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Chapter 10
Network Physiology: Mapping Interactions
Between Networks of Physiologic Networks

Plamen Ch. Ivanov and Ronny P. Bartsch

Abstract The human organism is an integrated network of interconnected and inter-
acting organ systems, each representing a separate regulatory network. The behavior
of one physiological system (network) may affect the dynamics of all other systems
in the network of physiologic networks. Due to these interactions, failure of one sys-
tem can trigger a cascade of failures throughout the entire network. We introduce a
systematic method to identify a network of interactions between diverse physiologic
organ systems, to quantify the hierarchical structure and dynamics of this network,
and to track its evolution under different physiologic states. We find a robust rela-
tion between network structure and physiologic states: every state is characterized by
specific network topology, node connectivity and links strength. Further, we find that
transitions from one physiologic state to another trigger a markedly fast reorganiza-
tion in the network of physiologic interactions on time scales of just a few minutes,
indicating high network flexibility in response to perturbations. This reorganization
in network topology occurs simultaneously and globally in the entire network as well
as at the level of individual physiological systems, while preserving a hierarchical
order in the strength of network links. Our findings highlight the need of an inte-
grated network approach to understand physiologic function, since the framework
we develop provides new information which can not be obtained by studying indi-
vidual systems. The proposed system-wide integrative approach may facilitate the
development of a new field, Network Physiology.
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First-Passage Time Properties of Correlated
Time Series with Scale-Invariant Behavior
and with Crossovers in the Scaling

Pedro Carpena, Ana V. Coronado, Concepción Carretero-Campos,
Pedro Bernaola-Galván, and Plamen Ch. Ivanov

Abstract The observable outputs of a great variety of complex dynamical systems
form long-range correlated time series with scale invariance behavior. Important
properties of such time series are related to the statistical behavior of the first-
passage time (FPT), i.e., the time required for an output variable that defines the time
series to return to a certain value. Experimental findings in complex systems have
attributed the properties of the FPT probability distribution and the FPT mean value
to the specifics of the particular system. However, in a previous work we showed
(Carretero-Campos, Phys Rev E 85:011139, 2012) that correlations are a unifying
factor behind the variety of findings for FPT, and that diverse systems characterized
by the same degree of correlations in the output time series exhibit similar FPT
properties. Here, we extend our analysis and study the FPT properties of long-
range correlated time series with crossovers in the scaling, similar to those observed
in many experimental systems. To do so, first we introduce an algorithm able to
generate artificial time series of this kind, and study numerically the statistical
properties of FPT for these time series. Then, we compare our results to those found
in the output time series of real systems and we demonstrate that, independently of
the specifics of the system, correlations are the unifying factor underlying key FPT
properties of systems with output time series exhibiting crossovers in the scaling.

Keywords DFA • First-passage time • Fractal noises • Long-range correla-
tions • Scaling crossovers
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Network Physiology: From Neural Plasticity
to Organ Network Interactions

Plamen Ch. Ivanov, Kang K.L. Liu, Aijing Lin and Ronny P. Bartsch

Abstract The fundamental question in the new field of Network Physiology is how
physiologic states and functions emerge from networked interactions among diverse
physiological systems. We present recent efforts in developing new methodology
and theoretical framework adequate to identify and quantify dynamical interactions
among systems with very different characteristics and signal outputs. In this chapter,
we demonstrate the utility of the novel concept of time delay stability and a first
Network Physiology approach: to investigate new aspects of neural plasticity at the
level of brain rhythm interactions in response to changes in physiologic state; to
characterize dynamical features of brain-organ communications as a new signature
of neuroautonomic control; and to establish basic principles underlying hierarchical
reorganization in the network of organ-organ communications for different physi-
ologic states and functions. The presented results are initial steps in developing an
atlas of dynamical interactions among key organ systems in the human body.
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