs) post hemorrhage; essential
hypertension; migraine; hepatitis c ; cataract right eye

hypertonic triplegia, left hemibody
M CS and right inferior limb; flexion of the
inferior limbs, and extension of the

left superior limb; chewing

November 2012, replacement
1 year and 2 months female 62 right handed of RVA by left VPS (SC valve);
Dec 2012, DBS surgery

bilateral decompressive craniotomy followed by

hypertonic triplegia, left hemibody Nove_mber 20_12’ Rl El cranioplasty, right VPS, bilateral pulmonary embolism, . . . .
e ¢ . right cranioplasty and - traumatic head injury; brain edema; right and
and right inferior limb; flexion of the P tracheostomy and gastrostomy post injury; . I
M PRV N 3years and 1 month male 24 left handed repositioning of the valve of the . ¢ N . left subdural hemorrhage; cervical spine injury Nov 2009
inferior limbs and the left superior . N multidrug-resistant bacteria; depression and
. VPS in the SC region; March . M . L and C2 fracture; hydrocephalus; pneumothorax
limb schizophrenia without medication; neurogenic pain of

2L, DES R the right inferior limb; pollen allergy

traumatic head injury; polytrauma; bradycardia
and asystole with 15 min of cardiopulmonary
resuscitation; subarachnoid hemorrhage; Nov 2010
multiple cerebral contusions; bilateral
pneumothorax; right pulmonary embolism

quadriplegia; flaccid paralysis of tracheostomy, gastrostomy, lobar pneumonias
M CS axial muscles and inferior limbs ; (multidrug-resistant bacteria) and suspected partial
slight hypertonia of the superior epileptic seizure post injury; unstable diabetes
limbs; chewing mellitus type 1; asthmatic bronchitis

4 years female 22 right handed Jan 2015, DBS surgery

right VPS, tracheostomy and gastrostomy post injury; rupture of right internal carotid artery

chronic consumption of alcohol and tobacco; chronic termination aneurysm; endovascular occlusion;

depression; eczema and keratitis in 2014-2015; pollen right frontal hematoma, intraventricular and
allergy subarachnoid hemorrhage; hydrocephalus

Dec 2012

M CS lypperere G predlemie 2 years and 3 months female 47 right handed May 2015, DBS surgery

on left; trismus; chewing; grunt

w.l .
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Rationnel de |'étude

Objectif:

* Déclencher une récupération comportementale chez des
patients en situation de séquelles avec troubles de la
conscience séveres (UWS-EVC et MCC-ECM-EPR)

Hypothese:

* la stimulation cérébrale profonde a basse fréquence
pourrait lever I'"hypoactivité cérébrale globale

Etudes préalables ont montré et/ou suggéré des effets (pas d’études
de séries, avec un long délai aprés accident, et avec un long suivi):

* heterogeneity of patients and methodologies,

* due to the evolution of DOC classification, scales of
assessment, DBS technics (electrodes, neuropacemaker)
and brain imaging (structural and functional),

* as well as the undeciphered pathophysiology, all within the
burden of care pathways, ethical and societal
considerations
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* Double cible et bilatérale:
* dual pallido-thalamic
* low frequency stimulation;
* bi-hemispheric

 Criteres d’évaluation
* Principal :
* Coma Recovery Scale - Revised:
* CRS-R moyen
e Cross-over => effets aigus
* At night: Open-eye condition
e Secondaire:
 FDG-PET Metabolism
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The mesocircuit model

“downregulation of the anterior forebrain mesocircuit
as a result of widespread disconnection or neuronal death.”

Central
thalamus

— Weak excitation
—— Excess inhibition
- Loss of inhibition

Pedunculopontine \2@&
nucleus
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Cibles théoriques
pour |'étude

* Thalamus central-antérieur

e Pallidum médial
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Cibles réelles pour
"etude

* Thalamus central-antérieur

e Pallidum médial
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Implantation des électrodes

des neuropacemakers

Pallidum Thalamus
Right Left Right Left
Stimulation settings Stimulation settings Stimulation settings Stimulation settings
Patient Volume Contacts Volume Contacts Volume Contacts Volume Contacts
3 Voltage 3 Voltage 3 Voltage 3 Voltage
(em®) 001203 (cm®) 180197100711 (cm®) 000102013 (cm®) 181911100711
(Volt) (Volt) (Volt) (Volt)
1401506017 [1120113(1140115 140506017 112(7113(1140115
Activa SC+ 6 ActivaPC+ Activa PC+ 6
1 o7  (thora) no pallidum 1.82 (@bdomen) 1.84 (abdomen)
Bol- 23 Bol 23 8 Jo-Jro- 011
140516017 112(113(1140115
Activa PC+ 6 Activa PC+ 6 ActivaPC+ 6 Activa PC+ 6
(thorax) (thorax) (abdomen) (abdomen)
2 0-80 1.26 2:88 4-39
ol 3 Bslo- 10011 Hol:- 23 8 [jo-l0- 111
1415006017 [112(713[114715 415016017 [112(713[114715
ActivaPC+ Activa PC+ ActivaPC+ Activa PC+
(thorax) (thorax) (abdomen) (abdomen)
3 0-67 6 1.15 6 0-31 6 3-00 6
Hol- 23 Bs o011 Jo- 123 809 Jjro-Jr1-
[14[1s0el17 [112(713[114715 1415016017 [1120713[714(715
Activa PC+ Activa PC+ Activa PC+ Activa PC+
(thorax) (thorax) (abdomen) (abdomen)
4 0-36 6 0-22 6 3-89 6 2:08 6
ao-ff1- 203 ls-9ctool Ho-l-203 8- octool
40500617 1200130014015 1415006017 0120130140015
Activa PC+ Activa PC+ ActivaPC+ Activa PC+
(thorax) (thorax) (abdomen) (abdomen)
5 0-54 4 0-96 4 2:01 4 3.07 4
o123 Bz lo- 10011 Bol23 Bl 10011
4rsel17 [1120713[7140715 405006017 [112(713[7140715
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Complications chirurgicales (£ 1 mois)

m Dindo, Dermartines, Clavien 2004

¢ P4 . I Any deviation from the normal postoperative course without the need for pharmacological treatment or
surgical, endoscopic, and radiological interventions
®* INS ufﬁ SaNncCi Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics, electrolytes, and

physiotherapy. This grade also includes wound infections opened at the bedside

jours) Grad

Il Requiring pharmacological treatment with drugs other than such allowed for grade | complications
Blood transfusions and total parenteral nutrition are also included

., I Requiring surgical, endoscopic or radiological intervention
*d nteced S n1 Illa Intervention not under general anesthesia
lllb Intervention under general anesthesia
vV Life-threatening complication (including CNS complications)* requiring IC/ICU management
IVa Single organ dysfunction (including dialysis)
IVb Multiorgan dysfunction
\Y Death
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Deux patients non répondeurs décédés apres
a fln de ‘,étUde (situation en novembre 2018)

* P4: décédée en avril 2016, soit 15 mois apres la chirurgie et 5 ans
apres l'accident: sans explication liée a la DBS (patiente la plus fragile
et la plus sévere).

* P5: décédée en mars 2017, soit 21 mois apres la chirurgie et 5 ans
apres I’hémorragie: sans explication liée a la DBS



Mesure des effets

* Modifications cliniques:
* Score moyen CRS-R

e Définition du répondeur:
augmentation significative du
score moyen CRS-R, Baseline VS

DBS-ON

* Effets aigus:
 Titration (6V)
e Cross-over (2x 1.5 mois)

e Quverture des yeux la nuit (O/N)
(toutes phases)
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Analyse metabolique par territoires
corticaux

23 régions corticales

Regroupées en 3 territoires:

e Attention-interne; cortex
limbique et DMIN médial

* /Attention-externe: cortex
latéraux fronto-pariétaux du DMN
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Résultats: cliniguement limités, pas de
communication orale ..

= DBS-ON (p<0.001)

* Groupe:

* > DBS-ON vs
baseline (p=0.005)

e Par individu:

e 2 répondeurs: P1 &
P3
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Résultats de I'analyse du métabolisme

A. B.

* Baseline FDG
(normalized)

* FDG variations
following DBS:

* Maps of variations of
activities = DBS-ON —
Baseline

* increased
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