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Collaterals
Reperfusion
↑ GABA
K+ ATP

IV thrombolysis
Thrombectomy
Craniectomy

Structural plasticity:
Neurogenesis
Synaptogenesis
Angiogenesis
Oligodendrogenesis
Astrogliosis scar modulation

Neural graft:
- Precursors
- Neural SC
- Neurons

Ca2+

Glutamate / K+

Excitotoxicity
Free radicals Inflammation

Necrosis

Depol.
Apoptosis

Minutes Hours Days Weeks Months / Years

HSP, BCL protein, IL10
Free radical scavengers
BDNF, VEGF, EPO
↓ NOS, ↑ GABAA receptors
IL1-R antagonist
↓ GluR2

General and Stroke Unit care:
BP, glycemia, nursing (mobilization, 

infection prevention…) GF / Cell therapy:
- GCSF, EPO…
- Cell therapy (MSC, 
MNC, HSC, EP…)

Gutiérrez, Cerebrovasc Dis 2009
Detante O , Rev Neurol 2014

Brain Protection Brain Repair

Rehabilitation



Diagnostic



Bang , Stroke 2014



« Intelligence artificielle »

• Deep learning sur TDM 
« stroke » ou « trauma » 
avec hémorragies

• 313 000 TDM !

• AUC > 90%

Chilamkurthy , Lancet 2018



Thrombolyse / Thrombectomie



« TIME IS BRAIN »

• 1 minute =
- 1.9 millions de neurones
- 12 km de fibres myélinisées

Saver J., Stroke 2006

Detante, EMC 2014



ESO-ESMINT Guidelines 2019

Recanalisation 

H6 à H24

Recanalisation 

< H6



Pronostic post-thrombectomie

Campbell , Lancet Neurol 2019



Prévention secondaire



Fibrillation atriale :
AOD mieux que les AVK



Médecine régénératrice

Thérapie cellulaire



Neurogenèse

adulte

Zhao, Cell 2008

BrdU

NeuN

GFP



Plasticité post-AVC

� Fonctions du tissu survivant
� Réorganisation des circuits lésés, croissance des fibres

� Processus cellulaires : 
• Cellules neurales : neurones, astrocytes, microglie et  

oligodendrocytes
• Synaptogenèse et activation de connections inactives
• Angiogenèse / vasculogenèse

Jin, PNAS 2006

Vessel

Neurons Dcx+

Niche glio-
vasculaire pour 

neurogenèse

Ohab, J Neurosc 2006

BrdU

DCX = 
neuroblastes

Souris à J7 Homme à 1 mois



IV injection of MSC – Mechanisms for stroke?

Chopp, Lancet Neurol 2002
Moisan, Cell Transplant 2016



Intravenous Stem cell therapy for Ischemic Stroke
ISIS-HERMES trial (2010-2016)

• Ethics committee 2008 / Regulatory Agency 2009

• 3 parallel groups, controlled, randomized, opened

• Autologous MSC (from bone marrow)

• Objective: Feasibility and safety of IV MSC after stroke

• Inclusion : 18 to 70 yo (mean = 52 yo) / Ischemic stroke < 14 days 
(NIHSS ≥ 7) (mean = 18; n=21 left stroke)

• 31 patients in 3 groups (already recruited): 
1. 100 million of MSC (n=10)
2. 300 million of MSC (n=10)
3. Controls (n=11)



Hess, Lancet Neurol 2017

• Dose-escalation, 3 groups (400 or 1200 million MAPC ), randomized vs 
placebo

• 33 centers (USA, UK)

• IV injection of allogenic MAPC (from bone marrow), 24h-48h post-stroke
• Objective: safety and efficacy

• Inclusion : 18 to 83 yo / Ischemic stroke (NIHSS = 8 - 20)
• Non inclusion: splenectomy

• 8 patients (safety) + 129 patients (2011 to 2015)
• Safety at 7 days and efficacy at 3 months (NIHSS, Rankin, Barthel) / 1-year 

follow-up

• No cell related adverse events
• Trend for benefit ? Decrease of infection (at 1 year)



RESSTORE 1 trial 
(phase 1, 139 patients)

• « Toxicity » (phase 1a): 15 patients (8 patients included)

4 doses: 1 / 1.5 / 2 / 3 million of allogenic ADSC / kg
Primary endpoint: life-threatening adverse events at 7 days after injection

� « Dose-effect » (phase 1b): 124 patients / 4 groups
3 doses, double blind, vs placebo
Dose-effect « curve »: motor NIHSS at 6 months / activation fMRI



RESSTORE Data Analysis

Recovery

Scale 

changes
Clinical assessment

Biomarkers

• Clinical database
• BioBank : Barcelona (Spain)
• MRI database : ShaNoir (France)

• Health economics

• Experimental studies:
- Effect of intensive rehabilitation and co-morbidities
- Explore neurobiological mechanisms
- Safety of IV infusion of human ADSC in mice



Boltze , J Front Neurol 2015



Kalladka, Lancet 2016

13 patients
Cell line CTX 0E03 from fetal neuroepithelium

18 patients
MSC San Bio SB623 Notch1+

Steinberg, Stroke 2016



Biomaterials: smart or not…

Boisserand , Stem Cell Int 2016



« No cell » therapies

Xi H, Frontiers Cell Neurosci 2014 Bang OY, J of stroke 2016

• Secretome: cytokines, growth factors…
• Microvesicles (exosomes)
• Extracellular matrix



Qu’est-ce que la récupération ?

• NIHSS / Rankin / Barthel… ICF (functioning) / EuroQoL

• Récupération « vraie » vs Compensation

• Récupération « vraie » + Compensation

• Quelle mesure ? Quand ?

Hommel , Transl Stroke Res 2016



Cell therapy in stroke: which score?

Cui, in press 2019      Boncoraglio , Cochrane 2019



Compensation - Adaptation

Aimée MULLINS

Rôle de l’entourage et société pour limiter 
la perte d’autonomie

Difficile à quantifier (médico-sociale) !

« L’homme augmenté, l’homme réparé ou 
l’homme amélioré » ?




