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Neuromonitoring in ICU

Q: What is neuromonitoring ?

A: Neuromonitoring refers to the (continuous or intermittent) assessment of the 

neurological status of critically ill patients. 

Main aims :

- to detect and prevent secondary brain injury

- to guide therapeutic intervention

- to provide prognostic information



Framework

• VV-ECMO is associated with neurologic complications

• Pathophysiology and risk factors

• Brain monitoring tools

• Conclusion



VV-ECMO & Neurologic Complications

4988 adult patients under VV-ECMO
1992-2015

7% of them developed neurologic injury.

R Lorusso, Crit Care Med 2017
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VV-ECMO & Neurologic Complications

4988 adult patients under VV-ECMO
1992-2015

7% of them developed neurologic injury.

Intracranial hemorrhage was the most 
frequent type.

Survival for patients with neurologic 
injury was poor.

R Lorusso, Crit Care Med 2017



VV-ECMO & Neurologic Complications

DM Nasr, AA Rabinstein, J Clin Neurol 2015

ICH is a strong independent predictor of mortality, aOR 2.31 (95%CI, 1.89-2.84) 

2001-2011, n=23951 patients on ECMO (all ages, all types of ECMO)
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Determinants of Cerebral Blood Flow (CBF) : MAP

AJ Peixoto, New Eng J Med 2018

CBF is preserved under physiological conditions
Both acute hypotension and hypertension -> deleterious neurologic consequences

Autoregulation

Brain 
perfusion !



Determinants of CBF : PaCO2 and PaO2

Vasodilation -> Increased ICP

Vasoconstriction  -> Ischemia
Neuronal excitability -> Seizures

CBF is preserved under physiological conditions
Both acute hypo and hypercapnia -> deleterious neurologic consequences



Intensive Care Medicine 2016

ICH
N=10

No ICH 
N=125

Gas exchange 
parameters 
changes 
@ECMO start

PaCO2 drop 
>27 mm Hg 

ECMO and ICH

Variable Odds Ratio 95%CI

Renal failure 1.22 1.05-1.44

PaCO2 drops > 27 
mmHg

1.28 1.11-1.52

Risk Factors for ICH, multivariable analysis

ICH 
7%



ECMO and ICH

O Hunsiker, Crit Care Med 2021

49/444 (11%) patients developed ICH after a 
median time of 4 (2-7) days

Variable Odds Ratio 95%CI

PaCO2 decrease at 
ECMO initiation, 
mmHg

1.22 1.05-1.44

PEEP, cm H2O 1.28 1.11-1.52

Platelets, per 10/nl 0.83 0.71-0.94

Risk Factors for ICH, multivariable analysis



Risk Factors for Neurologic Complications

Patient-related ?

Age ?

High BMI 

Cardiovascular risk 
factors ?

Arythmia ?

…

Critical illness 

Pre-ECMO cardiac 
arrest

CV failure

Renal failure* / CVVHD

Hyperbilirubinemia

ECMO-related

PaCO2 drops*

Hyperoxia

Low platelet count*

Brain injury CE Luyt, Intensive Care Med 2016
R Lorusso, Crit Care Med 2017

O Hunsiker, Crit Care Med 2021
AM Zaaqoq, Crit Care Med 2023

*Specific risk factors for ICH
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Clinical examination

A 4-component score

Greater neurological detail than 

the GCS, including : 

-    brainstem reflexes

- (breathing patterns)

- the ability to recognize 

different stages of herniation.

A strong predictor of outcome

EF Wijdicks, Annals of Neurology 2005



Clinical examination …

Evaluation of CNS processes 

in the transplant recipient

CVVHD

ECMO

PLASMA	EXCHANGE

MV

SEDATIVE	INFUSION

Confounders …
• Sedation
• Paralyzing agents



Minerva Anestesiologica 2017

Guidelines ?

Multimodal Monitoring ?

Early Assessment

Late Assessment



Automated Pupillometry

Intensive Care Medicine 2022



Automated Pupillometry

Chest 2020

Quantitative NPi alone had excellent ability to predict a poor outcome from day 1 
after VA-ECMO insertion, with no false positives. 

Single-center study, n=100 patients under VA-ECMO



Blood Biomarkers

80 children on ECMO
Prospective study
Tertiary care center

MM Bembea, Crit care med 2015



Blood Biomarkers

MM Bembea, Crit care med 2015



NSE

N=103 VA-ECMO patients 
(Pre-ECMO CPR n=26, 25%) patients

Crit Care Explor 2020



EEG

EEG monitoring
• Background
• Reactivity
• Seizure detection

Foreman and Claassen, Crit Care 2018
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EEG

EEG monitoring
• Background
• Reactivity
• Seizure detection

ACNS Critical Care EEG Terminology 2021 

Suppression ?

!!



EEG

ACNS Critical Care EEG Terminology 2021 

Reactive EEG 
(verbal stimulus)

EEG monitoring
• Background
• Reactivity
• Seizure detection



EEG

SJM Smith, JNNP 2005

EEG monitoring
• Background
• Reactivity
• Seizure detection



EEG background

Crit Care 2020



EEG Reactivity

Neurocritical care 2020



Frontal EEG

Annals of intensive care 2021



Cerebral Oxymetry

Neurocritical care 2018



Outcome Parameters in ECMO

Tool Favorable Outcome
(All of the following)

Unfavorable Outcome
(Any parameter)

Clinical examination
(FOUR score)

Preserved motor 
AND brainstem responses

Poor motor response
OR
Altered brainstem responses

Automated Pupillometry NPi>3
AND symmetrical responses

NPi<3
OR 
asymmetrical responses

EEG Continuous
AND reactive 
No severe slowing (delta)
No seizure

Suppressed
OR severe slowing and 
unreactive

TCD Preserved velocities Altered velocities

rSO2 >65%
AND symmetrical values

Asymmetrical (Delta > 10%)

NSE Normal values
<15 microg/L

High values
>50-60 microg/L



Prevention of brain injury during ECMO ?

At ECMO onset: optimize cerebral perfusion, avoid PaCO2 drops ++

Early assessment of neurological status :

• Multimodal, non-invasive, bedside evaluation: Automated Pupillometry, EEG, TCD 

• Repeated brain imaging (CT) ?

Use lower anticoagulation targets (anti-Xa 0.2-0.3) ?

Higher transfusion thresholds ?

platelet count > 100,000 / mm3

FFP as needed to maintain INR < 1.5

Optimize ECMO weaning process ++

Late assessments after sedation discontinuation and weaning of ECMO



Brain MRI under ECMO … ?

Crit Care 2022

POC MRI @bedside of ECMO patients
utilizing a 64mT Swoop® MR imaging system
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Conclusion

• Neurologic complications (ICH, ischemic stroke) contribute to poor outcomes

• Early multimodal non-invasive neuromonitoring is mandatory 

- to detect and prevent brain injury

- to guide therapeutic interventions

- to assist with prognostication

• Data arise from single-center (retrospective) studies

• Further prospective data needed in VV-ECMO patients

Intensive Care Medicine 2023



Thank you ! ☺
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