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Bursting activity suppression, a phenomenon character-
ized by sequences of alternating quiescent (‘down’) and
bursting (‘up’) states, is ubiquitously present during

deep sedation in general anesthesia and can be observed
in LFPs and in EEG recordings as well [1,2]. However,
the dynamical principles underlying such phenomena
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Figure 1 Bi-stability in a simplified neural-mass version of the Hutt & Longtin model [3], with neuron firing rates functions of Heaviside kind. A.
2D phase-portrait in the PSPs membrane potentials, showing the vector field (arrows) and sample free-noise trajectories (blue) that converge to
either of two existing attractors. An oblique line, containing unstable (saddles) states, largely separates the attraction basins. B. Noise-induced
alternations between a larger (up state) and a smaller (down state) value can be tracked according to the current distance of the trajectory to
the saddle line. C, D. Histograms of the residence times in each of the stable states. E, F. The mean residence times as a function of the
propofol level (p) and the inverse of the excitatory synaptic impulse response time-scale (a).
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are unclear. Prevailing theoretical approaches to this
problem suggest that such bi-stable dynamics could be
explained by the existence of notable non-linearities in
the neuronal membrane potential as a function of the
anesthetic agent, with frequent noise-induced transitions
between two stable (attracting) branches. Nevertheless,
the mathematical tractability of those models is rather
limited due to the dimensionality (2D) of the phase-
space (see Figure 1). It has been shown for a neural-
mass version of the model proposed in [3], that the
2D-trajectory likely escapes to the other attractor trough
a limited section of the saddle-line separating the attrac-
tions basins [4]. This prediction is here supported by
numerical simulations, permitting the simplification of
the dynamics to a simpler two-state trace. Relevant sta-
tistics can then be extracted, including histograms of the
duration of the visit in each state that may support
future analytical calculations of the EEG power spec-
trum following renewal theory [5]. Interestingly, it is
found that only the average waiting time in the ‘up’
states is a non-linear decreasing function of p, differ-
ently to the residence time in the ‘down’ state that
behaves linearly in p and in the synaptic time-scale
(1/a) direction as well.

Published: 21 July 2014

References
1. Ferron JF, et al: J. Neuroscience 2009, 29(31):9850-9860.
2. Wilson M, et al: J Biological Physics 2010, 36:245-259.
3. Hutt A, Longtin A: Cognitive Neurodynamics 2009, 4(1):37-59.
4. Rodriguez P, Hutt A: Bernstein Conference 2013.
5. Stratonovich RL: Topics in the theory of random noise:Volume I, Ch. 6.

Gordon and Breach 1962.

doi:10.1186/1471-2202-15-S1-P139
Cite this article as: Garcia-Rodriguez and Hutt: Bursting suppression in
propofol-induced general anesthesia as bi-stability in a non-linear
neural mass model. BMC Neuroscience 2014 15(Suppl 1):P139.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Garcia-Rodriguez and Hutt BMC Neuroscience 2014, 15(Suppl 1):P139
http://www.biomedcentral.com/1471-2202/15/S1/P139

Page 2 of 2


	References

