
Phys-17B4 Describe the generation and features of a normal awake EEG. 
Briefly discuss the processing performed by quantitative EEG monitors (such as BIS or 
Entropy) to produce a single number. 
 
Unprocessed Awake EEG 
 
EEG is a surface recording of summed excitatory and inhibitory electrical potentials 
that arise from neurones in the cerebral cortex. 
 
Normal awake EEG is usually comprised of alpha rhythm with beta activity. It is 
asynchronous, low amplitude and high frequency as compared to asleep (or 
anaesthetised) EEG. 
 
Normal awake EEG has the following features: 
 
Alpha rhythm 

- normal wakefulness, more prominent (↑amplitude) when eyes closed 
- location = usu. posterior dominance 
- frequency = 8 ~ 12 Hz (younger children = lower freq) 
- amplitude = 20 ~ 100 V  
- morphology = rhythmic, regular, waxing and waning amplitude 

 
Beta activity 

- relaxed wakefulness or early drowsiness, more prominent during early stages of 
sleep, attenuated by voluntary movement 

- location = usu. frontocentral (more variable) 
- frequency = usu. 18 ~ 25 Hz (defn is > 13 Hz) 
- amplitude = 5 – 20 V 
- morphology = rhythmic, waxing and waning amplitude 

 
Raw EEG is complex and requires expertise to interpret, which currently makes it 
impractical for use during clinical anaesthesia. 
 
Processed EEG 
 
Currently, the two main forms of processed EEG used for depth of anaesthesia 
monitoring are BIS and Entropy. 
 
They both involve collecting frontal EEG using forehead sensor and subjecting this to 
proprietary processing algorithms. 
 
Covidien BISTM 

- Fourier transformation of raw frontal EEG into its component sine waves 
- component sine waves are further analysed with respect to their frequency 

distribution, power and phase 



- the extracted subcomponents (frequency and phase) are recombined using 
proprietary algorithm 

- proprietary algorithm derived from healthy adult volunteers who underwent 
repeated transitions between consciousness and unconsciousness using various 
anaesthetic regimes using multivariate logistic regression 

- EMG and other sources of interference (e.g. diathermy) are recorded and filtered 
- the resulting BIS value is a dimensionless number between 0 and 100, with 0 

representing cortical electrical silence and 100 representing normal cortical 
activity 

- the suggested depth of anaesthesia is between BIS values of 40 and 60 
 
Datex-Ohmeda EntropyTM 

- combination of time and frequency domain analysis 
- Fourier transformation of raw frontal EEG into its component sine waves and 

then power spectrum is obtained 
- Shannon function is applied to obtain the spectral entropy (a measure of 

“disorder” within the power spectrum) 
- interference (e.g. diathermy) is filtered out 
- spectral entropy obtain over the entire range of frequencies (0.8 Hz to 47 Hz) = 

response entropy  contains both EEG and EMG components 
- spectral entropy obtained over narrower frequency range (0.8 Hz to 32 Hz) = 

state entropy  contain predominantly EEG component 
- both SE and RE are dimensionless numbers between 0 and 100, with 0 

representing completely synchronous cortical activity (i.e. silence) and 100 
represent completely irregular cortical activity (i.e. wakefulness) 

- if RE = SE  EMG contribution is zero 
- if RE >> SE  significant EMG contribution (suggest muscle relaxant worn off or 

inadequate analgesia) 
 
Addendum 
 

 



 
Above figure is an example of normal adult awake EEG with alpha rhythm 
Note: the posterior predominance (P3-O1 and P4-O2), esp. the 10 Hz waves when eyes 
closed 
Large blips correspond to EMG interference from eye opening and closing 
 
Examiner’s Comments 
 
In the first part of the question, candidates’ answers should include that EEG is the 
summation of excitatory and inhibitory potentials of the cortical pyramidal cells. 
EEG is typically small with low voltage in the order of 0-200 μV. The EEG is 
characterized by its frequency and amplitude of the waveform. A few candidates were 
able to recall the four main frequency bands (13 Hz, β wave), but many of the figures 
were often incorrectly cited. It should be noted that normal awake EEG is 
asynchronous, of low voltage and high frequency.  
 
The second part of the question asked for methods that convert complex EEG waveform 
into a single number. This often include multiple techniques such as time-domain 
analysis (e.g. burst suppression), frequency analysis (e.g. β ratio, spectral edge 
frequency) and others like bicoherence or entropy (irregularity) analyses of the 
waveform. 
 


