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So should cerebral oximetry used clinically

- in extremely preterm infants? 

- during the first days after birth?



2009: ’we do not want to disturb unless necessary’

Examine the clinical benefits and harms of cerebral oximetry

The SafeBoosC consortium (www.safeboosc.eu)
(Copenhagen, Utrecht, Madrid, Zurich, Leuven, Lyon, Milan, Cork, Cambridge, 

Tubbingen, Graz, Groningen)



Physiology-based guideline to minimize cerebral hypoxia 

(Pellicer et al Neonatology 2013)

https://www.trialeducation.info/



N = 86 

GA = 26.6 wks
N = 80 

GA = 26.8 wks

P < 0.0001

Infants enrolled in:

Lyon

Madrid

Copenhagen

Cork

Utrecht

Graz

Milan

Cambridge

SafeBoosC-II

(Sørensen et al. BMJ. 2015)

P < 0.001

Burden of cerebral hypoxia can be reduced by 50%



SafeBoosC-III  - a pragmatic trial 

with a clinically relevant outcome

34% death or severe brain injury at 36 wks

Reduction to 26%

N = 800 +800

Using calibrated oximeters approved for clinical use
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Cerebral oximetry No Cerebral oximetry

Death and/or severe 

brain injury 272 (35.2%) 274 (34.0%)

Survived without severe 

brain injury 500 536

Primary outcome known for 98.6% of infants (1579 of 1601)

Relative risk = 1.03 [ 0.9 – 1.18 ]







The play of chance: could the effect be -1% risk?

-1% vs ‘null’ = 0,91 



The play of chance: could the effect be -1% risk?

-1% vs ‘null’ = 0,91 

& there must be (a few) situations where it will be helpful !?



• Staff did not react to alarms

• Staff did not know what to do

• Oxymeters are not very precise 

• Accuracy is uncertain

• The hypoxic threshold was wrong

• Brain hypoxia is not so important

But why did it not work?
(as well as we thought it would)



(Riera et al. Arch Dis Child 2015)

SafeBoosC-II: Alarms and interventions in the NIRS-open group 

(N=67)



https://www.trialeducation.info/







Precision?



Repeatability (precision) = 5.2%

(Sorensen  J Biomed Opt 2006)

Precision is poor



Accuracy?



Arterial cuff occlusion and two oximeters on the forearm in healthy adults

Switch of sites



StO2,SenSmart X-100 = 

0.59 (CI 0.58 to 0.59)* StO2,INVOS 5100C

+ 34.4% (CI 34.0 to 34.8%)  (r2 of 0.95) 



pulseoximeter

cerebral oximeter2

cerebral oximeter1

(Andresen et al. Ped Res 2019)

SpO2 and StO2 (two commercial oximeters) in apnea/desaturation



StO2,SenSmart X-100 = 

0.34 (CI 0.31 to 0.37)* StO2,INVOS 5100C

+ 44.8% (CI 43.2 to 46.6%) (r2 = 0.458). 

Blood-lipid phantom

0.38

42.7



Heterogeneity: I2 = 97.0% (P < 0.0001). 



Heterogeneity: I2 = 97.0% (P < 0.0001). 
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(Dehaes et al. J Biomed Opt 2011)



The hypoxic threshold?



Rats in N2 – with a K-electrode in the  brain stem



Single flash-VEP

Tc-pO2



Levene’s model for hypoxic-ischaemic brain injury



Adding CO2-gas to the hypoxic gas improves outcome

(Vannucci et al. Pediatr Res 1997)



Too low blood flow = ischeamia

Warning zone

50% of normal



FT         BS       DC       CA        SEIZ

(Greisen et al. Brain Dev 1990)

(Greisen. Acta Pædiatr Scand 1986)

Normal value for adults

Thalamic

EEG-generator?



White matter flow in 16 preterm babies, 26-32 weeks gestation

(Børch et al. Acta Paediatr 2010)

Mean arterial blood pressure (mm Hg)



(Kurth JCBFM 2002)

The safe level of cerebral oxygenation in the newborn? (piglet)

55%

40%

Device calibration



Causation of brain injury is likely to be (very) complex. 

Prenatal

genetic

teratogenic/toxic

nutritonal

hormonal

Antenatal

hypoxic

infection/inflammation

Peripartal

asphyxic

traumatic

Neonatal

Maladaptation

haemorrhagic

hypoxaemic

ischaemic

infection/inflammation

hormonal

Nutritional

Monitoring of cerebral oxygenation



24 wks

25 wks

40 wks





?
+ more than brain injury



What now?

Clinical use?

Research?



… the end


