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Monitoring Cerebral 
Perfusion 

• 133Xenon  

• Jugular bulb saturation 

• TCD 

• Cerebral oximetry 

 

X  intermittent 

X  invasive, mixed venous 

Dynamic 
cerebral 
autoregulation 



Perioperative 
Multimodality Neuromonitoring 

1. Technology 
2. Evidence for benefit 
3. Cerebral Autoregulation 
4. Extracerebral tissue 
5. Ultrasound Tagged NIRS - CBF 



TransCranial Doppler: Flow, Emboli 

MCA flow during 

Pulsatile perfusion 

during CPB 



Transcranial Doppler 

• Transtemporal  ‘window’ : inadequate in 20-
30% adults 

• Flow velocity ~ blood flow: constant arterial 
diameter (PaCO2, vasodilators) 

• Insonation angle Θ = velocity: unsteady, 
susceptible to movement 

• Emboli:  poor discrimination,  micro air = 
macro particles (multifrequency?) 



Cerebral Oximetry: Technology 
• Robust: adhesive patches, frontal access 

• Continuous, non-invasive 

• Low cerebral saturation 
  preoperative:  poor prognosis, > Euroscore 

  intraoperative:  cognitive dysfunction 
                  major organ dysfunction 

• Treatment Algorithm 
   Improve outcomes 

 

 
 

 

•    Dynamic Cerebral Autoregulation 
•    Extracerebral Contamination 



Evidence for Benefit 

• Preoperative Risk Assessment 

• Intraoperative Desaturation 

• Treatment Algorithm 

• Directed Interventions 

 



Preoperative Risk Assessment 

“Preoperative ScO2 levels are reflective of the severity of 
cardiopulmonary dysfunction, and  are associated with short and 
long-term mortality and morbidity” 



“Patients with  lower 
preop ScO2 had lower DQ 
at 30-36 mo…” 
 
“Preoperative cerebral 
desaturation may be 
underestimated as 
possible cause of adverse 
postoperative outcome” 

20 neonates without pre-
existing brain damage 
underwent arterial switch Sx 

Low cerebral saturation: Preoperative 



Intraoperative Desaturation 

Intraoperative desaturation 
implies adverse postoperative 

outcomes 



“What can be done? Its like watching a traffic 
accident…”  



Low cerebral saturation:  
  Treatment Algorithm 



Unrecognized venous outflow obstruction 



CAS meeting 2010: Denault  and colleagues 
report >90%  success restoring basal ScO2 



Directed Interventions: MOMM 
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Directed Interventions: Diabetic MOMM 



Directed Interventions: delirium 



Cerebral Oximetry? 



Cerebral Pressure Autoregulation
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Classical Cerebral Autoregulation  

‘flat’ 

Dynamic Autoregulation 

‘fluctuant’ 

ie. microcirculatory dynamics 



Dynamic Autoregulation: ‘fluctuant’ 

ie. microcirculatory dynamics 
• Instantaneous correlation between                             

TCD   ΔMCA-FV vs ΔICP 
• Modification: Δ NIRS vs Δ MAP 
• Moving average (300 sec) 
• Probability coefficient: Ø – 1.0  
  ie. no correlation vs complete correlation 
  (presence vs absence autoregulation) 

 
• Functional cutoff: < 0.4 
DAR: Very sensitive, variable  onset/duration 



 Dynamic Cerebral Autoregulation 



Issues: 



Cerebral NIRS s  
 85-95% intracerebral 
   5-15% extracerebral 
 
Confounds: 
 Scalp edema, 
 Hematoma 
 SDH 
 Frontal sinus 

Cerebral Oximetry: Extracerebral  



Elliptical photon path depth  approx 1/3 receiver/transmitter separation 
 

Subtraction algorithm to separate superficial from deep tissue 

Cerebral Oximetry: 
   Extracerebral Contamination 



Cerebral Oximetry: 
   Extracerebral Contamination 

“…a significant reduction in 
regional cerebral oxygen 
saturation measurements in all 
three NIRS devices  studied” 
 

“Extracerebral contamination 
appears to significantly affect  
NIRS measurements of  
cerebral oxygen saturation” 



Cerebral Oximetry: 
   Extracerebral Contamination 



Cerebral Oximetry: 
   Extracerebral Contamination 

“skin oxygenation contributes about 30% 
to  the NIRS signal…” 
 
 “…nevertheless spatial resolved 
NIRS is able to  detect cerebral 
deoxygenation associated with 
hyperventilation and systemic hypoxic 
exposure…” 



What’s New? 
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UTLight technology 
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High Blood Flow 

Low Blood Flow 

• Photons that travel through the path of the ultrasound wave are “tagged” and 

can be identified upon detection, by detecting an artificial Doppler shift induced 

by the moving ultrasound waves 

• Ultrasound waves are directional, and travel slowly.  

• Thus the path of the photons is measured and not assumed to be equal – The 

profile of the light is measured along the ultrasound path 

• Oxygen saturation is calculated from the ratio of three different profiles (at 

different wavelengths), at a certain depth. 

• Flow is calculated from the flow induced Doppler shift of the light profile. 



New:  Ultrasound Tagged Cerebral NIRS 
              Acousto-optic Coupling 

• UT-NIRS allows measures 
of microcirculatory CBF  
 
• Doppler U/S focusing 
removes extracerebral 
signal 
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Concurrent measurement with CerOx and 133Xe SPECT 

Diamox 

Oximetry and Flow Following Acetazolamide 

CONFIDENDIAL 





Emboli post AVR 

CFI: Direct NIRS Monitoring of CBF 

Real time correlation of TCD vs CFI 

Microcirculatory  vasodilatory 
response to  microgaseous 
embolic  ischemia   

Murkin JM, et al 
UWO, London, ON 



Summary 
• Cerebral oximetry reflects oxygen saturation in 

high risk/’protected’ organ: brain 

• If brain sats low, either:  

   global hypoperfusion  

  or    

   localized brain ischemia 

• Cerebral oximetry allows further preoperative 
quantification of  risk/optimization 

• ‘false’ positives d/t extracerebral tissue 

   v/c  (phenylephrine) may exacerbate 

• → newer technology (precise ScO2 and CBF) 



Maxwelton Braes, Harrington, Ontario 


