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• ICP – current Brain Trauma Foundation Guidelines 

 

• Problems with fixed ICP thresholds 

 

• Why do we need additional parameters besides ICP and CPP? 

 

• pbtO2 monitoring in TBI 

 

• Relationship of pbtO2 monitoring with outcome 



Carney, Neurosurgery 2017 

When to treat ICP? – current guidelines 
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>22 mmHg 
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ICP and CPP – current guidelines 
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ICP and CPP – current guidelines 
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But wait: Isn‘t there Level I evidence? 
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Chesnut et al., NEJM 2012 

Is ICP monitoring useful at all? 
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Is ICP monitoring useful at all? 
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ICP and CPP – current guidelines 
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Where does the recommendation to treat ICP above 22 mmHg come from? 

459 patients from the TBI database 

Cambridge, UK 

 

mean values of whole monitoring time 

 

stepwise χ2-Test 

 

Sorrentino, Neurocrit Care 2012, 16: 258-266 

Klinik für Neurochirurgie 



Where does the recommendation to treat ICP above 22 mmHg come from? 

Klinik für Neurochirurgie 

Sorrentino, Neurocrit Care 2012, 16: 258-266 



Intensity and duration of ICP raise vs outcome 

Güiza et al., ICM 2015 

360 patients from the BRAIN-IT database 
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No equal threshold for all 

Güiza et al., ICM 2015 

adults                    children 
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CPP: both too low and too high are bad 

Güiza et al., J Neurotrauma 2017 

low CPP        high CPP 
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An example from Charité, 2016 

drip chamber 

EVD zero 

point 

Transducer 

-10 cm 

+30 cm 



ICP and CPP – current guidelines 
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Major problems: 

 

• No reference of the zeroing level of APB and ICP 

 

• Error dependent on probe type: 

 EVD:  

 level of ICP sensitive to zeroing error 

 CPP correct (if ABP and ICP zeroed on the same level) 

 

 parenchymal probe:  

 ICP correct 

 CPP sensitive to zeroing errors of ABP 

 

 



RESCUEicp 

Hutchinson et al: NEJM 2016, 375: 1119-1130 

408 patients from 10 to 65 years 

 

TBI with ICP > 25 mmHg for > 1 h 

 

Multicenter trial, randomization 1:1 

 

 

Decompressive craniectomy  

 

 vs 

 

conservative therapy 
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RESCUEicp: results 

difference between treatment groups: p < 0.001 

 

Upper severe disability or better: 

 42,8% in surgical group 

 34,6% in conservative group 

p= 0.12 

Hutchinson et al: NEJM 2016, 375: 1119-1130 
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RESCUEicp: no equal benefit of surgery for all 

Hutchinson et al: NEJM 2016, 375: 1119-1130 
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for age by favourable outcome. Given the 12 tests performed this is very weak evidence for a true 

subgroup effect. The following table shows the distribution of favourable outcome split by age. The 

direction of the observed subgroup effect is that in terms of favourable outcome the surgical treatment 

is more beneficial for patients aged ≤40 years. 

Table S14 – Patients aged ≤40 years 

  Surgical Group  Medical Group  Absolute Difference (95% CI)

Unfavourable outcome  69 (48.6%)  81 (63.8%)   

Favourable outcome  73 (51.4%)  46 (36.2%)  15.2% (3.5% to 26.9%) 

 

Table S15 – Patients aged >40 years 

  Surgical Group  Medical Group  Absolute Difference (95% CI)

Unfavourable outcome  46 (78.0%)  42 (68.9%)   

Favourable outcome  13 (22.0%)  19 (31.1%)  ≤9.1% (≤24.8% to 6.6%) 

 

 

   

RESCUEicp: Class 1 evidence for ICP monitoring 

(the same as the EUROTHERM 3235 or DECRA trials) 

 

ICP monitoring is about correct decision making –  

 whom to treat and when with which method! 

 



Why it is not enough to measure just ICP 
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Hyperventilation and ischemia 

pCO2: 35 mmHg 

ICP: 22 mmHg 

 

 

 

 

pCO2: 29 mmHg 

ICP: 17 mmHg 

 

Coles, CCM 2007 
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Hyperventilation and ischemia 

pCO2: 35 mmHg 

ICP: 22 mmHg 

 

 

 

 

pCO2: 29 mmHg 

ICP: 17 mmHg 

 

Ischemic brain volume: 44 ml vs 135 ml 

Coles, CCM 2007 
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Advanced cerebral monitoring – current guidelines 
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Jugular bulb oximetry? 
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based on:  
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The work of Dr. Cruz?  



where? 

Which allocation strategy? 

20 

The work of Dr. Cruz?  



where? 

Which allocation strategy? 
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The work of Dr. Cruz?  



where? 

Which allocation strategy? 

The Comprehensive 

International Center 

for 

Neuroemergencies,  

Cx. Postal 57011,  

Sao Paulo, Brazil 
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The work of Dr. Cruz?  



Roberts, BMJ 2007 

The work of Dr. Cruz?  
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The work of Dr. Cruz?  
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“ We are left with serious doubt about important studies 

but with no way of determining with confidence whether 

the results are fabricated or real.  

The main author is dead. There is no institution to 

investigate. The implications for patients are serious.  

They are being treated on the basis of potentially 

unreliable evidence. ” 
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The work of Dr. Cruz?  
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The work of Dr. Cruz?  
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What was omitted from the Guidelines – evidence against SjvO2 
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What was omitted from the Guidelines – evidence against SjvO2 
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“Time of good data quality”: 

      SjvO2: 43% 

      PtiO2: 95% 



Brain tissue oxygen monitoring – available systems 

New: Raumedic PTO probes,  

available since 2006  

Optical method, uses luminescence 

quenching by O2 

22 mm2 surface 

 

Advantage: pbtO2, ICP and 

temperature combined in one probe 

 

 

established Standard:  

Licox – System, since 1995 

electrochemic system with Clark electrode,  

14 mm2 surface 

 

modified in 2005, since then temperature 

monitoring included in probe 
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Correlation of pbrO2 – rCBF  in the healthy brain – a swine model 

Hemphill, Neurosurgery 2001 
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Comparison of cerebral perfusion pressure CPP with pbtO2 

Kiening, JNS 1996 
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What is the physiologic meaning of the pbrO2 

Rosenthal, JNS 2008 
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Normal values of pbrO2 – but which tissue? 

Hawryluk et al, JNS 2016 

• TBI model 

• 12 anesthesized swine 

• each with 4 probes 
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Normal values of pbrO2 – but which tissue? 

Hawryluk et al, JNS 2016 
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Normal values of pbrO2 – but which tissue? 

Hawryluk et al, JNS 2016 
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In humans: where to place the probe? 

Ponce, Neurosurgery 2012 
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pbtO2 – probe position and outcome after TBI 

Ponce, Neurosurgery 2012 
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What is the accuracy of multimodal monitoring to detect hypoperfusion? 

Bouzat et al, Crit Care Med 2015 

27 TBI patients 

probe placement right frontal, regardless of injury 
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Outcome after TBI before and after introduction of pbrO2 monitoring 

Spiotta, JNS 2010 
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pbrO2 – A metaanalysis in TBI patients 

Nangunoori, Neurocrit Care 2011 
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TBI with GCS 3-8 and requirement of ICP monitoring 

10 centers in North America 

Both groups received ICP- and Licox- pbtO2- probes 

  

Intervention group:  

 therapy according to ICP and pbrO2 values 

 (ICP < 20 mmHg, pbtO2 > 20 mmHg) 

 

 randomized vs. 

 

Control group:  

 therapy only according to ICP values (ICP < 20 mmHg) 

 

Primary outcome: time of pbrO2 < 20 mmHg  

BOOST 2: prospective evaluation of a pbtO2- guided therapy after TBI 

Okonkwo et al, CCM 2017 
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BOOST 2: prospective evaluation of a pbtO2- guided therapy after TBI 

Time of compromized pbtO2 and ICP lower in the ICP+pbrO2 group 
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Okonkwo et al, CCM 2017 



BOOST 2: prospective evaluation of a pbtO2- guided therapy after TBI 

Mortality and worse outcome (GOSe) lower in the ICP+pbtO2 group 

 (p = ns) 
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Okonkwo et al, CCM 2017 



Summary 

• ICP and pbtO2 are outcome-relevant after TBI 

• Weak evidence behind current Brain Trauma Foundation guidelines 

• pbtO2 offers the opportunity of an individualized treatment 

• More robust data than for other monitoring tools (NIRS, rCBF, SjvO2...) 

 

• Goals: ICP < 20 mmHg, pbtO2 > 20 mmHg 

 

Practical tips: 

• Whom to monitor: severely affected, but salvagable patients 

• Not every patient is salvable – and not every low pbtO2 leads to worse 

outcome 

• Outcome effects are difficult to see and most likely lower than anticipated 
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