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What are we trying to do? 

Titrate your 
drugs 

Sevoflurane
Propofol
Opioids
? Remimazolam
? Dexmedetomidine 

Better 
outcomes 

Faster awakening
Less delirium
Less awareness
Less toxicity 

Measure 
something 

Depth of anaesthesia
Nociception 
Brain concentration



Questions 

• What are we measuring, and can we measure it?
• Will measuring and titrating improve outcomes?

• How are children different?  
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What is anaesthesia depth?
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The anaesthesia construct 
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Measuring consciousness

• EEG is not a direct measure of consciousness
• No EEG “ signature” which indicates consciousness
• Some patterns which preclude it 

• Alpha band
• Burst suppression
• High relative delta activity    



“Dysaesthesia”

• Using isolated forearm technique, many 
subjects respond to command under 
anaesthesia 

• Do not move spontaneously
• Do not remember anything

• Not “thinking”
• Responsive but not conscious



Consciousness

• Hard to define
• Cannot measure directly with EEG
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Is there a “Depth” of arousal

• If you have a low concentration of an anaesthetic and you provide a stimulus 
the patient may wake up, but not at a higher concentration, implying different 
levels of “rousability”

• Similarly, if you provide a surgical stimulus to an unconscious patient then 
you may see EEG changes

• Increasing concentration of anaesthetic changes the EEG
• Does this reflect changing the underlying arousal?
• Or, is it just a direct drug effect?
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Putting it all together 
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Anaesthesia depth 

• A useful but abstract construct 
• EEG can measure anaesthesia depth 

• Probably measuring underlying arousal 
• Indirectly give you an indication of the likelihood of being conscious 
• Agent dependent 



Processed EEG monitors 

• BIS
• Narcotrend
• Patient State Index (Sedline)
• Entropy 

• Power frequency relationships
• Burst suppression 
• Chaos (entropy)

• Dimensionless number 



Do they work in children? 



BIS “works” in older children 

End tidal sevoflurane concentration in each age group
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Older children: > 1-2 years 

• EEG changes during anaesthesia in a way similar to adults

• All “work” in older children 
• Indices decrease with increasing dose of hypnotic
• Differentiate between conscious and unconscious 



EEG during anaesthesia in children up to 3yrs

• 90 children aged 0-3yrs
• Multichannel EEG during sevoflurane anaesthesia

• Delta oscillations in all ages
• Theta and alpha appear at about 4 months
• Alpha oscillations increase up to 10 months
• Alpha frontal oscillations become coherent at about 

10 months







Children

• EEG is different 
• Is it more useful to look at the raw 

EEG and the spectrogram?



Do they change outcomes in children? 
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• 200 children aged 1-6 
• RCT, DSA guided sevoflurane anaesthesia 

• Less sevoflurane, less burst suppression
• No difference in delirium
• No difference in PACU times



• 40 children, 12-17 years
• RCT Narcotrend guided propofol 

sedation

• Less propofol
• Faster recovery times 



Neonates 



EEG during anaesthesia: Power and age

• Power very low in infants, increases with age (peak mid childhood) 

Age (days)



EEG in neonates and infants 

• Some activity form 12 weeks 
gestation 

• 24-27 weeks: discontinuous EEG 

• Discontinuous EEG pathological 
in the awake term baby

• But, common during anaesthesia

EEG after gas off in an infant
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EEG after bolus of propofol in a child
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“burst suppression” in infants





“burst suppression” in infants

• No evidence that it is harmful or reflects excessive anaesthesia  





• Neonatal rats
• 1.5% isoflurane – flat line EEG
• Noxious stimuli generate cortical activity – persisted with increasing doses of 

isoflurane  

• Older rats 
• Increasing burst suppression with isoflurane >1.5%
• Noxious stimuli were readily ablated with increasing doses of isoflurane 



• Volatile agents profoundly suppress the neonatal brain when no surgical 
stimulus 

• In neonates, volatile agents very poor at suppressing activity with noxious 
stimulus

• Burst suppression may be “just enough” rather than “excessive” 
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Measuring Nociception
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Nociception monitors 

• Motor reflexes
• CNS 
• Autonomic 



Nociception monitors 

• In adults – can be used to titrate opioids and predict post op needs

• Very little, if any, use in children



The future 

• Personalised monitors 
• Closed loop with agent delivery 
• Combined tech 



The future in paediatrics  

• Better processed EEG for older children – probably not
• Finding their place to improve care – maybe 

• Neonates…



Thank you
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