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Introduction : a quelle onde se vouer ...

I. Accessible ou élitiste ?
" Notions d’interprétation de I'EEG
" EEG quantifié

Il. Utile ou futile ?
" EEG continu et crises / états de mal non — convulsifs
= EEG continu et détection de l'ischémie cérebrale retardée

lll.Conclusion : vers un monitorage de routine ?
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. Accessible ou élitiste ?

Notions d’interprétation EEG quantifié : domaine temporel EEG quantifié : domaine fréquentiel |

Rythme de fond

Beta
[12-30 Hz]

Alpha ;l U HU; 10 Hz

[8-12 Hz]

Theta i l u l l E

[4-8 HZ] E |

o W
(1-4 Hz] | |

Ehts21 0

BRAR IR i1 3 sttt e
N B S

Sid st
LR R

duration measured 20 to <70 ms 70 to 200 ms

at baseline

spike sharp wave polyspike

(which is (which is (which is
epileptiform) epileptiform) epileptiform)




|. Accessible ou élitiste ?

Rythme de fond

FIGURE 17.1
- Generalized desynchronized alpha and theta activity with intermixed delta activity, as seen in mild
_~ _+_ encephalopathy.

Beta
[12-30 Hz]

FIGURE 17.2
Generalized high-amplitude delta activity with intermixed alpha and theta activity, as seen in

moderate encephalopathy.
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FIGURE 17.4

Low-amplitude delta slowing intermixed with theta activity, nearly continuous, which is consistent wif

encephalopathy.
!

It e e Vs e e ¥

s Wi {3 K

I
: 1sec

gR3ag ddyg 2RIF FoIF




........
. o

. Accessible ou élitiste ?

Notions d’interprétation EEG quantifié : domaine temporel EEG quantifié : domaine fréquentiel |
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Notions d’interprétation EEG quantifié : domaine temporel

sharp sharp sharp sharp sharp sharp
wave wave ‘wave wave wave wave
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Activités périodiques

Activités rythmiques

cycle length 1 cycle length 2

[ | [ |

length 1

cycle

Encéphalopathie :
toxique, infectieuse,
métabolique ...

Epilepsie :
états de mal, crises

non — convulsives ...

no inter discharge interval
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Notions d’interprétation EEG quantifié : domaine temporel
ACNS GUIDELINE

American Clinical Neurophysiology Society’s Standardized
Critical Care EEG Termi

Lawrence J. Hirsch,* Michael W.K. Fo
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Carolina B. Maciel,## Emily J. Gilmore
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B. SPORADIC EPILEPTIFORM DISCHARGES

C. RHYTHMIC AND PERIODIC PATTERNS (RPPs)

D. ELECTROGRAPHIC AND ELECTROCLINICAL SEI-
- ZURES [NEW, 2021]

'E. BRIEF POTENTIALLY ICTAL RHYTHMIC DIS-
- CHARGES (BIRDs) [NEW, 2021] ;
~_ F. ICTAL-INTERICTAL CONTINUUM (IIC) [NEW, 2021] :
~ G. MINIMUM REPORTING REQUIREMENTS :
H. OTHER TERMS
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Notions d’interprétation EEG quantifié : domaine temporel EEG quantifié :

Amplitude

e B >

Fréquence
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Notions d’interprétation EEG quantifié : domaine temporel> EEG quantifié : domaine fréquentiel
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EEG d’amplitude

EEG Waveform Left

upper border lower border

Figure 1. Formation of the aEEG Tracing.

Bruns N, Blumenthal S, Meyer |, Klose-Verschuur S, Felderhoff-
Muser U, Muller H. Application of an Amplitude-integrated EEG
Monitor (Cerebral Function Monitor) to Neonates. J Vis Exp.
2017;(127):55985. Published 2017 Sep 6. doi:10.3791/55985
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El-Dib M, Abend NS, Austin T, et al. Neuromonitoring in neonatal critical care part I: neonatal
encephalopathy and neonates with possible seizures. Pediatr Res. 2023;94(1):64-73.
doi:10.1038/s41390-022-02393-1
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Notions d’interprétation EEG quantifié : domaine temporel

Densité de puissance spectrale

B Components of EEG between
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Notions d’interprétation EEG quantifié : domaine temporel E

Densité de puissance spectrale

D 3D Spectrogram (Compressed Spectral Array) E  Spectrogram (Density Spectral Array)
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Zafar SF, Amorim E, Williamsom CA, et al. A standardized
nomenclature for spectrogram EEG patterns: Inter-rater
agreement and correspondence with common intensive care
unit EEG patterns. Clin Neurophysiol. 2020;131(9):2298-
2306. doi:10.1016/j.clinph.2020.05.032
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Il. Utile ou futile

-, HHS Public Access

/§C' Author manuscript

J Clin Neurophysiol. Author manuscript; available in PMC 2016 April 01.

Critical illness Neurofunctional status Continuous EEG

Published in final edited form as:
J Clin Neurophysiol. 2015 April ; 32(2): 87-95. doi:10.1097/WNP.0000000000000166.

No return to neurofunctional
baseline after antiepileptic therapy

and/or

concern for ongoing seizures

Status epilepticus

Consensus Statement on Continuous EEG in Critically lll Adults
and Children, Part I: Indications

'g‘ [Traumatic brain injury ) Susan T. Herman, M.D.", Nicholas S. Abend, M.D.2, Thomas P. Bleck, M.D., M.C.C.M.,
$a : e e F.N.C.S., F.C.N.S.3, Kevin E. Chapman, M.D.%, Frank W. Drislane, M.D.!, Ronald G.
2= | Subarachnoid haemorrhage of consciousness
2% Emerson, M.D.%, Elizabeth E. Gerard, M.D., Cecil D. Hahn, M.D., M.P.H.7, Aatif M. Husain,
% S [ Encephalitis M.D.8, Peter W. Kaplan, M.B. B.S., F.R.C.P.2, Suzette M. LaRoche, M.D.'?, Marc R. Nuwer,
27 [intracerebral haemorrhage Y—— M.D., Ph.D."", Mark Quigg, M.D."2, James J. Riviello, M.D."3, Sarah E. Schmitt, M.D."4,
g2 _ - Liberty A. Simmons, R. EEG T., CLTM, CNIM, R. NCS T. CNCT'S, Tammy N. Tsuchida, M.D.,
? n I Ischaemic stroke [ Undetermined 16 . 17
z E Ph.D."'®, and Lawrence J. Hirsch, M.D.
s S Rhythmic and periodic patterns A
I All neurologicalill along the ictal-interictal continuum
i, —
L% T i | - . . : o
£ 3 [ Lneiplolned sered g A. Diagnosis of Nonconvulsive Seizures (NCS), Nonconvulsive Status Epilepticus (NCSEJ;
=z g c | Primary brain injury consciousness <
3= ~.and Other Paroxysmal Events
=

Strength of recommendation for cEEG

D Minor D Moderate . Strong

Figure 2 | Recommendations for the use of continuous electroencephalography (cEEG) monitoring in critical
illnesses. The strongest current recommendations for detection of seizures or status epilepticus in critically ill patients in

the intenstive care unit are represented. Information obtained from Claassen, |. et al. Int. Care. Med. 39, 1337-1351 (2013)™.

B. Assessment of Efficacy of Therapy for Seizures and Status Epilepticus

@entiﬁcalion of Cerebral Ische@

D. Monitoring of Sedation and High-Dose Suppressive Therapy

Sutter R, Semmlack S, Kaplan PW.
insights into the invisible. Nat Rev Neurol. 2016 12(5) 281-293.
doi:10.1038/nrneurol.2016.45 :

E. Assessment of Severity of Encephalopathy and Prognostication
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EEGc et état de mal non — convulsif > EEGc et crises non — convulsives

| Status epilepticus should be controlled

| Treatment should be started |

t1 t2
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Stage | 80 1
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= o 5 60
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e Tl 5 40 1
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l . l 2 30 -
3 10 min 60 min 20 1 16; 15% ’
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impairment of
consciousness 0 - - -—u
. *, Altered mental Speech Myoclonias Bizarre behavior ~ Anxiety Agitation  Extrapyramidal Hallucinations
= * status disturbances Delirium signs
< tl L 12
. FIG. 1. The most frequently reported symptoms of nonconvulsive status epilepticus in the literature [numbers extracted from
B a systematic review of the literature identifying 105 cases (Sutter et al., 2012)].
p Y g
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Absence status
epilepticus
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d to Detect Subtle and Nonconvulsive Status Eplleptlcus in
CI|n Neurophysiol. 2016;33(1):25- 31
900000000000216
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diagnostiquer
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ICU patients Seizures Status epilepticus
I

|
" o | (Bleck et al., 1993; Gofton
Non—neuro!oglcaly il - | et al., 2014; Marcuse et al., |*

| 2014; Oddo et al., 2009)

(Bleck et al., 1993)

(Giroud et al., 1994; Carrera
etal., 2006)

(Labovitz et al., 2001;
Velioglu et al., 2001)

Ischemic stroke .

| (Claassen et al., 2006;

| Claassen et al., 2003; Hart
| et al., 2011; Martinez- -
! Manas et al., 2002;

| Olafsson et al., 2000)

(Claassen et al., 2006;

Subarachnoidal hemorrhage - Hirsch et al., 2004)

(Bateman et al., 2007; De
Reuck et al., 2007; Sung
and Chu, 1989)

| Claassen et al. 2007; Faught
: et al., 1989; Kilpatrick et al.,
| 1990; Passero et al., 2002;

: Sung and Chu, 1989)

Intracerebral hemorrhage S

= | NCSE : frequent ++

| (Crepeau et al., 2014;

Hypoxic-ischemic encephalopathy ——  Krumholz et al., 1988; Levy (Rossetti et al., 2009)
| et al., 1985; Snyder et al.,
| 1980; Zandbergen et al.,

: 2006)

. . . | Claassen et al., 2004a;
Infectious or noninfectious S Kramer et al., 2012; Schmitt -

encephalitis | etal., 2012
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: |
|
| (Bladin et al., 2000; |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
} Claassen et al., 2004a
|
|
|
|

| (Hirsch et al., 2004; Ronne-

|
! ]
I

Traumatic brain injury = I (vablon, 1993) - | Engstrom and Winkler, k- H H [
: : 2006; Temkin et al., 1990; g Iagnos |C .
I
I

| Vespa et al., 2007)

T T T T T
10 20 30 40 50

% 1 % 5y ] ] [ ]
pEmasl isox |42 Nkl weess B intermittent suffisant ou

FIG. 2. The occurrence rates of seizures and SE in critically ill patients. SE, status epilepticus.
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Sutter R. Are We Prepared to Detect Subtle and Nonconvulsive Status Epilepticus in
Critically Il Patients?. J Clin Neurophysiol. 2016;33(1):25-31.
doi:10.1097/WNP.0000000000000216
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Epileptiform discharges

No epileptiform discharges

Clinical suspicion of NCSE

| .

¢ ¢ Continuous (quasi-) rhythmic alet
Frequency >2-5 cycles per s* Frequency =25 cycles per s delta-theta activity with 1%t change: 5 Hz to 3 Hz 2" change: 3.0 Hz t0 2.0 Hz
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Cycle 1 23 T % 3 1 2 3
y v
; ! i i 1 i I |
Typical Subtle clinical ictal IV AED Fluctuation 1s 2 3 as s 6 7 gs time
spatiotemporal phenomenon during the EEG without
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¢ ¢ A 4 1s 2 3s 4s 5s 6s 7s 8s time
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Figure 1: Salzburg EEG criteria for the diagnosis of NCSE
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Location 1: Location 2: Location 3:
anterior anterior + central wide field parasagittal
(F3) (F3+C3) (F3+C3+P3)

" Leitinger M, Trinka E, Gardella E, et al. Diagnostic accuracy of the Salzburg EEG
criteria for non-convulsive status epilepticus: a retrospective study. Lancet Neurol.
2016;15(10):1054-1062. doi:10.1016/S1474-4422(16)30137-5




Longitudinal bipolar montage

Longitudinal bipolar montage

Il. Utile ou futile ?
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ime of cEEG monitoring to record first seizure [h]

Figure 1. Time elapsed between start of continuous EEG

. R . . Time of cEEG monitoring to record first seizure [h]
(cEEG) monitoring and detection of the first seizure (n =

110). *Three of these nine patients had nonconvulsive sei- Figure 2. Time to record the first seizure, comparing nonco-
zures as well. matose and comatose patients. cEEG = continuous EEG.

Claassen J, Mayer SA, Kowalski RG, Emerson RG, Hirsch LJ. Detection of electrographic seizures
with continuous EEG monitoring in critically ill patients. Neurology. 2004;62(10):1743-1748.
doi:10.1212/01.wnl.0000125184.88797.62

Un EEG de 20 minutes ne suffit pas

Doit — on équiper tous les patients ?

Overall probability of seizure within the next 72 hours

>

30

25

20

Probability (%)
-

0 2 4 6 8 10 12 14 16 18 20 22 24

Time (hours)
B Probability of seizure within the next 72 hours
40
30
3
z Epileptiform
3 20 abnormalities
3
<]
—
a
10 No epileptiform
abnormalities W
0
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hours)

Westover MB, Shafi MM, Bianchi MT, et al. The probability
of seizures during EEG monitoring in critically ill

adults. Clin Neurophysiol. 2015;126(3):463-471.
doi:10.1016/j.clinph.2014.05.037
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EEGc et état de mal non — convulsif EEGc et crises non — convulsives

Figure 4. 2HELPS2B Clinical Algorithm

Hospitalized patient with altered mental status
or clinical event suspicious for seizure

!

1-h Screening EEG (IV sedation minimized)?

Figure 1. Risk-Calibration Graph of the Error for the 2HELPS2B Model
in the Initial Study Cohort and the Validation Cohort
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Atleast 24 h Atleast12 h No need for
of cEEGP of cEEG cEEG

A

!

If increase of

2HELPS2B to=2
during 12 h cEEG

If a seizure is detected at any time (including in the 1-hour screening

- electroencephalogram [EEG]), there is a recommendation for at least 24 hours
- of EEG monitoring after the last seizure.** cEEG indicates continuous EEG
monitoring; D/, discontinue; FNR, false negative rate.

2 For patients with coma, a screening EEG of up to 90 minutes may be

considered.

b |n cases of ictal-interictal continuum patterns, which are common in those
with a 2HELPS2B score of 2 or greater, a longer duration of monitoring may be
required for empirical treatment trials.
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Table 2. Primary Outcome (Mortality at 6 Months) and Functional Outcomes Across cEEG vs rEEG (Poisson Regression Models
for Categorical Variables [Mortality] and Linear Regression Models for Continuous Variables [A mRS and CPC])?

'EEG (n = 182 CEEG (n = 182 Crude Adjusted for CCl, cardiac arrest CERTA T . I
utcome No. lénf No. lénf Retative risk (0% ¢1) Pvalue Retative rsk (950 ¢ Pvalue I rl
I Mortality at 6 mo, No. (%) 88 (48.4) 89 (48.9) 1.01(0.82 to 1.25) 92 1.02 (0.83t0 1.26) .85 | ,' a
Median (range) Median (range) Regression coefficient P value Regression coefficient P value ‘
A mRS at 6 mo, survivors 1(-5to4) 1(-3to5) 0.65(0.13 to 1.16) .01 0.63(0.13to1.14) .01 i EEG COﬂtinu VS Intermittent o
CPC at & mo, survivors 2(1to4) 2(1to4) 0.08 (-0.17 to 0.34) .52 0.08 (-0.18 t0 0.33) .55 : - -
). 3 [d V' é
= = — = s | - Morbi — mortalité NS
Table 3. Exploratory Analyses: Associations of Secondary Outcome Measures With EEG Type?® - Plus de dlagnOSth de NCSE et
@ ’ o ’ [
No. (%) d’adaptation thérapeutique
rEEG cEEG Relative risk
Outcome (n =183) (n = 185) (95% CI) P value
Features of ictal-interictal continuum detected, 102 (55.7) 128 (69.2) 1.24(1.06-1.46) .009 ee e
without seizures/SE )
Seizures/SE detected 8 (4.4) 29(15.7) 3.59(1.68-7.64) .001
Changes in antiseizure drug prescription within 60 h 21(11.5) 39(21.1) 1.84(1.12-3.00) .01 _ 245 Y- VS H
following start of EEG interventionE Heterogenelte pathOIogles
Changes in sedation prescription within 60 h following 8(4.4) 13(7.0) 1.61 27 H H
start of EEG intervention® (0.683-3.79) - EXCIUSIO" patlents avec
Need of additional EEG after intervention 41(22.8)° 56 (31.1) 1.37(0.97-1.93) .08 H H H
indication de cEEG (SE)
In-hospital infection requiring antibiotics 56 (30.8) 47 (25.7) 0.82(0.61-1.11) .20
Length of ventilation need, median (range), h 123 (0-837) 138(0-1214) NA A7
Length of hospital stay in survivors, median (range), d (22563 B (2{*;;5 T NA 84 Rossetti AO, Schindler K, Sutter R, et al. Continuous vs
: : - : : | : : Routine Electroencephalogram in Critically 1ll Adults With
Time to death since randomization, median (range), d 8.5(0-157) 6(0-176) NA 07

Altered Consciousness and No Recent Seizure: A Multicenter
e e Randomized Clinical Trial. JAMA Neurol. 2020;77(10):1225-
1232. doi:10.1001/jamaneurol.2020.2264
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EEGc et état de mal non — convulsif EEGc et crises non — convulsives EEGc et détection de I'ischémie

Activités paroxystiques et demande métabolique cérébrale
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poto2  08- 1 \\
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0.7 . S
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FDs

. D1 - D2 NN A '“\f Wh/\j\\! Vi 5 M\M A e ) PP
i 02- Dvwwwbt\/vm \/\—{“L/W\v\ s MCW 0.6 - L1 . :
- D3 - D4 > Y4 N \\\ w\fp\ \ -~/ \N X . . . 1 1 PEO2
N D\ﬂ o \r%“\f\f N s -10 5 0 5 10 15 B |
: . S i e § RS Time relative to onset of high frequency (>1.5Hz) PDs [min] —
.'&; D6 - DTN ‘;:\_L e S aoouru, ey I s

T e e R s ey LA Figure 3. Interstitial brain oxygen (PbtO2) at the onset of high frequency periodic discharges R ==

Figure 1. Four examples of periodic discharge frequencies on dEEG in four patients (2.0 Hz) 8

* Witsch J , Frey HP, Schmidt JM, et al. Electroencephalographic Periodic Discharges and Frequency-Dependent Brain Tissue Hypoxia in Acute Brain Injury. JAMA Neurol. 2017;74(3):301-3009.
doi:10.1001/jamaneurol.2016.5325
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EEGc et état de mal non — convulsif EEGc et crises non — convulsives

EEGc et détection de l'ischémie

RS i

CBF (ml+100 gemin) EEG Change

Cellular Response

Normal —

*Decreased Protein
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Loss of Faster Ll
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Data from [2,4].

Frequencies (4-7Hz) [T | eDeclining ATP
EEEr s s EsAreRE R AR e FassEs s EEs R R .---..--'sd‘emic
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Increasing Slower Pump Failure
Frequencies (1-4 Hz) sIncreased Intracellular
Water Content
................................................... « «Infarction
Threshold
eCalcium Accumulation
Suppression -~ eAnoxic Depolarization
*Cell Death
Figure 1.The relationship of cerebral blood flow to electroencephalogram (EEG) and pathophysiology. ATP, adenosine triphosphate (CBF). b -

......

in ischemia. Crit Care. 2012;16(2):216. Published 2012 Dec 12.
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EEGc et état de mal non — convulsif EEGc et crises non — convulsives

Performance measures for DCI prediction following SAH using cEEG monitoring, stratified by composite

admission risk score

Table 3

Low Risk [risk score =1] Medium Risk [risk score =2.5] High Risk [risk score = 4]

Table 2

Sensitivity (%) 91 [81-98] 94 [88-99] 95 [87-99] o o _ )
o Univariate association between time-dependent predictors and subsequent DCI
Specificity (%) 83 [71-93] 80 [69-90] 77 [36-99]
LR+ 5.37[3.1-13.2] 4.7[3.0-9.8] 4.2 [1.5-66.3] DCI(@=52) NoDCI(n=51) OR|[95%CI]  p-value
LR~ 0.1 [0.02-0.24] 0.08 [0.02-0.15] 0.06 [0.01-0.22] I Any EEG alarm documented 96.2% 19.6% 102.5[21.3,494]  <0.01 I
PTP (%) 37 [25-50] 58 [50-66] 79 [61-92] Worsening slowing, ADR or RAV 63.5% 17.7% 8.11[3.25,20.2] <0.01
ART (%) 39 [2_6—51] 29 [2 1-36] 15 [4-28 ‘Worsening focal slowing 15.4% 7.8% 2.14[0.60, 7.60] 0.19
PPV (%) 76 [58-90] 87 [79-94] 94 [79-100] Worsening ADR 32.7% 9.8% 447[1.50,133]  <0.01
Worscning RAV 423% 2.0% 36.7[4.70.286.11]  <0.01
ARR (%) 32 [20-43] 48 [39-57] 60 [30-77] o [4.70, ]
New epileptiform abnormality 63.5% 7.84% 20.4 [6.36. 65.5 <0.01
I NPV (%) 94 [87-99] 90 [81-98] 81 [47-97] I
Sonographic vasospasm
DOR 32 [16-448] 3724321 698 -4204] Maximum PSV > 200 em/sec 75.0% 45.1% 3.65[1.58,842]  <0.01
NNM 2.6(2.0-3.8] 3.5(2.8-4.8] 6.7[3.6-25.3] Maximum PSV > 250 cm/sec 57.7% 33.3% 273[12,6.1] 0.01
Maximum PSV > 300 em/sec 30.8% 19.6% 1.80[0.73,4.52] 0.14

ARD = alpha-to-delta ratio; CI = confidence interval; DCI = delayed cerebral ischemia; EEG = electroencephalography; PSV = transeranial
Doppler ultrasound peak systolic veloeity; RAV = relative alpha variability.

:‘; electroencephalography predicts delayed cerebral ischemia after

al o, La4aldl oI, ©

subarachn0|d hemorrhage A prospectlve study of diagnostic accuracy. Ann Neurol. 2018;83(5):958-969.
doi:10.1002/ana.25232
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Figure 3. Delayed cerebral ischemia (DCT) probability as a function of postbleed time for
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Rosenthal ES, Biswal S, Zafar SF, et al. Continuous electroencephalography predicts delayed cerebral ischemia after
subarachnoid hemorrhage: A prospective study of diagnostic accuracy. Ann Neurol. 2018;83(5):958-969.

doi:10.1002/ana.25232
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I. Accessible ou élitiste ?
" EEG quantifié
/. Utile ou futile ?
" Etat de mal et crises non — convulsives = > diagnostic
difficile
" [schémie = > Monitorage multimodal de I"HSA

Ill.Conclusion : vers un monitorage de routine ?
= [(IDE + Rea) x EEG quantifie]Neuroiogtes = Scope EEG @
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