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Revealing cardiac autonomic neuropathy through statistical analysis of crucial events
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Abstract
Crucial events embedded in bio-signals such as heart rate are important in understanding physiological function and identifying disease and disease progression. Traditionally bio-signals have been analyzed using time and frequency domain analysis as well as various entropy and multiscale measures to address the nonlinearity and non-stationarity found in heart rate dynamics. Heart rate dynamics are a function of the interactions between branches of the autonomic nervous system, the endocrine system and intrinsic regulatory electro-mechanics of the heart. Complex interactions between these networks and the resulting heartbeat dynamics are a reflection of crucial events manifesting as fluctuations of the inter-beat intervals. The current study investigates the occurrence of crucial events in cardiac autonomic neuropathy. 
Methodology and Theoretical Orientation: 
The method of analysis is based on the assumption that physiological processes are forms of self-organization, generating crucial events. The crucial events of a complex network are equivalent to the change of a swarm flying different directions, with no organization breakdown, but important for the exchange of information with other complex networks, for instance, the exchange of information between heart and the brain. The time distance between two consecutive crucial events can be given by the waiting time distribution density with inverse power law index μ, with μ < 3 (see figure). 
Conclusion and Significance:
The maximal variability, corresponding to healthy heart-beats, is realized by μ very close to μ = 2. Of interest is that the fluctuations hosting crucial events are multifractals.  As an effect of autonomic neuropathy, μ moves from the healthy condition μ = 2 towards the value μ = 3 and beyond it, as a signature of a severe cardiac pathology. The crucial events are sensitive to complex stimuli sharing the same complexity, thereby suggesting new forms of bio-feedback based on the complexity matching principle rather than on the transport of information through either resonance or chaos synchronization. 
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The variable ε < 1 denotes the concentration of crucial events. The scaling δ is related to the power law index by the relation δ = 1/ (μ-1). Thus on the right-hand side of this image we see that in addition to μ moving from values closer to the ideal condition μ = 2 to values closer to 3, the concentration of crucial events decreases.  We may make the intuitive conclusion that the ideally healthy physiological condition corresponds to ε = 1, μ = 2, while the opposite case of extremely severe pathology corresponds to μ = 3 and ε = 0. 
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