"Anesthesia" Parameter Optimization

Anesthesia Step 1: Using a genetic algorithm for 150
generations across 50 parallel runs, minimize an objective
function set up to 1) increase cortical LFP amplitude to match
empirical propofol data, 2) increase delta power to match
empirical propofol data, 3) increase slow wave power to match
empirical propofol data, 4) minimize the average cortical firing
rate, and 5) maximize the chaoticity of the cortical LFP

Of the resulting parameter configurations, selected
the two which produced cortical LFPs with a largest
Lyapunov exponent greater than 1.3, a reduction

in mean cortical firing rate, a cortical LFP with
Lempel-Ziv complexity less than 1, and visually
resembled real anesthesia recordings as the starting
population for Anesthesia Step 2

Anesthesia Step 2: Using a genetic algorithm for 50
generations across 50 parallel runs, minimize an objective
function set up to 1) ensure that the anesthesia parameters

produce consistently chaotic dynamics within 10% of a full
anesthetic "dose," and 2) maintain a low-firing rate, low
complexity, low high-frequency power, and high low-frequency
power
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Selected the two resulting parameter configurations
which produced the most chaotic cortical LFP
dynamics within +/- 10% of the full anesthetic
"dose" as the starting population for Anesthesia Step
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Anesthesia Step 3: Using a genetic algorithm for 50
generations across 50 parallel runs, minimize the same

objective function as in Anesthesia Step 2, but averaged across
an anesthetic "dose" range of 25%, 50%, 75%, 100%, and
125%, with a random 10% jitter around each dose in each
generation
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Selected the 25 resulting parameter configurations
which produced the lowest error in the objective
function as the starting population for Anesthesia

Step 4
Anesthesia Step 4: Using a genetic algorithm for 50
generations across 50 parallel runs, minimize the same
objective function as in Anesthesia Steps 2-3 for the 100%

anesthetic "dose" (with 10% jitter around the dose) but
increasing the error for reducing high-frequency power, and
simply ensure that all anesthetic "doses" under 75% remain
within the chaotic phase

Selected the resulting parameter configuration
which produced the most chaotic cortical LFP

with the lowest high-frequency power as the starting
population for Anesthesia Step 5

Anesthesia Step 5: Using a genetic algorithm for 50
generations across 50 parallel runs, minimize the same
objective function as in Anesthesia Step 4, but adding an error
term to increase the low-frequency power of the thalamic LFP

Selected the resulting parameter configuration
which produced the most chaotic cortical LFP
with the lowest high-frequency cortical LFP power

Anesthesia Step 5: Using a genetic algorithm for 150
generations across 50 parallel runs, minimize the same
objective function as in Anesthesia Step 4, but adding an error
term to increase the low-frequency power and decrease the
high-frequency power of pallidal LFPs
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Selected the parameter configuration which
produced overall the largest increase in thalamic
LFP amplitude, thalamic LFP delta power, and
cortical LFP delta power, as well as the largest
drop in the LZ-complexity of both cortical and
thalamic LFPs, the largest reduction in cortical
firing rate, and the largest reduction in cortical
high-frequency LFP power as the "anesthesia"
parameters

Fig. 6-figure supplement 2: We here depict the workflow for the use of genetic optimization to
derive model parameters for the anesthesia state of the mean-field model, starting from the param-
eters for the wake state of the mean-field model.



