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Primary brain injury

Secondary insults

Bouzat P, Sala N, Payen JF, Oddo M. 2013

ISCHEMIA/HYPOXIA
 Perfusion;  Oxygen

EDEMA
 ICP

ENERGY DYSFUNCTION
 metabolism (seizures, T°);  glucose



Functional neuro-physiologic exploration

Brain multimodal monitoring

Oddo M, Villa F, Citerio G. Brain multimodality monitoring. Curr Opin Crit Care 2012

ISCHEMIA/HYPOXIA
 Perfusion;  Oxygen

EDEMA
 ICP

ENERGYDYSFONCTION 
 metabolism (seizures, T°);  glucose

Brain tissue oxymetry 
(PbtO2)

Intracranial pressure
(ICP)

Cerebral microdialysis 





Technology 

• Polarographic Clark-type cell with reversible electrochemical electrodes

– Constant calibration of the system to patient temperature

– Licox PbtO2 probe (Integra)

– Neurovent PTO (Raumedic)

Oddo M, LeRoux PD. Brain tissue oxygen. In Monitoring in Neurocritical Care Chapter 35. Elsevier.



Catheter insertion

• Small intra-parenchymal catheter (0.5 mm diameter)

• Via a multiple-lumen bolt

– Integra bolt

– Raumedic

• Via a tunnelisation during craniotomy

• Combined monitoring of ICP, Brain Temp, neurochemistry (cerebral 
microdialysis)

Oddo M, LeRoux PD. Brain tissue oxygen. In Monitoring in Neurocritical Care Chapter 35. Elsevier.



Catheter location

Oddo M, LeRoux PD. Brain tissue oxygen. In Monitoring in Neurocritical Care Chapter 35. Elsevier.



Rosenthal G et al. Crit Care Med 2008

Physiologic determinants of PbtO2
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Physiologic determinants of PbtO2



PbtO2 ≈ CBF x (PaO2 – PvO2)

 CBF, CPP

 PaO2, systemic oxygenation

 PvO2, oxygen transport, Hgb

PbtO2
Normal 25-40 mmHg

Hypoxia <15-20 mmHg

Rosenthal G et al. Crit Care Med 2008







PbtO2 ≈ CBF x (PaO2 – PvO2)

 CBF, CPP

 PaO2, systemic oxygenation

 PvO2, oxygen transport, Hgb

 barriers to oxygen diffusion

PbtO2
Normal 25-40 mmHg

Hypoxia <15-20 mmHg

Oddo M, LeRoux PD. Brain tissue oxygen. In Monitoring in Neurocritical Care Chapter 35. Elsevier.







Clinical utility of PbtO2 monitoring

Oddo M, LeRoux PD. Brain tissue oxygen. In Monitoring in Neurocritical Care Chapter 35. Elsevier.



MAP/CPP augmentation

Johnston A Crit Care Med 2005; Raabe A J Neurosurgery 2005; Jaeger M Crit Care Med 2006; 
Nortje J Br J Anaesth 2006; Jaeger M Crit Care Med 2010



H= induced hypertension alone         HH= hypervolemia-hemodilution HHH= H + HH

PbtO2 response to MAP/CPP augmentation after SAH

Muench E et al. Crit Care Med 2007



Oddo M et al. Neurosurgery 2011

N=103 patients with severe TBI monitored with ICP and PbtO2





➢ 2/3 monitors are better 
than one (ICP alone)





➢ Optimal individual CPP was found in the majority of patients and was correlated 
to the CPP level = plateau of PbtO2

• Average PbtO2 at optimal CPP was 24.5 mm Hg

• Median optimal CPP 70 - 75 mm Hg (range 60 - 100 mm Hg) 

Crit Care Med  2010



Systemic oxygenation



➢Hgb < 9 g/dL  hypoxia
✓PbtO2-targeted RBC transfusion (?)



RBC transfusions increase PbtO2

• Leal-Noval SR

– Int Care Med 2006

• Leal-Noval SR

– Crit Care Med 2008

• Zygun D

– Crit Care Med 2009



Oddo M et al. Neurosurgery 2011



ICP/CPP vs. PbtO2-directed therapy after TBI

Author Stud
y

PbtO2-
therapy

ICP/CPP
therapy

PbtO2

threshold
Outcome 
endpoint

Results

Meixensberger
2003

R 52 39 10 6 months GOS No benefit; 65% vs. 54% 
(P=0.27)

Stiefel
2005

R 27 26 25 mortality at 
hospital 

discharge

Reduced mortality; 25% vs.44% 
(P<0.05)

Martini
2009

R 123 506 20 FIM at 
hospital 

discharge

Worse outcome; FIM 7.6 vs. 8.6 
(P<0.01)

Adamides
2009

P 20 10 15 6-month GOS No difference in outcome

McCarthy
2009

P 81 64 20 3-month GOS Better outcome; 79% vs. 61% 
(P=0.09)

Narotam
2009

R 127 41 20 6-month GOS Better outcome; GOS 3.5 vs. 2.7 
(P=0.01)

Spiotta
2010

R 70 53 20 3-month GOS Better outcome; 64% vs. 40% 
(P=0.01)

Fletcher 
2010

R 21 20 20 morbidity Higher cumulative fluid balance and 
vasopressor use, higher rate of 

pulmonary edema

Green
2013

R 37 37 20 mortality No benefit; 65% vs. 54% 
(P=0.34)



– Safety
• 4 single-center studies specifically tested safety issues

– 15% rate of bacterial colonization susceptible to induce CRI in 1 study

– Catheter provided accuracy beyond 24 hrs in 1 study 

– Technical complications (catheter could not be calibrated) in 5/18 (28%) 
patients

– No studies on SAH patients

SjvO2 monitoring 



– Reliability
• Proper position 26/32 (81%) pts (1 study)

• Correspondence rates when bilateral SjvO2 monitoring is performed

– 1 study (Lam, 1996)
• Good (80-100%) 9/13

• Moderate (50-80%) 2/13

• Poor 2/13

– 1 study (Metz 1998 JCBFM)
• SjvO2 variability rate 1.5-21.5%

– 1 study (Stocchetti)

• SjvO2 differences of more than 15% in half of the patients

SjvO2 monitoring 



Study P I O

Fandino, 
1999

TBI 
(n=9)

PbtO2 vs. 
SjO2

Low correlation between SjvO2 and PbtO2 during CO2 reactivity
test. 

In comparison to SjvO2, PbtO2 more accurately
detects focal ischemic events

Gupta, 
1999

TBI 
(n=13)

PbtO2 vs. 
SjO2

In areas without focal pathology, good correlation between
changes in SjVO2 and PbO2 (r2 = 0.69, P < 0.0001). 

In areas with focal pathology, no correlation between SjVO, and 
PbO2 (r2 =0.07, P = 0.23). PbtO2 reflects regional brain

oxygenation better than jugular bulb oximetry.

Kiening, 
1996

TBI 
(n=15)

PbtO2 vs. 
SjO2

The "time of good data quality" was 95% in brain PtiO2 vs. 43% in 
SjvO2; PtiO2 monitoring could be performed twice as long as 

SjvO2 monitoring.

Meixensberger
, 1998

TBI 
(n=55)

PbtO2 vs. 
SjO2

Analyzing reliability and good data quality PbtO2 (up to 95%) was
superior to SjvO2 (up to 50%).



• Technical problems (extra-cranial contamination)
• Lack of standardization
• No established target values, just intra-individual trends
• Very poor data quality in NICU patients
• Integration into MMM concept possible

Near-infrared spectroscopy



2. Titrate CPP threshold
•  MAP  10 mm Hg (norepinephrine)

4. If Hgb < 9 g/dL
• give RBC transfusion

3. Check PaO2/FiO2

• if ARDS,  PEEP 2-4 cmH2O

• adjust ventilatory parameters (PaCO2)

1. ICP > 20 mm Hg
• treat elevated ICP

BRAIN HYPOXIA
PbO2 < 20 mm Hg

Bouzat P, Sala N, Payen JF, Oddo M. Annals of Intensive Care 2013


