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Abstract

Neural mass model-based tracking of brain states from electroencephalographic signals holds the promise of simulta-

neously tracking brain states while inferring underlying physiological changes in various neuroscientific and clinical

applications. Here, neural mass model-based tracking of brain states using the unscented Kalman filter applied to es-

timate parameters of the Jansen-Rit cortical population model is evaluated through the application of propofol-based

anesthetic state monitoring. In particular, 15 subjects underwent propofol anesthesia induction from awake to anes-

thetised while behavioural responsiveness was monitored and frontal electroencephalographic signals were recorded.

The unscented Kalman filter Jansen-Rit model approach applied to frontal electroencephalography achieved reason-

able testing performance for classification of the anesthetic brain state (sensitivity: 0.51; chance sensitivity: 0.17;

nearest neighbor sensitivity 0.75) when compared to approaches based on linear (autoregressive moving average)

modelling (sensitivity 0.58; nearest neighbor sensitivity: 0.91) and a high performing standard depth of anesthesia

monitoring measure, Higuchi Fractal Dimension (sensitivity: 0.50; nearest neighbor sensitivity: 0.88). Moreover, it

was found that the unscented Kalman filter based parameter estimates of the inhibitory postsynaptic potential am-

plitude varied in the physiologically expected direction with increases in propofol concentration, while the estimates

of the inhibitory postsynaptic potential rate constant did not. These results combined with analysis of monotonicity

of parameter estimates, error analysis of parameter estimates, and observability analysis of the Jansen-Rit model,

along with considerations of extensions of the Jansen-Rit model, suggests that the Jansen-Rit model combined with

unscented Kalman filtering provides a valuable reference point for future real-time brain state tracking studies. This

is especially true for studies of more complex, but still computationally efficient, neural models of anesthesia that

can more accurately track the anesthetic brain state, while simultaneously inferring underlying physiological changes

that can potentially provide useful clinical information.
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