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Outcomes following admission for out-of-hospital cardiac arrests

Perkins et al, Brain injury after cardiac arrest, Lancet, 2021

Epidemiology

40 000 CA per year

60 % CPR

20 % ROSC



Hypoxic ischemic brain injury range from
mild to severe

Hypoxic ischemic brain injury

=> Considerable between-patient heterogeneity in the disease 
mechanisms and response to therapeutic interventions

ICM 2025

Homogeneous brain injury ? 

A. Cortex – grey matter; B. White matter; C.Hippocampi; 
D. basal ganglia; E.thalamus



N= 979 patients awake during ICU stay

Resuscitation 2024

HIBI: time is brain !

Delayed awakening with good outcome could happen

Risk factors : midazolam, age > 59, acute kidney injury, post resuscitation shock

Paul et al ICM 2016 
Paul et al Resuscitation 2018



• ERC-ESICM guidelines 2025: « coma ≥72h after CA, without confounding factors » 

Þ Avoid early WLST secondary to suppose severe and irreversible hypoxic ischemic brain injury

• Potential complications after CA: 

When should we start neuroprognostication ?

Cardiac
Arrest 

Post resuscitation
/ cardiogenic/ 
obstructive shock: 
eCRP ?

Mesenteric ischemia: 
surgery ?

ARDS: prone
position? VV ECMO

AKI: dialysis ? 

H-0 H-3 H48-72 H72

Neuroprognostication

H72-96

Brain death

Day 7

Always sedated
patients 



H-0 H-24 H-48 H-72

• Prognostic markers could influence early decisions:  

When should we start neuroprognostication ?

CPR data:
NF, LF, initial rythm
Bystander CPR
Epinephrine dose 
Lactate - pH

NSE 
EEG
SSEP
Myoclonus
Brain CT scan

NSE
EEG
SSEP
Myoclonus
Brain CT scan

Neuroprognostication

Not too early
Avoid inappropriate withdrawal Not too late

avoid futile treatments

Could be helpful for withholding therapies but not for withdrawal life sustaining therapies

Coma or vegetative state at 24 days after CA : awakening is rarely oberved if no confouding factors

Hayamizu, resuscitation 2023



We need robust markers for 
neuroprognostication! 

To predict poor outcome: 
High specificity > 95%

false positive rate < 5% 
Good sensitivity

To predict good outcome: 
High Predictive positive value (PPV)

Good sensitivity
Self fulfilling prophecy

How can we predict neurological outcome? 



• Most studies were at moderate or high risk of bias due to: 
- Assessment on different scales with different thresholds at different time (3 months or more++) 

Neurological prediction after CA: quality assessement

ICM, 2020

CPC scale Modified Rankin scale

ICM, 2022



Poor outcome prediction in comatose patient after cardiac arrest

Criteria Specificity * Sensitivity

Corneal and PLR absent > 95% 10-20%

Pupillometry NPI ≤ 2/5 > 95% 10-20%

Absence of N20 SSEP > 95% 30-60%

Highly malignant EEG > 95% 10-50%

NSE > 60 µg/L > 95% 40-80%

Status myoclonus > 95% 5-40%

CT > 95% 10-40%

MRI > 95% 30-90%

*False positive rate < 5%

Nolan et al, ICM/resuscitation 2025



Patients with : 
- Withdrawal life sustaining therapies - WLST based on neurological criteria 

during the TTM or TTM2 trials 
- vs “no WLST”/control patients from the KORHN or ProNeCA studies 

Unconscious patients after 72 h post-arrest

N=1717, including 29 % had WLST due to neurological criteria (median of 143 h)

Resuscitation 2025

Observe and re-evaluate



Early localized myoclonus (<72h)
Poor outcome: false positive rate 
0-22%

Late myoclonus (>72h) : no prognostic value 
=> Lance Adams syndrome => antimyoclonic
drugs (keppra, dépakine, nootropyl, 
fycompa) 

Status myoclonus (<72h): diffuses, 
mb, continuous, >30 min :
Poor outcome: false positive rate 0 %



Electroencephalogram EEG 

Benghanem et Rohaut, Traité de réanimation 2025

Medecine intensive réanimation 2023

10-49



How can we improve the challenge ?EEG in comatose patient after cardiac arrest

Hirsch et al, J Clin neurophysiol 2021
Westhall et al, Neurology 2016

Highly malignant > 24h 
Specificity 95-100 %
False positive rate 0-5%

Benign EEG < 72h 
PPV 70-94%

Annals of intensive care 2022



How can we improve the challenge ?Malignant EEG after cardiac arrest

Unreactive EEG 

Malignant EEG: catch-all category
Different EEG patterns with different pathophysiological mecanisms of brain injury

Antero-posterior gradient reversion

Westhall et al, Neurology 2016
Benghanem et al, Neurology 2025False positive rate 0-30%: « Grey zone »



JAMA Neurology 2024

Electrographic seizures

Seizures Generalized periodic discharges

Unfavorable SE favorable SE

85% 15%

Admiraal, et al Neurology 2025



• Timing of assessment:

EEG> 24h after CA => early EEG recordings (at 12-24h) may have a higher prognostic value than later 
recordings (>48-72h), irrespective of sedation protocols

• Sedative drugs:

Sedation at low-moderate doses, administered for TTM (<3mg/kg/h propofol) does not significantly impair 
the EEG prognostic accuracy

Potentials confounding factors of EEG

12 - 24 - 36h – highly malignant 48-72h - malignant Late EEG - benign

Benghanem et al., PMID: 31211949,  Rossetti et al., PMID: 27017468; Cloostermans et al., PMID: 22824933, Oddo et al. PMID: 24463859; Drohan et al,  PMID: 29197598; Ruijter et al., PMID: 31163372; 
Hofmeijer et al, PMID: 26070341; Spaletti et al PMID: 27291880; Sivaraju et al PMID: 25940963; Ruijter et al PMID: 31155751; Rossetti et al PMID: 27017468, Ruijter et al PMID: 31163372; Turella et al, 
PMID: 38172300



NSE: > 60µg/L at 48h et/ou 72h : 
best compromise between high specificity and good sensitivity

ICM 2020

Neuron-specific-enolase



Neuron-specific-enolase

Annals of intensive care 2025 

Kinetics of NSE levels

Resuscitation 2018
Annals of intensive care 2025 

Poor 
outcome

Good 
outcome



Nolan et al, ERC-ESICM post resuscitation care, ICM/Resuscitation 2021 

Poor outcome prediction

Does the guidelines algorithm really performant? 

How many patients remain in the grey zone despite 
this algorithm ?



Bougouin et al, resuscitation 2024
Lagebrant et al, resuscitation 2025

50% 50%

Performance of neuroprognostication algorithm

30%
30%
30%



How can we improve the challenge of 
neuroprognostication ? 

1. Assess markers of good outcome

2. identify new prognostic markers



Normal diffusion

Normal or « sub normal » diffusion MRI <  Day 7 

Focal injury (asymetric cortical 
or only basal ganglia)  

Good outcome prediction ?

Benign EEG < 72h (continuous, 
normovoltage, reactive)  

=> good outcome likely
Low NSE level :
- < 17 µg/L 
- <40-45 µg/L
Decreasing NSE Rossetti Lancet neuro 2016

Sandroni ICM 2022
Besnard Crit Care 2025
Lagebrant Resuscitation 2025



Resuscitation 2024

50% 50%

Good outcome prediction decrease prognostic uncertainly

Multicenter study n=337 patients 



Good outcome prediction decrease prognostic uncertainly

Resuscitation 2025

Multicenter study n=2445 patients 



Good outcome prediction decrease prognostic uncertainly

Cochin hospital, N=215 patients comatose after sedation weaning, 
with EEG, NSE and SSEP
2017 - 2023

Critical care, 2025

NSE < 40-45 µg/L at 24, 48 or 72h
Benign EEG < 72h 
High amplitude N20  



Nolan et al, ICM/resuscitation 2025
Besnard et al, Critical care 2025
Sandroni et al, ICM 2020
Bougouin et al, resuscitation 2024 
Lagebrant et al, resuscitation 2025

50-60% 20%

30-20%

Good outcome prediction decrease prognostic uncertainly



Nolan et al, ICM/resuscitation 2025

Timing for recording multimodal predictors of neurological outcome



How can we improve the challenge of 
neuroprognostication ? 

1. Assess markers of good outcome

2. identify new prognostic markers



New prognostic markers: biomarkers

Resuscitation 2023



Neuro-filament chain light - NFL

Monocentric prospective study at Cochin hospital
n = 67 patients comatose after CA with at least one NFL level, 2023 -2024 

Annals of intensive care 2025 



Mosebby
Knappe
JAMA Neuro 
2019

Levin et al 
Critical care 
2025

Klitholm et al 
Resuscitation
2023

Ayasse et al, 
Annals of intensive 
care 2025

Czimmeck et ak
Resuscitation 2025

Pussinen et al 
Resusictation 2025

Synthèse 

poor outcome
Sp=100%
24h 

> 1232 NA > 608 >1121 >2000 >112 >1000

poor ouctome
Sp 100%
48h

>1539 >336 OHCA
>640 IHCA

> 720 >1324 >2000 >229 >1000

poor ouctome
Sp 100%
72h

> 1756 NA > 920 >510 >2000 >331 >1000

poor outcome
Sp 95%
24h 

> 286 NA NA >250 NA > 48 >200

poor ouctome
Sp 95%
48h

>499 >220  OHCA
>323  IHCA

NA >383 NA >80 >400

poor ouctome
Sp 95%
72h

> 590 NA NA >406 NA > 236 >500



Mosebby
Knappe
ICM 2021

Levin et al 
Critical care 
2025

Klitholm et al 
Resuscitation
2023

Ayasse et al, 
Annals Of intensive 
care 2025

Czimmeck et ak
Resuscitation 2025

Pussinen et al 
Resuscitation 2025

Synthèse 

Good outcome

24h 

< 55
VPP:  72.5%
Se: 95.4%

<12 
Sp: 60%
Se:80%

NA <82
VPP: 65%
Sp: 75%
Se: 81%

<55
VPP: 89%
Sp: 48%
Se: 95%

<48
Sp: 90%
Se 95%

<55

Good ouctome

48h

< 55
VPP:  66.4%
Se: 96%

<45
Sp: 88%
Se: 80%

NA <307
VPP: 91%
Sp: 88%
Se: 78%

<55
VPP: 89%
Sp: 48%
Se: 95%

<52
Sp: 89%
Se: 95%

<150

Good ouctome

72H

< 55
VPP: 63.4%
Se: 96.5%

<388
Sp: 100%
Se: 80%

NA <459 
VPP: 71%
Sp: 83%
Se: 100%

<55
VPP: 89%
Sp: 48%
Se: 95%

<55 
Sp: 85%
Se: 95%

<400

CINEFIL study, prospective multicentric study (Cochin, Necker, HEGP) : prognostic value of NFL from T0 to D7 



Avis neuropronostication du réseau After Rosc

Discussion multidisciplinaire via télémédecine 

dans les 48 heures post sollicitation 

14 membres de la RCP neuropronostication : 

- Dr Sarah Benghanem (MIR Cochin)

- Dr Wulfran Bougouin (Réanimation Massy)

- Pr Alain Cariou (MIR Cochin)

- Dr Jonathan Chelly (Réanimation, Toulon)

- Dr Charlotte Calligaris (Neuro-réanimation, Ste Anne)

- Dr Cédric Daubin (Réanimation, Caen)

- Dr Nicolas Deye (MIR, Lariboisière) 

- Pr Martin Dres (MIR Pitié Salpêtrière)

- Pr Guillaume Géri (Réanimation Clinique Ambroise Paré)

- Dr Bertrand Hermann (MIR HEGP)

- Pr Jean Baptiste Lascarrou (MIR Nantes)

- Dr Marine Paul (Réanimation, Versailles)

- Dr Jean Raphalen (Réanimation Necker)

- Pr Benjamin Rohaut (MIR-neuro, Pitié Salpêtrière) 

Une seule adresse : avis@afterrosc.org



Summary

• 72h after CA is the best time point
• Some indicators collected at 24h after CA: myoclonus, NSE, EEG, SSEPs

• Multimodal approach for poor outcome prediction: at least 2 variables 
• Markers of good outcome reduce prognostic uncertainly: 
benign EEG < 72h, low NSE, descending trend of NSE, high N20 amplitude, 
normal or subnormal MRI 
• Indeterminate outcome : observe and re-evaluate

• « New » markers of interest: NFL = marker with the highest prognostic
value, compared to all others variables



HIBI: Time is brain !

At 6 months:

Conscious with 
severe disability

vegetative state

1% 93%

Resuscitation 2023

Countries do not practice WLST, limiting 
the risk of self-fulfilling prophecy

32%

Discharge at  
24 days



Sedation and EEG prognostic value

Clin neurophysiol 2019

Light to moderate sedation use in post CA care does 
probably not affect predictive value of EEG

Multivariate analysis

Highest median doses: 
- Continuous EEG pattern: 2.67mg/kg/h
- burst suppression: 2.07mg/kg/h
- Generalized suppression: 1.94 mg/kg/h



Peskine, Cariou et al, Chest 2020

Handicap sévère

Handicap modéré
Niveau inférieur 

Bonne 
récupération
Niveau inférieur 

Bonne récupération 
Niveau supérieur 

Handicap modéré
Niveau superieur

Accompagner la récupération neurologique des survivants post ACR 

Consultation post ACR (Sainte Anne, 
T Sharshar, C Legouy, S Barthelemy)

Détection des séquelles psycho-
cognitives 

Mise en place d’un réseau de soin 
« post ACR » pour ces patients 

Etude prospective multicentrique
N=98 patients GOSE 4-8 à 3 mois 
Suivi en rééducation jusqu’à 18 mois 



CERTA randomized trial, continuous EEG for 
30 to 48h  vs two EEG of 20 minutes
N=368 patients with brain injuries

Continuous EEG ?

JAMA neuro 2020
Urbano et al Resuscitation 2023 



Prospective multicenter study  N= 150 
MRI between > day 7 and day 28 after CA

AUC  0.95, 95% CI 0·91–0·98

WWM-FA value < 0.86 for 
poor outcome prediction

Weiss et al, MRI for the prognosis of traumatic brain injury, revue MIR 

Actually, research tools with limited accessibility

MRI: diffusion tensor



=> Automated pupillometry is quantitative, reproductible and detect minimal changes  

=> Neurological pupil index NPI: incorporates all components of the pupillary light reflex

=> NPi ranging from 0 (abolished) to 5 (normal)

=> NPi ≥ 3: normal pupillary light reactivity

• Prospective international multicenter study

• N=456 comatose resuscitated patients

• Automated pupillometry with NPi ≤ 2/5: FPR 0% 

• Standard pupillary light reflex assessment: FPR 6% 

Cardiac arrest: Pupillary reflexes assessment


