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Causes of death
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Neurological Cardiac Other

Elmer 2016, USA
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Maximise safety in prognostication

•Choose the most specific 
predictors (lowest FPRs)

•Combine predictors

•Optimise implementation

ERC-ESICM Guidelines for Post-resuscitation care, 2021



Oddo M et al., Intensive Care Med 2018; 44:2102-11

•456 comatose resuscitated patients

•Standard pupillary light reflex assessment:
• 5 false positive results (FPR 6%)

•Automated pupillometry:
• 0% FPR



Oddo M et al., Intensive Care Med 2018; 44:2102-11

•Pupillary constriction to light may be invisible to 
the naked eye if pupil size is <2 mm

•Automated pupillometry:
• Detects even minimal changes in pupil size 

• Is quantitative and reproducible



American Clinical Neurophysiology Society 
(ACNS) terminology

For use in Critical Care

Standard definitions:

 Suppression

Burst-suppression

Hirsch LJ  et al.,  J Clin Neurophysiol 2021; 38: 1–29



10 µV

Hirsch LJ et al J Clin Neurophysiol 2013;30: 1–27 

Suppression



Burst-suppression



Time-dependency of EEG

Sensitive Specific

12-24h

24-48h

>48h



Gul SS et al. Medical Hypotheses 2017; 105: 34–47

NSE





Targeted temperature management and rewarming

Observe and re-evaluate

Unconscious patient, M≤3 at ≥72h without confounders (1)

Yes

At least TWO of:
•No pupillary (2) and corneal reflexes at  ≥72h 
• Status myoclonus (5) ≤72h
•Bilaterally absent N20 SSEP wave
•Highly malignant (3) EEG at >24h 
•NSE >60 µg/L (4) at 48h and/or72h
•Diffuse and extensive anoxic injury on brain CT/MRI

Poor 
outcome 

likely

No

Yes
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(*) Signs of good neurological outcome

• Continuous, normal voltage, reactive EEG

• Low/decreasing levels of biomarkers (NSE, NFL)

• Normal MRI

Caution if discordant signals are present



SSEP
N20 

amplitude

Scarpino M et al., 
Resuscitation 2021; 

163:162-71



Predictors of good neurological outcome after 
cardiac arrest: a systematic review

All predictor categories used for predicting poor outcome
can also be used to predict good outcome

Sandroni C. et al., 2022. under review



n = 939

Sandroni C et al. Intensive Care Med 2021; 47:1393-1414.



6-month neurological function, TTM trial

Good
Mild disability

Severe disability

Vegetative state

Nielsen N et al, NEJM 2013; 369:2197-2206

n = 939



6-months neurological function, ProNeCa

Good

Mild disability

Severe disability

Vegetative state

ProNeCA Study Group,  Resuscitation 2019; 143:115-123.

n = 445



BRCT Study Group,  Am J Emerg Med 1985; 4:72-86

Cerebral Performance Categories (CPC) 

CPC Disability Conscious Independent Compatible features

1 No, or minor   Mild dysphasia or psychological issues

2 Moderate  

Able to work part-time, dress, travel by 
public transportation; may have memory 

or mental changes

3 Severe  
Limited cognition, dementia, dependent 

from others for daily support

4 Unconscious   Persistent vegetative state

5 Dead - - Dead



Unchanged 462

Died 114

Improved
80

Worsened 8

Altra; 88

Change in CPC from 1 to 6 months

J. Arrich et al. Resuscitation 2009; 80: 876–880
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Geocadin RG  et al, Circulation 2019; 140:e517-e542, 

Assessment of 
neurological 

function



Farrell et al,  J Neurol Neurosurg Psychiatry 1991;  54: 1044 -54

Modified Rankin Score (mRS)

mRS Disability Dependence

0 None, no symptoms Independent

1 None significant Able to carry out all usual activities

2 Slight
Able to look after own affairs, unable to carry out 

all previous activities

3 Moderate
Requires some help for bodily needs

Able to walk unassisted.

4 Moderately severe
Unable to attend to own bodily needs 

Unable to walk unassisted

5 Severe Requires constant nursing care, bedridden

6 Dead Dead



Neurological 
function Cognition HRQOL

Measures CPC, mRS
MMSE

IQCODE
2 Simple Questions (2SQ)

EuroQOL
HUI

SF-36

Reported by Clinician
Clinician (MMSE)

Caregiver (IQCODE)
Patient (2SQ)

Patient

Domains and measures



Cronberg T et al, JAMA Neurol. 2015;72:634-641 

x

Score Value Normal value

MMSE 26.6 ± 4.5 ≥27

IQCODE 106 ± 24.5 ≤78

Q.1 - Increased need for help for 
activities of daily living?

Yes (17.9%) No

Q.2 - Complete mental recovery? Yes (64.2%) Yes

SF-36 (mental) 48.3 ± 13 ≥ 47

SF-36 (physical) 46 ± 10.9 ≥ 47



Cronberg T et al, JAMA Neurol. 2015;72:634-641 
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Cognition: results 
of QICODE

No decline
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