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Current state of play



1. Should we individualize care for all?

2. How do we individualize care for all?

3. Does it improve outcome for all?



1. Should we individualize care for all?

2. How do we individualize care for all?

3. Does it improve outcome for all?



1. Should we individualize care for all?

2. How do we individualize care for all?

3. Does it improve outcome for all?



Multimodal monitoring

Stocchetti et al Lancet Neurol 2017



What is multimodal (neuro)monitoring?

 Hands up who currently uses multimodal neuromonitoring in their 
ICU?

 Hands up who performs daily clinical neurological exams on their 
patients?

 Hands up who checks temperature, Na and glucose in their ICU 
patients?

 Who has the capability to send their patient for a CT head scan?

 How many people have an US machine sitting in their ICU?
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NCS MMM conference



Recommendations

• Recommend ICP and CPP monitoring, as a part of protocol-driven care, in patients 

at risk of elevated ICP (strong recommendation, moderate quality of evidence).

• Acknowledge that the appropriate threshold value of ICP is uncertain on the basis 

of the literature.

• Suggest monitoring and assessment of autoregulation may be useful in broad 

targeting of CPP management and prognostication (weak recommendation, 

moderate quality of evidence).

• Continuous bedside monitoring of autoregulation is now feasible, suggest that CA 

should be considered as a part of MMM.



Cerebral perfusion pressure 
thresholds and monitoring

• Recommended target CPP for survival and favorable outcomes 
between 60-70 mmHg

• Unclear whether 60 or 70 mm Hg is the minimum optimal CPP 
threshold (may depend upon the patient’s autoregulatory status)

• Consider avoiding aggressive attempts to maintain CPP >70 mm Hg with fluids and 
vasopressors due to risk of adult respiratory failure 

• Management using guidelines-based recommendations for CPP 
monitoring is recommended to decrease 2 week mortality



Need for a new approach



Negative RCTs in Neurocritical Care

• STASH

• SYNAPSE

• EUROTHERM3235

• EPO-TBI

• EPO SEVERE TBI

• PEG-SOD

• Tirilazad
• Selfotel
• Corticosteroid
• Traxoprodil
• Dexanabinol
• Magnesium Sulfate
• COBRIT



Practice pattern variation worldwide



Mortality variations 
between centres

Between-center:
• Variation in WLST
• Variation in mortality



Mortality after WLST= WLST variation



Overall mortality variation



Lack of evidence from general ICU

• Brain-injured patients were explicitly excluded from many of the 
studies in general critical care medicine!

• Elevated ICP were explicitly excluded from the ARDS-net protocol.

• Cerebral vascular events, trauma, or seizure were excluded from 
Rivers and colleagues’ original work in early goal-directed therapy.

• Schweickert et al illustrated the benefits of early and aggressive 
physical therapy in the ICU setting excluded patients with elevated 
ICP.



Where does that leave physicians who seeks to minimize 
iatrogenesis while managing complex, critically ill, brain-

injured patients?



Where are we now?

• Lack of high quality evidence for most monitoring-associated 
interventions

• BTF guidelines published in 2016 (based on mainly retrospective 
observational data)

• Known institutional variations in care

• Significant between-centre mortality differences reported in U.S and 
Canada.

• Mechanism not fully understood

Turgeon et al CCM 2009; Turgeon et al CMAJ 2011; Alali et al J Neurotrauma 2013; Bulger et al CCM 2002



Need for new directions

• No positive results emerging from large 

clinical trials for this patient population

• New approaches to research are needed

• Our current understanding is incomplete:

• Pathophysiological mechanisms of secondary brain 

insults

• Physiological responses to treatment



Research priorities

1. Comparative effectiveness research 
to determine benefits of current 
and new treatments

2. Patho-anatomical and mechanistic 
classification system to enable 
targeted therapies



“One-size-fits-all-approach”



• The precision medicine paradigm 
might also be applied to patient-
level physiological data.

Precision  Medicine

"an emerging approach for disease treatment 
and prevention that takes into account individual 

variability in genes, environment, and lifestyle 
for each person."

https://ghr.nlm.nih.gov/primer/precisionmedicine/definition



"If you can not measure it, you can not 
improve it.”

William Thomson, Lord Kelvin

“I often say that when you can measure what you are speaking about and express it in 
numbers you know something about it; but when you cannot measure it, when you cannot 
express it in numbers, your knowledge is of a meagre and unsatisfactory kind”
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Standard monitoring



How do we 
interpret the 

data?



PbtO2 more indicative of O2 diffusion

• Proposed that PbtO2 is influenced primarily by 
factors governing oxygen diffusion, rather than 
DO2 or CMRO2

• Only statistically significant relationship was 
that between PbtO2 and the product of CBF & 
cerebral AVDO2



Lessons learned



What can we learn from 
general ICU studies?

• PAC use has risks and there is lack of evidence 
for any benefit from this device.

• During the 1990s, millions were used yearly.

• After 14 randomized trials, no critically ill 
patient subgroups have been identified for 
whom PAC use improves clinically relevant 
outcomes.

Wiedemann HP et al. NEJM 2006, Shah et al. JAMA . 2005



What about our existing ICU monitoring?



Physiological responsiveness

• Randomizing only patients who show a 
favorable physiological response to an 
intervention may help ensure that only those 
likely to benefit would be entered into the 
study. 



ICU Information 
Overload

• ICU clinicians already wrestle 
daily with synthesizing and 
analyzing data from multiple 
systemic (and cerebral 
monitoring devices)



Concerns

• Complexity of intervention

• Large amount of physiological data

• Lack of data collection and storage infrastructure



“While the absence of evidence of effect does not mean 
the evidence of no effect, the corollary is also true: the 

absence of evidence for harm, does not mean the 
absence of harm”

Turgeon and Lauzier, Can J Neurol Sci. 2012



Utility of MMNM



Multimodal neuromonitoring (MMNM)

• We are seeing a change from pure neurological clinical 
evaluation to an era of structural definition, associated with 
monitoring of:

– Pressure

– Flow

– Oxygenation

– Metabolism 



Assumptions in MMM

• Conventional measures addressing ICP and CPP (“perfusion 
targeted strategies”) are insufficient for detecting local episodes 
of cerebral ischemia. 

• Previous research, with the use of invasive cerebral oxygenation 
(PbrO2) and cerebral microdialysis, has found a significant 
number of potentially adverse episodes observed.

• The clinical significance and causes of such episodes remain 
unclear.



Possible MMNM directions

1. Improve pathophysiological understanding of cerebral disease in critical 

illness

a. Provide physiological data to individualize patient care decisions

b. Monitor the physiologic response to guide treatment and avoid adverse effects

c. Develop new mechanistically oriented therapies where treatments are currently 

lacking

2. Assist with prognostication

3. Improve neurological outcome and quality of life in survivors of severe 

brain injuries



Recognition of secondary brain injury patterns

• Patients can manifest a range of patterns of cerebral injury, with different constellations of 

hemorrhage, edema, and axonal injury conferring comparable clinical presentations but 

drastically different clinical trajectories.

• Owing to advances in monitoring and imaging, there is now the potential to identify 

specific mechanisms of brain damage and to better target treatment to 

individuals/subgroups.

• Progress in understanding pathophysiological mechanisms of ABI could change current 

management in the ICU, enabling targeted interventions that could ultimately improve 

outcomes.



Importance of differential pathophysiological 
mechanisms

Maas AI et al. The Lancet Neurology 2008 

Macrovascular

Microvascular

Molecular



Macrovascular

Microvascular

Molecular

Macdonald RL Nature Reviews Neurology 2013 

Delayed cerebral ischemiaSubarachnoid hemorrhage



Molecular pathways associated with secondary injury

E. Park et al. CMAJ 2008;178:1163-1170

Glial injury & 
dysfunction

Energy failure

Ionic disturbance/
excitoxicity

Inflammation

Macrovascular
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Molecular

Destruction of BBB



Dynamic process following injury

Adapted from Stocchetti N et al. Crit Care 2013
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Is this ready for primetime?



Validity

• Pressure reactivity (PRx) correlated with PET-

static rate of autoregulation

• CMRO2 was not constant

• Measurements may reflect autoregulation 

AND also variable flow-metabolism coupling

48



Feasibility

• 61 % had a CPPopt U-shaped curve

• 28 % had ascending or descending curves

• 11 % had no fitted curve

• Single centre study in Portugal

• 18 patients 

• Total monitoring time of 5,520 h



External validation 
in Canada

• Able to generate COx curves for at least one 6-hour period 
in all 20 pts.

• MAPOPT was generated for all 6h time periods in 10 patients.

• Median % time COx  0.3: 18% died vs 10% survived.

• 50% outside of MAPOPT (5mmHg)

• ABOVE MAPOPT mean 22% 

• BELOW MAPOPT mean 28%



Prognostic and predictive value

• Dynamic measures of autoregulation is a 
strong prognostic factor for outcome:

• Impaired autoregulation = worse outcome

• Impaired autoregulation predicts 
development delayed cerebral ischemia 
after SAH

Br J Neurosurg. 2004 Oct;18(5):471-9. Panerai RB et al.

Stroke. 2007 Mar;38(3):981-6. Jaeger M et al

Stroke. 2012 Dec;43(12):3230-7. Budohoski KP et al...

Best outcome predictors for TBI 

• Pressure reactivity index

• Mean velocity index based on CPP

• Autoregulation reactivity index



1. Should we individualize care?

2. How do we individualize care?

3. Does it improve outcome?



It remains to be demonstrated whether  
multimodal monitoring-guided therapy is 

able to improve outcome.



BOOST 2: Brain Tissue Oxygen Monitoring in TBI

• Multicentre phase III RCT

• Compare brain tissue oxygenation based therapy to conventional 
ICP/CPP therapy for severe TBI

• Enrolled 122 subjects

• Demonstrated mean hypoxia burden reduced by 74% by the treatment 
protocol informed by PbtO2 monitoring (p < 0.0001)

• There were no significant safety issues

• There was a trend towards improved functional outcome, supporting 
the pre-determined non-futility hypothesis

https://nett.umich.edu/patients-communities/trial-summeries
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Opportunities in Canada
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Opportunity in Canada

• MMNM not integrated into standard of care 

• Strong anecdotal evidence of providing benefit, and formal 
randomized evaluation is limited by real/perceived ethical 
concerns about withholding monitors.

• Used primarily as a research tool.

• Exploit this opportunity to systematically study how MMNM 
may impact management and outcomes.

Turgeon and Lauzier, Can J Neurol Sci. 2012



Perfusion pressure: ICP/CPP

Blood flow: Transcranial Doppler

O2 delivery: SctO2 using NIRS

CNS function: EEG and Pupillometer

Autoregulation: Reactivity index

University of Toronto Neurophysiology in ICU



Individualized Neurocritical Care at TWH

DETECT THE 

BRAIN IN 

TROUBLE

SUPPORT THE 

WHOLE 

PATIENT

INDIVUALIZE

THE THERAPY

TWH Neurophysiology Living Lab in ICU



Summary

• Avoid repeating the errors of the past.

• New technology follows a thorough evaluation before widespread 
dissemination.

• Studies should assess the range of relevant outcomes, including 
mortality, medical resource use, patient comfort, complications, and 
costs.

• The process by which we identify treatment thresholds based on 
monitoring and the process to integrate multiple monitors are still 
being elucidated.



Summary

• Moving forward, we must better understand whether these 
parameters are modifiable or not.

• And if so, whether their modification affects relevant outcomes or not.

• Important physiological information obtained from several monitors 
may translate into outcome differences in select patients, but this 
benefit may not be universal.

• We still do not have a clear basis for identifying these cohorts.



Questions?

Contact Info
Victoria.McCredie@uhn.ca


