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One Size Fits All?

Rosner MJ et al. J Neurosurg 83;1995:949-62

„The minimum level of CPP in this instance is 
greater than 70 mmHg and frequently higher, 
defined by individual circumstances that may 
occasionally require a level of 100 mmHg or 

more, but average 85 mmHg“





Individual Optimal CPP?

 SJO2 and TCD 
Chan KH et al.: The effect of changes in cerebral perfusion pressure upon 
middle cerebral artery blood flow velocity and jugular bulb venous oxygen 
saturation after severe brain injury. J Neurosurg 1992;77:55-61

 Microdialysis
Nordstrom CH et al.: Assessment of the lower limit for cerebral perfusion 
pressure in severe head injuries by bedside monitoring of regional energy 

metabolism. Anesthesiology 2003;98:809-14

 Brain Tissue Oxygen
Meixensberger J et al. Brain tissue oxygen guided treatment supplementing 
ICP/CPP therapy after traumatic brain injury. J Neurol Neurosurg Psychiatry. 

2003;74:760-4



The Cambridge Hypothesis:

CPP should be kept at the CPP 
where an individual patient 

autoregulates most efficiently



Why Autoregulation?

 Cerebrovascular autoregulation will affect any 
CPP manipulation

Mascia L et al.: Cerebral blood flow and metabolism in severe brain 
injury: the role of pressure autoregulation during cerebral perfusion 
pressure management. Intensive Care Med 2000;26:202-5



Autoregulation in Head Injury

• Protective Mechanism: Outcome better in 
patients with “intact” autoregulation
– Overgaard J, Tweed WA. Cerebral circulation after head injury. 1. 

Cerebral blood flow and its regulation after closed head injury with 
emphasis on clinical correlations. J Neurosurg 1974;41:531-41

– Lam JM, Hsiang JN, Poon WS. Monitoring of autoregulation using laser 
Doppler flowmetry in patients with head injury. J Neurosurg 
1997;86:438-45

– Czosnyka M, et al. Cerebral autoregulation following head injury. J 
Neurosurg 2001;95:756-63
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Autoregulation in Head Injury



Requirements

 Continuous monitoring of autoregulation or 
cerebrovascular pressure reactivity.

Czosnyka M, et al. Monitoring of cerebral autoregulation in head-injured 
patients. Stroke 1996;27:1829-34

Czosnyka M, et al. Continuous assessment of the cerebral vasomotor 
reactivity in head injury. Neurosurgery 1997;41:11-7

Steinmeier R, et al. Continuous cerebral autoregulation monitoring by 
cross-correlation analysis. J Neurotrauma 2002;19:1127-38

 Software to display an index of autoregulation or 
cerebrovascular reactivity against CPP



Pressure Reactivity Index (PRx)



Pressure Reactivity Index (PRx)

 Validated against PET CBF
Steiner LA, et al. Assessment of cerebrovascular autoregulation in head-injured 
patients: a validation study. Stroke 2003;34:2404-9

 Correlates with outcome
Czosnyka M, et al. Continuous assessment of the cerebral vasomotor reactivity in 
head injury. Neurosurgery 1997;41:11-7

 Disturbed pressure reactivity is associated with low 
CMRO2 and low OEF

Steiner LA, et al. Cerebrovascular pressure reactivity is related to global cerebral 
oxygen metabolism after head injury. J Neurol Neurosurg Psychiatry 
2003;74:765-70



Individual Optimal CPP

Steiner LA, et al. Crit Care Med 2002;30:733-8
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Individual Optimal CPP

Steiner LA, et al. Crit Care Med 2002;30:733-8
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Individual Optimal CPP

Steiner LA, et al. Crit Care Med 2002;30:733-8

Outcome



Aries MJ et al. Crit Care Med. 2012 Aug;40:2456-63



Optimal CPP

Aries MJH et al. Crit Care Med 2012;40:2456-63



Initial Conclusions 

• There is retrospective evidence that an 
„autoregulation orientated“ approach may be 
beneficial in head injured patients.

• The hypothesis that CPP should be kept on the 
plateau of the autoregulatory curve merits further 
investigation. 

– We need a prospective multicentre trial!



NICU? It works too!

da Costa CS et al. J Pediatr. 2015;167:86-91



PICU? It works too!

Young AM et al. PLoS One. 2016 Mar 15;11(3):e0148817



Simplify?

Aries MJ et al. Crit Care Med. 2016;44(10):e996-9



CPPopt
(60%)

No CPPopt?
(27%)

No CPPopt
(13%)

Patients without CPPOPT

Steiner LA, et al. Crit Care Med 2002;30:733-8

n = 114

“We were able to calculate CPPopt continuously during, on average, 55% of 
the ICP monitoring time.” 
Aries MJH et al. Crit Care Med 2012;40:2456-63



No CPPOPT?

Liu X et al. J Neurotrauma 34;2017:3081–3088



No CPPOPT?

Liu X et al. J Neurotrauma 34;2017:3081–3088
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Why?

• Why do some ideas spread faster than others

• Is 16 years a long time?



On October 16, 1846, at Massachusetts General Hospital, Morton administered his gas 
through an inhaler in the mouth of a young man undergoing the excision of a tumor in 
his jaw. By mid-December, surgeons were administering ether to patients in Paris and 
London. By February, anesthesia had been used in almost all the capitals of Europe, 
and by June in most regions of the world.

Strikingly lower rates of sepsis and death by using carbolic acid for cleansing hands 
and wounds were published in a groundbreaking series of reports in The Lancet, in 
1867, this antiseptic method should have spread as rapidly as anesthesia. Two 
decades later, hand washing was still perfunctory. Surgeons soaked their instruments 
in carbolic acid, but they continued to operate in black frock coats stiffened with the 
blood and viscera of previous operations

https://www.newyorker.com/magazine/2013/07/29/slow-ideas



The Long S-Curve of Innovation Diffusion

http://timkastelle.org/blog/2011/04/innovation-myth-ideas-spread-quickly/



The Myth of Quick Adoption

• Our tendency to dramatically underestimate the true value of X in 
innovation diffusion causes all kinds of problems. If we’re early 
adopters, we expect new ideas to spread quickly. And yet, they 
don’t. If we’re threatened by new ideas, the long X can give us a 
false sense of security. As it becomes clear that early predictions 
are exaggerated, we become complacent. But eventually, once all 
the experimentation has been done, and people have figured out 
what the new ideas are really good for, and how to create value 
with them, the threat begins to bite.

• I’m not sure of any way to move through the innovation diffusion 
curve more quickly. It is by its very nature slow, experimental, 
unpredictable, exciting, revolutionary and wasteful. It is part of 
what makes innovation both exhilarating but also frustrating. 

• Being aware of the myth of quick adoption is the first step towards 
figuring out how to deal with it.

http://timkastelle.org/blog/2011/04/innovation-myth-ideas-spread-quickly/



The Myth of Quick Adoption

• The reasons for the long X: Mainly uncertainty
• We have to figure out how to make the new idea work: the best use of a 

new idea is often not obvious. In fact, because we tend to think in 
analogies, we often get this wrong at the start 

• We have to fight against the hype cycle: the long X is a direct contributor 
to the hype cycle. The Early Adopters get excited about the new idea, and 
it gets oversold. Then the people that are threatened by the new idea fight 
back. When it doesn’t spread as quickly as expected, the excitement 
wanes and cynicism sets in. Eventually, though, through experimentation 
we figure out what the best use of the new idea will be, and at that point 
it is finally poised to take off.

• Most importantly, we have to figure out how to create value for people or 
patients with the new idea. This is the part that the Early Adopters tend to 
ignore – they usually like new things simply because they’re new. For 
everyone, the new idea needs to solve a problem.

http://timkastelle.org/blog/2011/04/innovation-myth-ideas-spread-quickly/



http://avc.com/2014/09/the-bitcoin-hype-cycle/



Neurocritcal Care Reality

Maas AIR, Menon DK, …, Czosnyka M, … et al. Lancet Neurol. 2017 Nov 6. [Epub ahead of print]



Neurocritical Care Reality

Sepsis

Glycaemic Control

PaCO2

CPP

ICP

Temperature

Sedation



Trial Design

• What should the primary outcome be?

• Which intervention?

• How much effect do we expect from our
intervention?

• Patient selection?

• Which units should participate?

• Ethics?



CPPOPT or «Within Limits» 

Donnelly J et al. Crit Care Med. 2017;45:1464-1471
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Figure 3 . Comparison of receiver operator characteristic 
curves for predicting mortality (A) and unfavorable 
outcome (B). Percentage of time with cerebral perfusion 
pressure (CPP) below the lower limit of reactivity (LLR) 
(%CPP < LLR) was the strongest predictor of mortality and 
unfavorable outcome. [DELTA]CPPopt = CPP - CPPopt.

Donnelly J et al. Crit Care Med. 2017;45:1464-1471
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