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Programme de la soirée :

Présentation d’un article scientifique

par Adrien Kristiansen

étudiant en 4éme année de médecine

Discussion puis apéro !
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Le role de la neuroinflammation dans les traumatismes craniens

namre
REVIEWS

NEUROSCIENCE

Basé sur l'article :

The far-reaching scope of neuroinflammation after traumatic brain injury,
Simon & al., Nature reviews neuroscience, 2017
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’histoire de Gabriel(le),
stagiaire médecin aux HUG
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Un beau jour de printemps, en rentrant de stage
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Le drame
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Traumatisme cranien (cranio-cérébral)

Traumatic brain injury (TBI), a form of acquired brain injury, occurs when a sudden trauma causes damage to
the brain. TBI can result when the head suddenly and violently hits an object or when an object pierces the

skull and enters brain tissue. xmos
CBI

1¢re cause de mortalité des jeunes de 15-25 ans

Classification :

Mineur (mild) : GCS 13-15

Moyen (moderate) : GCS 9-12

Sévere (severe) : GCS<9

Criteria

Mild

ARLINGHAUS ETAL. (16)

Glasgow coma scale

Loss of
consciousness

Post-traumatic
amnesia

VA/DoD

Glasgow coma scale

Loss of
consciousness

Post-traumatic
amnesia

Alteration of con-
sciousness/mental

) o state
Adrien Kristiansen - Neuroclub 2023

13-15

30 min or less
or none

Less than 24 h

13-15

0-30min

Less than 24 h
or none

A moment up
to 24h

Moderate

9-12

30min to
1 week

More than
24h less than
1 week

9-12

30minto 24h

More than
24h less than
1 week

>24h, severity
based on other
criteria

Severe

<8

More than
1 week

More than
1 week

<8

More than 24 h

More than
1 week

>24h, severity
based on other
criteria



Epidémiologie

Incidence par rapport a d’autres maladies

neurologiques fréquentes ?

Global impact

346
50-60m

81m

90%

Worldwide incidence rate
per 100000 people, 2019

Number of people who have
a TBl worldwide each year

Years lived with a disability
worldwide due to TBI

Proportion of TBIs that
are categorised as mild
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Figure 1: Global incidence and prevalence of traumatic brain injury compared with other common

neurological diseases
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Traumatic brain injury: progress and challenges in prevention, clinicalyare, and research
2022, The Lancet Neurology



Quelles sont les causes de TCC ?

i Ch UteS = #j The main causes of TBI
@ In low-income and middle-income In high-income countries
countries (LMICs) (HICs)
: : 57%
e Circulation 53%
* Violence e
¢ S pO rt et daC Falls  Roadtraffic Violence  Other Falls  Roadtraffic Violence  Other
incidents causes incidents causes
Traumatic brain injury: progress and challenges in prevention, clinical care, and research
2022, The Lancet Neurology
* Autres
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Age et incidence

100), ~@- Hospital discharges
F o Deaths

35
30+
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20+
15+
10+
5 -
0

Cases (%)

0-9 1019 2029 30-39 4049 5059 60-69 7079 80+
Age (years)

Figure 3: Estimated frequency of hospital discharges and deaths in cases of
traumatic brain injury by age group in Europe
Figure created using data from Majdan et al*

Traumatic brain injury: progress and challenges in prevention, clinical care, and research
2022, The Lancet Neurology
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Quelle échelle est utilisée pour mesurer 'outcome d’un

traumatisme cranien?

GOS GOSE Interpretation
1 = Dead 1=Dead Dead
2 = Vegetative state 2 = Vegetative state Absence of awareness of self and environment

3 = Severe disability 3 = Lower severe disability
4 = Upper severe disability

Needs full assistance in ADL
Needs partial assistance in ADL

4 = Moderate disability 5 = Lower moderate disability

6 = Upper moderate disability

Independent, but cannot resume work/school
or all previous social activities

Some disability exists, but can partly resume
work or previous activities

5 = Good recovery 7 = Lower good recovery

8 = Upper good recovery

Minor physical or mental deficits that affects
daily life

Full recovery or minor symptoms that do not
affect daily life

ADL = activities of daily living.

GOS=Glasgow outcome scale
GOSE = Glasgow outcome scale extended

Adrien Kristiansen - Neuroclub 2023
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L'unité neuro-glio-vasculaire

Adrien Kristians
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Journal of Alzheimers & Neurodegenerative Diseases, 2019, Alzou & al
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L'unité neurovasculaire A_?'trocyt ’ // / Pericyte
" | PR

Neuron
Force du traumatisme
6Ii'go endrocyte
Ld
Endothelia ‘
Cell
Basement
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Journal of Alzheimers & Neurodegenerative Diseases, 2019, Alzou & al



Une lame a double tranchant

Traumatic brain injury

[ Protective response
" Harmful response

o—

T T T T
1 3 7 14
Time (days)
Figure 1 | Neuroinflammation after traumatic brain injury.
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Months to years
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Triggers
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1. DAMPS

Neuron

Astrocyt ' / / ¢

IL-6

/5
J TNF-a
i IL-1 6Ii'go en

TNF-a

Microglia

Dammage associated
molecular pattern

* Libération cytokines ('

Antioxidants

Endothelia ';‘;A“:Vd‘".'
st
Ce" agon S

Cytokines pro-
Basement inflammatoires
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Toll-like receptors in health and disease in the brain: mechanisms and therapeutic potential, 2011, clinical science




Transcriptional activation Post-transcriptional activation Autocrine  Paracrine
responses  responses

p < n' % Crystals Active
TLR IV Active (guls

I-1B
o

Cytokine
receptor

# Mitochondrial K Lysosomal
damage damage
ki . 2 Gasdermin D
Anakira @ pore -
@
; O
Anakinra Blocks IL-1 signal * Single-centre 100 mg subcutaneous Increased PCAof 42 * Subsequent
transduction REIS every 24hx5 doses IL-1rain CNS cytokine study™**
* 20 adults with GCS extracellular multiplex showed that
score <8 fluid within6h demonstrated patients
separation receiving
between rlL-1ra had
treatment and cytokines
placebo groups biasing to
M1-like
microglial
phenotype
* Control
patients were
relatively
biased to
M2-like
phenotype
¥ Lylokines Autommoitea R ) . o ?‘_:'_} s
« Chemokines NLRP3 Active NLRP3 <~ Active
inflammasome ASC speck caspase 1
Adaptateur Effecteur
YR“WA‘ Inflammasome signalling in brain function and neurodegenerative disease, Nature reviews neuroscience, 2018

NFkB
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2. Excitotoxicité g ‘ l
Microglia - f /

Neuron

Yo} @\*\'\3
Glutamate
/ AMPA/KAR
NMDAR

MetabR

1 Ca®*
P, \ i
Ca®* ~

Proteases .
<+— Oxygenases
ROS Mitochondria
ER

| Adénosine Endothelia
Cell

Basement
Nucleus Adrien Kristiansen M@Rbrane

https://www.sciencedirect.com/topics/neuroscience/excitotoxicity
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3. Dysfonction mitochondriale

4. Lésions vasculaires Neuron

Microglia

-
Anatibant * Blocks bradykinin ~ Brain Trial: Low(10mgload+5mg  Nodifference Trend towards * Recruitment
signalling = - s daily), mid (20mg inincidenceof ~ harmin paused due
* Prevents BBB A gﬂz‘ggfiirl‘:srsvﬁ? load + 10 mg daily), or seriousadverse  discharge to Data
fH B disruption GCS score <12 high (30mgload+15mg events GCS, DRS, and and Safety
daily) versus placebo HIREOS scores Monitoring
, * Board
Complément
* Terminated
(withdrawal of X X L.
Inhibition _ - - - _funding  —— Translocation cardiolipines
Statins * Inhibit expression  * Single-centre Rosuvastatin 20mg Modest decrease  No difference Subsequent
of vascular RCT#e daily for 10 daysversus  in amnesia and in disability at study®*’ showed
dhesion molecules  * 21 adults with GCS  placebo disorientation 3 months reductionin
andchemokinesto  score 9-13 time plasma TNF at
reduce leukocyte 72h
infiltration of CNS
~~~~~~~~~~ * Associated with
reductions in

proinflammatory

Gioes Adrien Kristiansen ¢ Neiv Ak a2 023 20

Intracellular Space



cytotoxic oedema vasogenic oedema
(infarction) (tumour/abscess)




Table 1| Factors modulati infl ion in pati

with TBI

Cytokines and chemokines
TNF CSEECF  =Peaksearlyonday 1 * Mixed results * Soluble TNF receptor levels 57,117,
* Prolonged elevation in patients * Most studies show no association  peak later (days 4-9) 168,
with hypoxia with outcome « TNF allele variants associated  198-203
= High level at 6h might be with clinical outcome
iated with ICP and
Tissue Increased within 17 min after injury Unknown Fourfold increase in mRNA 6
within 17 min
IFNy Tissue Increased within 17 min of injury Unknown Second-highest cytokine
concentration measured
(after IL-6)
IL-1p CSEECF = Peaks at days 1-2; d * Paedi, ixed lts; no *ILIRN (IL-11a gene) 117,
atdays 24 correlation with cutcome polymorphisms associated 203-210
* IL-1ra consistently much higher * Adult: mixed results; no with cerebral haemorrhage
thanIL-1p correlation with cutcome and after TBI
elevated ICP = Principal component analysis
* Adult: high ECF IL-1ra and of microdialysis data shows
IL-1raclL-1P ratio associated with  close covariance with TNF
good outcome
Tissue Increased above contrel 6-122h Unknown Fivefold increase in mRNA 6
after injury at6-122h
IL-6 CSEECF = Marked increase after TBI = Paediatric: mixed results; no * Paediatri fold great 203-205,
* Peaks at day 1, declines at days 2-3 correlation with cutcome in children with intermittent 209,
= Adult: high CSF or ECF level versus continuous CSF 211-217
associated with favorable GOS drainage
score * Adults: associated with
NGF level (CSF added to
astrocyte culture induced
NGF production, blocked by
anti-IL-6 antibody)

Tissue Increased within 17 min after injury

No relationship with ICP, brain
oxygenation or oedema

IL-10 CSFECF  «Peaksatday1,declinesatdays2-3 = Paediatric: high level associated
* May have second or third peak of with mortality in severe TBI
lower magnitude * Adult: mixed results; correlation
* Later peak in ECF at days 4-6 with outcome
IL-12p70 CSEECF  =Increased at days 2-3 Paediatric: not associated with
* Peaks at days 3-5 outcome
GM-CSF Tissue Increased above control 6-122h Unknown
after injury
TGFp CSF Peaks at day 1, gradually decreases Adult: not associated with
over 21 days outcome
CCL2(MCP-1) CSEECF Peaksatday1,d and p Unk
by day 4, but remains elevated until
day 10
Tissue mRNA detected 3hto 15 days after Unknown
injury

CCL3 (MIP1a) CSEECF |

Paediatric: not asseciated with

d at days 1-3, lear peak

Tissue mRNA detected 3hto 15 days after
injury

Peaks at day 1; marked decline at days
2-3; remains elevated up to 108 h after
injury

CXCL8(IL-8) CSFECF

Tissue mRNA detected 3hto 15 days after
injury

outcome

20-fold increase in mRNA levels 6,209
at6-122h

* Very young patients (<4 years) 56,117,

have high levels 203,208,

*No change in contused tissue 209,211,

214218

35-fold greater in ECF thanin 203,204
plasma

Expression in CSF prolonged by 6,219
hypoxia

Associated with BBB 220
permeability

Tenfold higher in ECF than in 203,221,
plasma 222
The most consistently and 222

strongly expressed chemokine
mRNA in evacuated contusion

No association with age, sexor 203,204
GCSscore

Cytokine Family Main sources Function
Pro-inflammation, proliferation, apoptosis,
IL-1B IL-1 Macrophages, monocytes differentiation
L4 L4 Thcells Ann-mf!ammat!or_l, T-cell and B-cell proliferation,
B-cell differentiation
IL-6 IL-6 Macrophages, T-cells, adipocyte Pro-inflammation, differentiation, cytokine production
IL-8 CXC Macrophfnges, epithelial cells, Pro-inflammation, chemotaxis, angiogenesis
endothelial cells
IL-10 IL-10 Monocytes, T-cells, B-cells Antl-{nﬂammatlon, inhibition of the pro-inflammatory
cytokines
IL-12 IL-12 Dendntuf cells, macrophages, Pro-inflammation, cell differentiation, activates NK cell
neutrophils
L-11 IL-6 Fibroblasts, neurons, epithelial cells Antl-'mﬂammatlon, differentiation, induces acute phase
protein
TNF-q TNF Macrophages, NK cells, CD4* Pro-inflammation, cytokine production, cell
lymphocytes, adipocyte proliferation, apoptosis, anti-infection
IFN-y INF T-cells, NK cells, NKT cells Pro-inflammation, innate, adaptive immunity anti-viral
Pro-inflammation, macrophage activation, increase
GM-CSF  IL-4 T-cells, macrophages, fibroblasts neutrophil and moocyke fimetion
TGF- TGF Macrophages, T cells é’:f: l::?ailﬂz_‘_t:gﬁlmhlbmon o prosofl s ks

Adrien Kristiansen - Neuroclub 2023

Unknown Intermediate levels of mRNA 2
detected
* Paedi high level aly *No iationwithage,sex 203,204,
associated with mortality or GCS score 214,223
= Adult: high level associated = Tenfold to 20-fold higher in
with BBB permeability, but not CSF and ECF than in plasma
mortality
Unknown 139-fold increase in mRNA at 6,222
6-122h

and infl . o di

in organs
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Scanner de Gabriel

Quelles lésions sont
visibles ?

Adrien Kristiansen - Neuroclub 2023
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Réponse cellulaire \
P Astrocy:

. : Neuron
Microglia

Systéme
glymphatique

Recruitment neutrophiles '/ godtiendrocyte

Cell

: . Polai
ndothelia \ N

Basement
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5. Astrocytes

Microglia

Endothelial™
Cell
Basement
Adrien Kristiansen -M@mm
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Traumatic Brain Injury: Mechanisms of Glial Resp 2021, Frontiers

. «-=== ATP signalin
TLR4 activation UNSECSRN g g

v ®

Proinflammatory g ®
cytokine release P

Extracellular
vesicle release

Brain edema @

Blood brain barrier

permeability S

GLT-1 downregulation

2 4 @ O gRw
NF-KB CWa N Ca2*

Ca? a2

Increase extracellular

: Increase calcium influx
glutamate
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" Astrocyte hypertrophy
Astrocyte proliferation
Glial scar formation
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cx43 &0
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&

©

o

@ Glutamate
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(A) Mild to moderate tissue damage (B) Severe tissue damage

Focal lesion with

BBB disruption & \
Axon injury & inflammation scar formation
degeneration -
) & "X &g, TAD
B = P
&9 ®
® e @ s
o\ >
A® +

Injury severity

Deafforentation Peripheral infection

LS
-

.\ L ]
A
& @ ,:tl Astrocyte aRset?gcﬁ;t% \ Scar-formmg
& Neuron D{ Microglia )‘ Reactive
— microglia

0 Macrophage @ Platelet \Blood vessel

Astrocyte roles in traumatic brain injury, 2017, Exp Neurology

Q Neutrophil @ Lymphocyte
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Existe-t-il des biomarqueurs utiles en clinique pour les

traumatismes craniens ?

Oul!

* GFAP

* UCTHL1
* S100B

* Nfl

Adrien Kristiansen - Neuroclub 2023
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Serum GFAP and UCH-L1 for prediction of absence of intracranial injuries on head CT (ALERT-TBI): a multicentre observational study

A
GCS patientscore — All patients (GCS 9-15)  —— Mild TBI (GCS 14-15)
E e
‘é 200+ &
> o o
I :
-  Glial fibrilary acidic protein 2 o
- Filament intermédiaire astrocyes
- Marqueur des astrocytes .
L.b, ;e . P Patients
- ibéré circulation systémique Mo
Median
B
>22 pg/mL i
g 2000
=)
=
% 1500
=
%

Sensitivity

GCS 9-15 (n=1959)
GCS 14-15 (n=1920) 0-973 (0-924-0-994) 0-367 (0-345-0-390) 0-088 (0-073-0-105) 0-995 (0-987-0-999) 1.5 (1-457-1-618) 0-07 (0-00-0-159)
15 (1-447-1.602)

Neurosurgically
manageable lesions (n=8)

Data in parentheses are 95% Cls. PPV=positive predictive value. NPV=negative predictive value. LRP=likelihood ratio positive. LRN=likelihood ratio negative.

Table 3: Performance of UCH-L1 and GFAP assay for predicting intracranial injury on head CT scan




27% of patients with a normal CT had positive findings on an MRI

AUC=0.78

Sensitivity Specificity NPV PPV

4-40 pg/mL 1-000 (1-000-1-000)  0-024 (0-009-0-042) 1-000 (1-000-1-000) 0-271(0-268-0-275)
12.95pg/mL  0-958 (0-925-0-992) 0-188 (0-148-0-230) 0-925(0-863-0-981) 0-300 (0-287-0-313)
25:15pg/mL  0-908 (0-850-0-958) 0-333(0-288-0-388) 0-910 (0-861-0-957) 0-332 (0-312-0-354)
71-95pg/mL  0-825(0:750-0-892) 0-494 (0-442-0-549) 0-888 (0-845-0-924) 0373 (0-344-0-407)
28270 pg/mL  0-642 (0-558-0-733) 0-803 (0-758-0-842) 0-861 (0-832-0-890) 0-543 (0-482-0-603)
84875 pg/mL  0-233 (0-158-0-308)  0-964(0-942-0-982) 0775 (0-760-0-793)  0-698 (0-555-0-842)

The k-fold cross-validation method was used to select the optimal cutoffs for predicting MRI-positive versus MRI-negative
findings in patients with negative CT based on the criteria of adjusted NPV above the level of 0-96, 0-94, 0-92, and 0-90,
0-85, and 0-80, in accordance to data standards for clinical laboratory assays set by the manufacturer. The prevalence of
positive MRI scans among patients with negative CT scans was estimated to be 0-27 on the basis of the sample rate to
calculate the adjusted NPV. 1000 bootstraps were conducted to determine the optimal cutoffs using the median from
each run. The optimal cutoff thresholds were then applied to the full data to calculate the corresponding sensitivity,

specificity, NPV, and PPV. GFAP=glial fibrillary acidic protein. NPV=negative predictive value. PPV=positive predictive value.

Table 3: Cutoff concentrations of plasma GFAP to predict MRI-positive versus MRI-negative findings in
patients with negative CT

Number Plasma GFAP concentration (pg/mL) p value
of patients
Mean (SD) Median (25-75th percentile) Range

Positive CT 199 1400-9 (1598-6)  786-0 (357-0-1863-3) 0-94097  <0-0001*
Negative CT 450 308-0 (530-5) 110-3 (22-7-352-3) 0-4095-1
Negative CT 120 692-2 (827-6) 414-4 (139-3-813-4) 5-2-4095-1 <0-0001f
and positive MRI
Negative CT 330 168-3 (250-9) 74-0 (17-5-214-4) 0-1864-5
and negative MRI
Orthopaedic 122 237(372) 131 (6-9-20-0) 0-216-8 <0-00011§
trauma controls
Healthy controls 209 11.0 (127) 8.0 (3:0-14-0) 0-98-0 <0-0001%§

GFAP=glial fibrillary acidic protein. P values were calculated from the Wilcoxon rank sum test for the comparisons,
which compares the distributions of the two groups. *Compared with patients with negative CT. tCompared with
patients with negative CT and negative MRI findings. ¥Compared with patients with negative CT and positive MRI
findings. §Compared with patients with negative CT and negative MRI findings.

Table 2: Plasma GFAP concentrations by imaging modality and findings

Association between plasma GFAP concentrations and MRI abnormalities in patients with CT-negative traumatic brain injury in the TRACK-
TBI cohort: a prospective multicentre study, 2019, The Lancet Neurology
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6. Neutrophiles

Microglia

Recruitment neutrophiles

<L

Granulocyte Stimulates stem * Multicentre RCT*** 75 ug or 300 ug daily for
colony- cells to produce * 61 adults with GCS 10 days versus placebo
stimulating granulocytes score <8, expected
—_— factor (G-CSF) to require
Intr: us imm lobulin ( j ’ mecpaq:cal
ventilation for
>3 days

Adrien Kristiansef\f@mribrarne:

Dose-dependent = No difference

increase in
neutrophil count

in mortality,
length of stay,
or nosocomial
infection

* Significant
decrease in
bacteraemia
incidence

Neuron

* Adverse events
similar between

groups

* Included
patients with
cerebral
haemorrhage
aswellas TBI
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Neuron

7. Microglie/macrophage % Astr / /

Microglia

]

Endothelia
Cell Monoc
yte
Basement Macrophage
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Extracellular

injury signals Damaged neuron

: M2-like
M}-llke' microglia/
microglia/ Disrupted macrophage

macrophage T 1/T 17 blood-brain

Q barrier T2 Jia

Neuron . O

Activated Meuaopia \

astrocyte Activated
; E \ astrocyte

TNF. IFNy. o, DAMPs IL-4.IL-10.
IL-6 TGFB
Undifferentiated
Intracellular
molecular
pathways
NF-xB p50/p65 NF-cB p50/p50
STAT1 PPARY
IRF-3 :::!2-124
:::;_5155 Microglia/macrophage STAT3/STAT6
IRF-4/JM]D3
IRF-7
Functional
reponses
M1-like Phenotypic plasticity M2-like
microglia/ microglia/
macrophage macrophage
Pro-inflammatory and free radicals Anti-inflammatory and trophic factors
Decreased phagocytic activity Increased phagocytic activity
Neurodegeneration Neurogenesis BDNF, neurotrophines
Inhibit regeneration Synaptic plasticity
Phenotypic markers: IL-1B. TNF. IL-6. Phenotypic markers: IL-10. TGFf.

NOZiiid 2P0 Asen - Neuroclub 202§D206.CD163. Arg-1. Ym1

Promotors of
M2-like phenotype
PPAR agonists
CCR2 antagonists
MSCs

NOX2 inhibitor
miR-155/miR-124
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9. Lymphocytes
10. Glymphatique

Probiotics

Cyclosporin A

Modify lymphocyte
polarization before
CNSinfiltration

Reduces T-cell
counts and
activation

Microglia

5

¥ 4

= Single-centre 10° bacteria for 21 days
RCT# versus placebo

* 52 adults with GCS
score 5-8

* Single-centre 5mg/kg over 24h or
RCT*? 10mg/kg over 48h

* 38 adults with GCS  versus placebo
score <8

No differencein ~ Onday 21, *Trend to
28-day mortality treatmentgroup  decrease late
had higher IFNy ventilator-
and lower IL-10 associated
and IL-4 pneumonia
* CNS effects
unclear

No difference No difference Reduced
in blood T-cell inincidence of lymphocyte
counts infection count on
admission
associated with n e nt

worse outcome

Adrien Kristianseﬂ':;;lf\‘:ﬂa wﬁiﬁhlum

infections

% Ast '/ / Pericyte

IR

IL-33 —, Autoimmunité
protectrice
IL-4

Microbiome

Neuron

Systéme glymphatique

%@

Neurotrophine

N IL-17

Neuroprotective
) @ T coll (IL-4, neurctrophinz)

Pro-inflammatory
Teoll (IFNy, IL1, IL-17)

<+— Altered gut microbiome

——— Lympholytics




Conventional model

Espace de
Wirchow-Robin

Foramen of Magendie
and Luschka

Efflux via subarachnoid
granulations and
nerve roots

Reabsorption to
systemic circulation

L

Model including the glymphatic system

po il P DA SR o s
S L O S SRS s~ % 2
S A S S T s Pt o
wrASoS

S mE A

Pariirtatial Subarachnoid space

CSF influx

a4
IR

Ry

[
CN

Astrocyi
vascular
end-fee

{( //
¥/ Lymphat
* vessel

| Sinus veineux et aa.

|
Méningées

Perivenous efflux

Periarterial space AQP4

Neuron ]

CSF-ISF
exchange

\ _ Periarterial
CSF influx

Perivenous spaces
and lymphatic vessels

J Gg. Cervicaux profonds

The glymphatic system: implications for drugs for central nervous system diseases
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https://www.nature.com/articles/s41573-022-00500-9

The Glymphatic Pathway

2-Photon Imaging

Para-Arterial CSF Influx

Brain Surface

Surface Artery

Penetrating
Artery

jr

Neuron

Metabolic Waste Clearance

244 - [

Astrocyte  Aquaporin-4  Amyloid B Cerebrospinal Fluid

Adrien Kristiansen - Neuroclub 2023
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Corticoides ?

Steroids

* Inhibit leukocyte

activation and
infiltration

* Modulate cytokine

release

* Progesterone
decreases
upregulation of
IL-1B, TNF, and
complement
factors3and 5

* Reduce M1-like
microglial
activation

CRASH: Methylprednisolone Higher risk
« Multicentre RCT*? load Zg.over of mortality
« 10,008 adults with 1h+maintenance at 2 weeks in
GéS e 0.4 g/h for 48 h versus steroid group
- placebo
* Multicentre RCT***  Dexamethasone 100mg No difference in
* 161 adultswith TBI  versus placebo survival
and coma

* Multicentre RCT**
* 163 adults with
GCSscore 9-12

No difference in
6-month GOS

Corti-TC:
* Multicentre

ProTECT IlI: No difference in
* Multicentre RCT™®  >*¢ z 6-month GOS
« 882 adults with injury, duration 96 h score
GCSscore 4-12
SyNAPSe: Progesterone 0.71mg/  Nodifference in
« Multicentre RCT'6 kg load +0.5mg/kg/h 6-month GOS
infusionfor 119h score

* 1,195 adults with
GCSscore <8

Adrien Kristiansen - Neuroclub 2023

Higher risk of
mortality at
6 months in
steroid group

No difference
in 6-month
outcome

No difference in
mortality

No change
when analysed
according

to presence

or absence

of adrenal
insufficiency

No difference in

mortality

No difference in
mortality

Terminated
early for safety
concerns

Significant
differencesin
pretreatment
hypotension and
hypoxia related
to intercentre
variation

Study may

have been
underpowered
owing to lower
than expected
incidence of
hospital-acquired
pneumonia

Terminated
(futility)
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Table 2 (cont.) | Selected clinical trials evaluating therapies for neuroinflammation after TBI
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Figure 4| Effects of chronic neuroinflammation.
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Figure 3| Novel TBI therapies targeting inflammation at differenttimenoints, - Neuroclub 2023
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Conclusion

Neuro-inflammation — complexe

Impliquée dans de nombreuses maladies neurologiques

Approche large spectre non efficace

Définir la fenetre thérapeutique, durée du traitement et outcomes

Phénotypage inflammatoire individualisé du patient

Patient tailored approach

Intégrer le patient: approche bio-psycho-socio-écologique

Adrien Kristiansen - Neuroclub 2023

QOutcomes

f

Biological X Psychological
(eg, brain injury severity (eg, coping skills
and host response) and mental health)

Social

(eg, social support Ecological
and employment) Traumatic brain injury (eg, health-care systems)
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Box 2 | Outstanding research questions and unmet needs

* Define the level of acute inflammation needed for clearance of debris, and how it can
be determined

*» Assess whether the M1-like/M2-like paradigm of microglial polarization translates to
human brain injury. Do injury severity-related or regional differences in microglial
phenotype exist?

* Investigate the potential of harnessing autoreactive adaptive immune response for
the benefit of patients with traumatic brain injury (TBI), and whether T, 17/IL-17
adaptive responses contribute to neurodegeneration in TBI

* Evaluate whether the severity of damage to the CNS lymphatic drainage systems
after TBI has a role in defining the magnitude of long-term neuroinflammation

* Investigate the mechanisms that prime reactivity of glia acutely after TBI and sustain
their immune activation for weeks, months and years after the initial injury, and the
potential of delayed interventions that modulate chronic microglial activation

* Find out how to determine when the reparative processes are no longer beneficial,
and how we should facilitate return of the inflammatory process to a normal state

* Could therapeutic trials be stratified to target specific inflammatory phenotypes,
reflected by biomarkers?

* New stable and selective PET ligands and/or MRI-based methods to image
neuroinflammation are urgently needed
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Discussion
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Prise en charge d’un TRAUMATISME CRANIEN en Urgence

Cet algorithme décisionnel ne se substitue pas au jugement clinique.

- Anamnése détaillée des circonstances et mécanisme
- Examen clinique : status neuro complet + examen ORL
- Signes vitaux : TA, FC, FR, Sa02

TC sévere 3a8 Score de Glasgow [ )
R
J{ M1k 1s
TCC moyen Y
- Stabilisation P e Perte connaissance ?

- Avis neurochirurgical HUG

nonet@ amnésie—l—oui et/ou amnésie circonstancielle

— NEeE Clinique
HUG 25~ M 7 o S 0, v

' Facteurs de risque

Amnésie rétrograde >30 minutes ou
antérograde

Déficit neurologique focal

« OH

Age >65 ans

Prise d’anticoagulant, antiagrégant,
coagulopathie connue

Cinétique (piéton / cycliste / éjection
voiture / force impact / chute >1m ou >5

Convulsions post-traumatiques
« Vomissements >1 épisode

« Fracture massif facial, crane, base du

En cas de doute sur la prise en charge,
tél. au neurochirurgien de garde 24h/24h
aux HUG : 079 55 33 810

2. patient en GCS 13-14 & son arrivée a
I'hdpital avec retour a un état de
conscience normal <2 heures aprés

% : En cas d'amnésie ou d'autres troubles
cognitifs, une analyse plus fine peut se
faire avec le test MOCA.

Si test anormal, conseiller au médecin

¥ marches)
TC simple TCC mineur .
1
GCS 15 ou 13-14 <2 heures® GCS 13-14 >2n, - Céphalées séveres
4 ¥ crane
Facteur de risque’ présent? Facteur de risque’ présent?
,/\ i e
non ou ui” _nhon
@ CT cérébral Surveillance minimum 12h. - Surveillance neuro aux 15 minutes
- Selon facteur(s) de evaluer CL} Hospitallsauon 12 heures ou CT-scan - CT-scan ne retardant pas le transfert
- Ré-évaluation pour vs hospitalisation
[
Bilan labo*
|
Hospitalisation?
l -
non ou
Y Y Y
- Surveillance de 4 heures aprés trauma : @ Surveillance de 12 heures aprés trauma :
Pouls, TA, FR + Glasgow & pupilles Pouls, TA, FR + Glasgow & pupilles Iévénement.
« 4/h la premiére heure « 4/h la premiére heure
« 2x/h pendant 3 heures « 2x/h pendant 3 heures
- Entourage du patient présent « aux 2 heures pendant 10 heures
- Patient informé (document info mmls). |
CT anormal et/ou
Persistance symptémes ?

a 12 h. de surv. post trauma:
Conditions RADOK? [ )

@(—non—l— oul

poursuite surveillance

oui I non

12 heures de surveillance supplémentaires aux 2 heures
Discuter l'indication pour CT-cérébral, si pas eu jusque-la ou répéter le CT.

HS/EA/APPEIALB

traitant un suivi neuropsychologique du
patient.

“: Hb, Ht, Thrombos, Gluc., Na, K, Créat.,
+/- alcoolémie/recherche toxiques
+/- crase selon le contexte clinique

©

Adticie de référence:

Traumatisme crdmien et cervical © recommandations pour la pratigue:
climigue avex urgences ; B. Vermewlen, A. Reverdin, P.-A. Polem!,
Médectne et Hygiéne 2003
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