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* Until the XVIlith century:
Theory of the Pneuma and the
ventricles

* Claude GALIEN (131-201 AD)

« pneuma » (vital spirit) is
produced by heart

Carried to the skull by
carotid arteries

Blood penetrates at the skull
basis, by the Rete Mirabile
(réseau merveilleux or
marvellous network)

« pneuma » est turned into
the «animal spirit»

Stored in lateral ventricles

Then distributed to motor
nerves and circulates inside -



- Introduction-

XIXth century: Phrenology and maps of psychic qualities are delimited by humps
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- Introduction-

End of the XIXth century >the anatomo-clinical theory
Central sulcus

Motor aphasia

Leborgne’ s brain (« one-eyed »), so-called « Tan-Tan » (1861),
autopsied by Paul Broca: one speaks with left frontal lobe



- Introduction-

End of the XIXth century =>the anatomo-clinical theory [ sensory aphasia

Central sulcus

Carl Wernicke: one speaks with left temporal lobe (1874)



- Introduction-

Network organization: Language is located in left hemisphere which is then said to be the
dominant hemisphere

Primary Languages Areas of the Brain

Arcuate
fasciculus

Wernicke’s area receives and
processes information, which travels
along the Arcuate fasciculus to
Broca’s area, where speech is
produced.

Broca's Area Wernicke's Area
(Area 45) (Area 22)




- Organization-

Brain

100 billion neurons
« Fibers » = axons

1 neuron has 10 000 contacts with
other neurons (synapses)

Brain=1,3 - 1,5 kg (2% of the body
weight)

20% of oxygen consumption

Energy enough for a 10-20 watts
bulb

Cell body

V4
Nucleus \

“' Golgi apparatus
Endoplasmic
reticulum " X
>
Mitochondrion |, ) ™>Dendrite

\
/
/ % Dendritic branches

Telodendria A
?’ .A
L

9
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- Organization-

Lateral view
Cortex Gyrus
(grey matter) Sulcus

View from above

Fissure - (white matter)

Total area = 0.45m2 (adult)

11



- Organization-

Central sulcus (Rolando)

N
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Spinal cord

Cerebral hemispheres

12



- Organization-

Basal ganglia

13



Peripheral and central nervous system organization

Peripheral nervous system

e The PNS brings afferent or
sensory information from
periphery to the CNS

Spinal cord

e The CNS analyses,
« integrates » the information

e The PNS brings back efferent or
motor information from the
CNS to periphery

Central
nervous system (CNS)

D Peripheral
nervous system (PNS)

14



- Organization-

The information that is conveyed from and to
A BI the periphery concerns

* All 4 limbs, skin, muscles, joints, sweat glands... (B1)
* Internal organs (B2)

Functions

* To bring to conscience somatosensory
information such as pain, vibration,
gentle tact that will in return induce/or
not a voluntary movement

e To regulate unvoluntary body functions
such as heart beat or intestinal motility
& secretions

* To maintain homeostasis and adapted
behaviour 15

—
—




- Organization-

Example 1: pain prevents further body lesions JER—

épiniere

d’un moto-
neurone

Corps cellulaire
d’'un neurone sensitif

Axone d'un
neurone sensitif

Axone d’'un

motoneurone

Behaviour is defined by external keys



- Organization-

Example 2: smell of food prepares digestion
Cephalic Phase

a The taste, smell, or thought of food or tactile
sensations of food in the mouth stimulate the
medulla oblongata (green arrows).

Taste, smell, or thought of food

: ) (chemoreceptors)
9 Vagus nerves carry parasympathetic action

potentials to the stomach (pink arrow), where
enteric plexus neurons are activated.

Tactile sensation in mouth

Hypothalamus

9 Postganglionic neurons stimulate secretion by
parietal and chief cells and stimulate gastrin and
histamine secretion by endocrine cells.

Medulla oblongata

Secretions

stimulated

o Gastrin is carried through the circulation back to the
stomach (purple arrow), where, along with
histamine, it stimulates secretion. Vagus nerves

Circulation

Behaviour is defined by external keys

17
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- Organization

Example 3: project planning

@
I,

Behaviour is defined by internal keys

&
///////




The functional unit of brain is neuron

Cell body

Axon Telodendria

/

Synaptic terminals

Golgi apparatus
Endoplasmic /2 N

reticulum \{
Mitochondrion * \ Dendrite

\
/ \
/ %Dendritic branches

Grey substance White matter

=

7 s
—<

Cell bodies are in the cortex and in
the basal ganglia

Neurons send/receive axons from a
region to another inside the brain,
and outside the brain to the PNS
(sensory, motor neurons and
interneurons), myelinated (white
matter)

They translate information that is
conveyed as an action potential

19
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- Organization-

Brodmann’s area
(cytoarchitectonic map of the cortex)

20



- Organization-

Functional Areas of the Brain'

Motor Area

« control of voluntary muscles Parietal Lobe

o hogce. Primary cortices versus associative cortices

 perception
© body awareness
* attention

Sensory Area
o skin sensations (temperature,
pressure, pain)

Frontal Lobe
* movement

o problem solving

o concentrating, thinking
o hehaviour, personality,

Occipital Lobe
o vision
 perception

mood Wernicke's Area

Broca's Area o Ianguaghe )

o speech control comprehension

Temporal Lobe Cerebellum

M M i

* language i

. megworg e coordination of
movement

Brain Stem

 consciousness

o breathing

o heart rate

Quizlet 21



- Organization-

Parietal cortex

Higher order integration
recognition and memorization of objects and forms

Occipital cortex

Primary integration
perception of shape, color, motion

Temporal cortex

Higher order integration
precise localization of animate or inanimate objects

Nataf S, F1000Research 2016
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Awake brain surgery

* The patient names the
figures that appear on
the screen

* Electrical current stops
the function of
underlying neurons: if
the patient stops
talking = stimulated
neurones concern the
speech area

23



- Higher order functions-




Cognitive Functions

e Wakefulness
* Awareness
* Attention

e  Memory

Instrumental Functions (language, calculation, gnosies, praxies gestural praxies, visuo-spatial and visuo-
contructive capacities)

Executive Functions (conceptualization, reasonning and problem solving, planification, routines
inhibition, decision making)

- Interconnected networks 25



Some definitions....

e Dominant hemisphere

v' where language is localized
v - Left hemisphere in the right-handed (96%)

e Left hemisphere
v’ categorical hemisphere

v’ specialized for the verbal and sequential
processing of higher functions

e Right hemisphere
v’ representational hemisphere

v’ specialized in nonverbal, nonmathematical
and non-sequential processing of higher

functions, (size or distances evaluation, o y
spatial construction...) Plasticity+++




- Higher order functions-

Wakefulness and awareness

From Dhaval Gajera, March 8, 2023


https://santacruzcore.com/author/jaimi/

Wakefulness

* «The vigilant organism is one that is not only ready
for action, but ready to carry out this action to the
best of its ability, whatever the circumstances.»
(Head)

 Allows an optimal interaction with the environment

28



- Higher order functions-

ReticUlapACtvating System

Projections

into

.| cerebral
\cortex

Hypothalamus
| Pon:

| Medull - /
| N\
y .\ Brainstem
\ 1\

Current Opinion in Newbiology

Visua ) ‘Auditory ..
impulses impulses Impact of numerous medications
Reticular formation - drowsiness
Descending
motor signals
to spinal cord

Ascending
sensory tracts
(pain, touch, temperature)

Awakening: Ascending reticular activating system (ARAS) (diffuse projections to both hemispheres)



Conscience/Awareness

* «Reportability»

* An information (visual, emotionnal, ...) is conscious when
* when we can relate it to ourselves
* and to others, whatever the mean (speech, gesture, behaviour)

* Mandatory integrity of
* ARAS
* AND of an interconnected network of neurons in the frontal and parietal areas

30



- Higher order functions-

(A) (B)

forebrain and
hypothalamus

Pontomesencephalic

Pontomesencephalic B T Sy

reticular formation

Conscience: frontoparietal network + ARAS

©20% Seaver Amociabe, .

31



- Higher order functions-

7'
Locked-in
Different states of consciousness (MCSD syndrome
' Healthy awake
- EMCS
. Sleepwalking @ subject
 Anesthesia g [ Absenceand
v partial complex
e Coma -% seizures Drowsiness
* Minimally conscious states < o
. - 7] Iight
* Vegetative state (unresponswe 2 Sleep
wakefulness syndrome) E Deep
g Sleep Dreaming
General
anaesthesia
Coma

Awareness (cortico-thalamic network)

32



- Higher order functions-
EMERGENCE

- o

functional communication and object use

f
MINIMALLY CONSCIOUS STATE +
MINIMALLY VN
CONSCIOUS command following
STATE
MINIMALLY CONSCIOUS STATE -
Full wakefulness, no
awareness; N Cortical \ A appropriate smiling/crying

localization to noxious stimulation
visual pursuit

metabolism 40-50%

VEGETATIVE STATE

.

- reflex movements
No wakefulness, no awareness eye opening

) . N0
N Cortlcal.metabollsm 50-70% COMA
(anesthe5|a) Bruno MA, J Neurol 2011

33



o *T)o)>

Coma

Unresponsive Minimally conscious state Emergence
wakefulness syndrome - -

Diagnosis of the state of consciousness following brain damage: coma, unresponsive wakefulness
syndrome (vegetative state), minimally conscious state minus, minimally conscious state plus and
emergence.

Wislowska et al. (2017) 34



How to measure nervous system function?

Electroencephalography
(LV)/CNS

Electroneuromyography
(mV)/PNS

(Sensory) evoked potentials
(LV)/PNS+CNS 35



- How to measure brain functions?

Electroencephalography (EEG)

>more details

Continuous recording of electrical oscillations as « wavy lines » on the computer, in real time

Thanks to electrodes attached to the scalp and connected to amplifier and recording consoles

Fast rythms ~ awake

Slow rythms ~ sleep, coma

36



- How to measure brain functions?

EEG- definitions - electrodes

Number : Equidistant positionning of the
0dd : left electrodes
Even : right Letter

A : Auriculaire
Fp : Fronto-polar
Frontal
: Temporal
: Central

F:

T

C

P : Pariétal
O : Occipital
Z

:median line

Point
Préauriculaire

Point
Préaurculaire

37



EEG

Electrode d'EEG

Déch hroni . . . .
sl e s « EEG measures brain electrical activity

* Recording of the simultaneous activity
of several thousand synchronous post-
synaptic potentials of the dendrites of
the pyramidal neurons of the cortex

Sommation = EEG

* The amplitude of the signal depends on
Décharges irrégulieres the degree of synchronization of these

neurons

Sommation = EEG

38



- How to measure brain functions?

-
I
) A L i
EEG - Definitions - (awake and sleep) (WY ’ur"*tr""'v”““’v“ﬁ'hj ", N{w
I
v" Oscillatory activity 1000 times smaller than ECG = ampli Fuzeaux 'L
v We measure the sommation of thousands of neurons of a specific region ] Complexes K
v/ Basic activity is defined by its frequency + sleep figures and reactivity
4-5 7-8 12 14-45 Hz
delta théta alpha béta
delta théta alpha béta
N~ NANS

M /!"v(‘b""\'/“‘-\/"'-'\\/ﬁ\y' \/%/\u.vl\"\/'b\ fllfvu",f I NVW\NWMWWNW “WWWWWW




EEG - Definitions - (coma) t reactivity
v" Oscillatory activity 1000 times smaller than ECG = ampli

v We measure the sommation of thousands of neurons of a specific region
v’ Basic activity is defined by its frequency

4-5 7-8 12 14-45 Hz

delta théta alpha béta

a
A 4

y 3
v
A
v
y 3
v

delta théta alpha béta

M ""v"bf'\.w"u’\/\; W\,'V/\’"‘f'l/‘q'ﬂ,'ﬂb'ﬁ/",‘ WNMWWMNWNW B L

ﬁﬂm\w A M W kﬂ \Jl\f\” PO IR T e 11 @WWM




- How to measure brain functions?

* O/C eyes (deep breath,
intermittent photic
stimulation)

* Quiet, eyes closed:

alpha rythm 8-12 c/s,
posterior,

symetrical,

vanishing at eyes opening
(reactive),

without modification induced by
deep breath and intermittent
photic stimulation

(5 Resaton opmne 2 Em0ng0gers, Comsonga Pl Dxe Nasea S 102 |||
- | IDNUR ey oo N NS Y SR, o S « RV RIS DURPN SV NG SR
| VTN T L T
0 M W/\/\/\‘)W (VA A A st A HA Ao o Pt »\,,,4 AV M s At A
e WWIW Y v“\f MY N\NWJ\M«M/WW\AAMWWMMV: wAvAuﬂvA“V v WA A
p2 mewwwfhm NWJANN\!I!»"‘%« MWM»\{MWMW'WM.\V [ MW oteeepul b vt
% WWWWMJ“{MN/MMfWWWMWVWMVNLVMW'W'MM%\@MMkMMMWMR o AR A At A7
e W] fwm, IVW (IR P, g rwww"«rﬂwxwmwM\rWW%W\V\WJWIWNMWMw ANy
o AT AN N B o I S e EYCev S AU MWV\N Y oA Ay
7y N R SR G YN DA NN P W%WMM&JWW \/JK\MWJ/\/A P
i R R e e S A ‘v'/\“\,w\/'\\d'w W M {/\\"‘ ”J‘“"MWM’WM : PN AN
I | | | ‘
e s e | Vet b S SR / W T P !
~—— VT e :
kS w«wwvm VAV AN AR, S At A fa AP A o s W P T ey WNMMM A
b WVWMW&M’\FM\WWQMWMWMMM Mwwwwamw"\ﬁl\wwv W{\/‘\WWWW\,“J\‘ A Wy
Rl e WM :Nwwmwvﬂ*wmywmmﬁ MMW B A TR ISR ARSI
| | i | |
s MWMMMWWMMM‘W it wwwﬁw,w&mmmwm@w it i
| | | |
Il W IR A s T SVl et A o il? s Wl RV VR ) [
o WJMV‘J W\/WVW iy W«MWWWWMM{W\, VV\/WM/\:’\I\[WW AN
e siimtnlinEalinlEnlaEnl el Elaliaiiay i
o ,l[?\[\4y‘l‘\‘11 BRI EN .

41
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- How to measure brain functions?

* First name and name calling, |
hands clap, painful - AN AANANIAA A ] o APAPAAAAA A A AN A VAN A A

stimulations when the v WA SN NAAAN A A A AN AN e A A A A A
patient does not follow

verbal command

.« . « . cLoz WWMMWWM\WWWMW
* Clinical and EEG reactivity |toows
(Sma”er and faster amplltude) EEEEEEEEEE S Ak e D S T T PO TIPS [ SR oS, (W SISy (U0, RPN | TRy e L .A,\ﬁs_v‘,

* Paradoxical reactivity: increasing . P A VA A YA\ e e AN N A A AT A A AL

of slow background activity

/SIRPID @01 AN A AN A N YN AN VNN NN N NS A SN ANAAM
* No reactivity w115 A A IAAIANAA AP o e A A Y AN e A AN A P AN AN
* Good prognosis in coma: o NN A e A Ao S VN AA A A N A P AP MW

fluctuating background activity

43



EEG matures with development

FP2-T4

FP2-C4

Ny | —

T ol B

FPI-T3

Premature new born 30 weeks

FP2-C4 WMWNW

w0z T A Sy oy po A
FP2-T4 WWWW/\‘WM

T4-02 WWWWW\VW

SLI

FP1-C3 WMWMMWMW

c3-01 WWMMW
FP1-T3 W“’“WMWWVVWWWW

T3-01 MWWWW\/WW
T4-C4 H\WMMM
s WWWWWVWW\J\N
e WAL A AR i ol

- WWWMNMMW
FzCz WWWWW
. MNMWWWWM

18 months year old child

FP2-C4 wMW«WWMWWWWWWW‘MMW«M
CATA  wrmmbpdyaentans g AR it in

SLI

FP1-C3 WWMMMWMMWWMW%WWMWWM
C3-T3 el b A A M N Yt

T4-C4 WMWWWWM
CA-CZ  rommps | st AN A AN AT S et g T s

Cz-C3 Aoy, et g shon e A Vi oA e

€3-T3 WWAWWWWMM“WMMWMMMW

FZ-CZ  ry o imf s Nttt s A S A Aty ot frninets
€z-Pz A I AR i ar e AN AT Ay

ECG Wﬂf\/www

adult



Auditory evoked potentials

General principle of EP: « to measure the
sommation of electrical activity in a given
area after repetitive sensory stimulation »

Auditory earphones with consecutive sounds

XXX XY =there is automatic detection of
novelty Fz-A2

100ms/D
5uV /D

A series of regulary sounds that follow a global
rule that the patient must pay attention to:

= Standard
(/2 Déviant

‘\‘I‘ ------ Différence
XXX XXXXY XXXXY XXXXY XXXX £300
A series of sounds in which a modification of the
rule occurs randomly:
XXX XXX XUXXX XXXXY XXXX Azabou E med int rea 2017

45



)
A a

b) Fz-Nz
Cz-Nz

Pz-Nz

=
2 Nz
=

EOG

MIM2- (e

C) Fz-Nz
Cz-Nz
Pz-Nz

Nz
EOG

Mim2- ¢

JJJdd2 e idididddd®idl

d)

2 pv

100 ms

(Fz-Nz) — (M1M2-Nz)

A. The oddball paradigm (a) consists of delivering rare sounds (in red) during a sequence of frequent
sounds (in blue). Trials obtained from rare (b) and frequent (c) sounds are averaged (d) showing the
P1/N1 complex followed by a voltage difference between both conditions peaking around 200 ms, which
is the mismatch negativity (MMN). The plot of the subtraction trace can help in identifying the MMN (e).
The MMN is usually maximal in Fc or Cz as represented in a topo-plot of the subtracted voltages (f).

46

Andre-Obadia N, Clin Neurophysiol 2018



- How to measure brain functions?

Auditory evoked potentials

M Peporie PRE samvaea
N400 please Woghpse

150
N400, sensitive to language D Cemosaange w100
[Répeaise PRE
« Recorded » when the last word of the G ‘/ TN phs e Loghoee

sentence is not congruent with the a0
begining of the sentence: « I'm going to go % : : /
for a swim.... on the highway » 1000 1500

Time (ms)
e ———————————————

47



- How to measure brain functions?

Auditory evoked potentials

Standard
Déviant
N1 Diff = Dev-Std
l MMN
/
;¥;,1'\ f AN D _.. Good prognosis when present (specificity 90-100%) (does not
N,' A rule out a severe disability including MCS)

N1 -
l 1;1VI

Mauguiere F EMC 2007
48



Coma Definition

* Clinical
v'gr. kbma, deep sleep (=)

v’ Vigilance disorder little or not
reversible under the influnce of
stimulation (Plum & Posner)

* EEG

v « sleep » EEG but not responding to
various types of stimulations

v'Depth of coma

v’ + specific abnormalities in relation
to the cause

49




Brain injury in critical illness

Neurologic illness Non-neurologic illness . -
* Traumatic brain injury  Acute respiratory distress

* Stroke syndrome

* Cardiac arrest * Sepsis

* Status epilepticus * Shock

* Encephalitis / meningitis  Major (cardiac) surgery

50



Brain injury in critical illness




Factors impacting coma prognosis

Acute (neurologic) illness

[—]

ln— >

Neurotoxicity

Sedation
Antibiotics

Immobilisation Environnement
Predisposing Restraints Noise
Catheters... light exposure

factors

From Romain Sonneville

Neurological
outcome ?

52



- Clinical question: how to evaluate coma prognosis?

N\ Quality of life
EQ-5D, SF36

MRI Transcranial
PET scan Doppler Mental health
Clinical HAD, IES-revised
examination ’
Y 4 ( Cognition
MMS-E, MOCA
& @ RBANS
OO .
% Brain - Functional
\\ @‘© / injury = disability

Rankin, GOS-E

Blood

EEG Biomarkers

Evoked potentials  (NsE, 51008, NFL ..) Mortality

From Romain Sonneville o



- Clinical question: how to evaluate coma prognosis?

Cellular mechanisms (Excito-oxidative Cascade of Events that Mediate Hypoxic-Ischemic Brain Injury)

Astrocyte

Oxygen
Glucose

Increased

Glucose
Oxygen

synaptic a
glutamate -
@ Capillary ‘ .
9 @ ¢ .n
o0 o < %
%% 0%%4%% © °% ¢ {’ BT [ Na Nat, K'-ATPase
o _0 9
o % L]
Y AT Na*

NMDA TR VDCC
receptor channel

N v
nNOS =% NO-  Mitochondrial
dysfunction

NN —» Cecross >
»

Oedema

receptor

Oxidative
stress Lactic acidosis

From Romain Sonneville ”



* > 50% of patients after cardiac arrest are still comatose D3-D5 after
admission in the intensive care unit

» 2/3 of these patients die of a neurological cause

Number of dead patients (n)

W death from neurological injury n=1150

[ death from post cardiac arrest
shock

1

2

3

4 5 6 7 8 9 o 1

12 13 14 »>14

Delays betwen ICU admission and death (days)
55

Lemiale V et al, Intensive Care Med 2013; 39: 1972-80



- Clinical question: how to evaluate coma prognosis?

« Silent epidemic »

Papers

19 1971 1976 1981 1986 1991 1996 2001 2006
Year

The issue is to be alive...without being disabled Laureys Cur Op Neurol 2006 .



- Clinical question: how to evaluate coma prognosis?

* To inform relatives as early as possible

* To avoid to maintain useless therapeutics in hopeless patients

57
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e
\$®

* In post-cardiac arrest patients

* In patients still in coma at 48h-72h

* Without adaptive response after stimulation a stimulation
(GCS motor =1-2)

* Taking into account any confounding bias...

58



Example of biological biomarkers correlated to neurological outcome

< O R

* S100beta

e astrocytes, BM, fat, skeletal
muscle

* Rise <24h after brain insult

NSE, Neuron specific enolase
neurons, platelets, red blood
cells, tumors

Rise <6h after brain insult

Blood Sampling
and Analysis

24 48 72
Hours

59




- Clinical question: how to evaluate coma prognosis?

A 3001 24 h
n="73 pts

NSE [ng/mL]
N
s

-
o
o
1
[ ]

Huntgeburth et al., Neurocrit Care 2014, 20: 358-66 60



- Clinical question: how to evaluate coma prognosis?

In summary

* NSE : high values (> 50-60 pg = L'!) and increase at 48h-72h post CA
-> Bad prognosis

* Repeated measures +++

* False positive

61



- Clinical question: how to evaluate coma prognosis?

|

A !

L

Examples of grades of EEG correlated to
neurological outcome

g~ A A=t

Suppressed background
(amplitude <10 mV,
100% of REC)

without discharges.

= t00uvV——
L 1 sec
3urst-suppression o e .1 T e i
‘periods of suppression
-50% of REC) without [~
discharges.

-
_NR\,_

_..-_\’M~ e

SR (S M

Suppressed background
with superimposed
continuous periodic
discharges.

|

Burst-suppression with
superimposed
discharges.




- Clinical question: how to evaluate coma prognosis?

Example of EEG reactivity correlated to neurological outcome

EEG channel

Clap Time (min)
0 1.20
L ! >
Fp2-C4 SV Nty AANAR A NAPA S PRA AN I AV AN et T AN A A
(4-02 e e e e R A ¥ e e e Y R A Valhal hara WAVl LV B
FP2-T4 o A MAAAAAN AR A AN A A eAs A an A A AL At m A~ AN
LV: Dy ZSSREARASEY SRS FENEA RPN SV EESSY SRRNN WS SREEE EREES REyas SEpEN O RN
T4-G | fnnnpn N smmn, s an oINS L N ™
G13 AN AN AN ARSIV AN T AN AN
FPET3 A MM A AR MAAAAA At it VR A
30 PRV IEARRESE RV ES N L A SN ESUEY FIAST SRS ERREAREY . ISERES SREPE BRI EY CEREN SRS RS LN
Fpl-G3 A M v N A A AN £~ A s R AT
(3-01 e A A T e AR A AR A A A A AR A T A U pA
EKG , . K
RESP " N

Rossetti A, Lancet Neurology 2016
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- Clinical question: how to evaluate coma prognosis?

Neurological prognostication of outcome in patients in
coma after cardiac arrest

Andrea O Rossetti, Alejandro A Rabinstein, Mauro Oddo

Time () after cardiac arrest __1

NSE

MRI

Step 3

Targeted temperature
management and sedation

Lancet Neurology 2016

64



- Clinical question: how to evaluate coma prognosis?

65



- Clinical question: how to evaluate coma prognosis?

A mathematical solution to a clinical issue

* Electrophysiological expertise is rare and time consuming
* Often difficult to interpret in the intensive care unit setting (artefacts, electrical environment)
* Combined assessment remains unsatisfactory with a gray zone for many patients

- Aim: a tool easy to handle which does not demand any neurophysiological expertize with high

accuracy P ? \ ‘_%
) “\

?@-4)'*?

c‘:- ?- ‘-,?

* Hypothesis: to take into account the whole amount of data generated by cortical activity and classify
patients according to reasonable fluctuation using EEG and AEP
* Aim :to generate a probabilist classifier



- Clinical question: how to evaluate coma prognosis?

* In 29 patients post CA (D3-D7)

* From electrical signals recorded from AEP
el (taking the whole amount of data and not only
) the temporal window of MMN)

A mathematical solution to a clinical issue

* Development of an algorithme predictive of
neurological prognosis at the discharge of the
ICU—-o0onCz

A. Maps associated to standard stimuli
10 104

o P Gaussian
IS os v
o - Hi
S >
S 0.6 ’ g—
o 3
g " g
s
o Mo o
. = 0.0 X X ind
_ Biomarkers| 2 " similarity * simiarity
J < B. Maps associated to deviant stimuli
kel
Figure 1 Multimodal approach to assess prognosis in comatose survivors after cardiac arrest treated with hypothermia. The multimodal S i 3
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Perspectives
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B. The subject’s own name paradigm (SON) consists in delivering the SON during a sequence of
sounds similar to the oddball paradigm (g). Trials obtained from the SON (h) are averaged (i)
showing two consecutive positivities peaking around 420 ms and 530 ms, called P3a and P3b,
respectively. Usually, it is difficult to disentangle these two components of the P300. In addition to
their latencies, their topographies are different (h) with a more posterior P3b and a more anterior
P3a. To help to distinguish between VS and MCS.

Andre-Obadia N, Clin Neurophysiol 2018
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*

>12h after coma
onset or >24h after
sedation arrest

Towards the development of step by step decisions trees....or IA algorithms

POST-ANOXIC COMA
First Step

EEG * 2 or monitoring

NS

.| BAEPS and MLAEPS (1)

SSEPs
VEPs (2)

* %k

Second Step

EEG criteria for bad
outcome

Reactive EEG or good
evolution of EEG: low
predictive value for
consciouness
recovering

react}lvg EEG or good evo]utlon of EEG: Igw EEG criteria for bad outcome
predictive value for consciouness recovering

N\ N

N/

S

Present N20: Low predictive value for consciouness recovering

* %k %k

absent N20 +/-
absent MLAEPS

absent N20

N

N4

I Present MLAEPS ‘

N/

NS

+/- absent MLAEPS

’ N100/P3/MMN

N7

Nearly 100%
predictive value of
death or permanent
vegetative state

Consider imagery,
N100/P3/MMN before
considering bad
outcome

MMN or P3 present: High PPV

* no evolution to death or permanent VS

® But no predictive value of the degree
of cognitive impairement

MMN or P3 absent: Low NPV
(16% of awakening without MMN)

Interest of active protocols

Andre-Obadia N, Clin Neurophysiol 2018
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