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Editorial on the Research Topic
Dynamical systems, PDEs and networks for biomedical applications:
Mathematical modeling, analysis and simulations

In recent decades, mathematics for healthcare [1] and quantitative biomedicine have become
increasingly important. This research area includes various aspects such as modeling, analysis and
simulation of numerous highly relevant processes in clinical practice and combines different
scientific disciplines like biology, bioengineering, physics, mathematics and medicine. Important
biomedical applications are for instance cellular, biochemical and biomolecular processes, tumour
growth, electrophysiology of the heart or the brain, tissue regeneration and biomedical
engineering. In this line of research, mathematical and computational modeling, cf. e.g. [2-4],
have become essential components in interdisciplinary and multidisciplinary research projects
and contributes significantly to a better understanding of real-world phenomena. The great
importance of this research field also results in the establishment of numerous research centres
and research groups in the field of mathematics for healthcare and quantitative biomedicine.

New interdisciplinary research fields like computational cardiology [5], computational
neurosciences [6] and computational oncology [7] arise and can be used to develop new
therapies and help in improving clinical decision [8-12]. There are plenty of important
examples of mathematical and numerical approaches which are applied to drug (safety) testing
or drug development, the analysis and simulation of complex dynamics in the heart or the brain such
as cardiac arrhythmias [13] or seizures [14], and are becoming more and more relevant these days.
Computer modeling of complex dynamic processes like wound and bone healing [15] gives new
insights into how such complex biological processes work and helps to make better predictions.

The origins for these developments lie in the great opportunities for developing not only complex
(and detailed) models that can be tested against experimental data, which is becoming available in
increasing amount and quality, but also computational methods to solve these models. Together, this
opens new challenges and prospects for a systematical investigation of both biological and
mathematical issues from life science. Thus, this Research Topic is focused on advanced methods
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in mathematical and computational modeling of biomedical phenomena
using (experimental) data, their analysis and numerical simulations that
contribute to a significantly improved comprehension of these
phenomena. The main focus of this Research Topic is three-fold: 1)
modeling approaches using differential equations or networks describing
the behavior of single cells, cell groups, tissue or organs. 2) The analysis of
the dynamics and behavior of certain biomedical models improving the
state-of-art understanding of certain phenomena like cardiovascular and
neurological diseases and disorders. 3) Improved numerical methods to
simulate and analyze complex biomedical models.

In computational cardiology, the electrophysiological behavior of
cardiac tissue is usually modelled either by the monodomain or
bidomain models, which mathematically represent coupled systems of
partial and ordinary differential equations, and give insights into the
conduction properties of the electrochemical wave traversing the cardiac
muscle. The bidomain model is considered to be the gold standard for
numerical simulations and the monodomain model is a special case
assuming equal anisotropy rates. Jeeger et al. studied and compared the
bidomain model, which represents the average over a large number of
cardiomyocytes, and the EMI model, which is considered to be more
accurate since it includes explicitly the extracellular space (E), the cell
membrane (M) and the intracellular space (I). The authors showed the
limitation of the bidomain model and that it can be derived directly from
the cell-based EMI model as well as their similarities. Both models provide
remarkably similar results when the parameters of importance for the
conduction velocity lie in the normal range. The authors concluded that
the bidomain model represents normal cardiac conduction very well if the
scale of interest contains many cells, but cannot be used to study
conduction in the vicinity of individual cells. Therefore, depending on
the biomedical application one has three accurate models of different
complexity and different numerical efforts. In this line of research,
Mulimani et al. and Zykov et al. studied different types of spiral waves
occurring in monodomain models. Monodomain models have been
proved to be good approximations of cardiac tissue for wave
propagation. Mulimani et al. focused their investigations on the effects
of cellular parameters on the properties of the action potential of a
myocyte. For instance, this study provides an understanding of how
changes in the action potential at single-cell level can be related to changes
in spiral-wave frequency at tissue level, which may also result in life-
threatening cardiac arrhythmias. Furthermore, Zykov et al. investigated
spiral wave instability in a modified Barkley model and showed the
existence of two quite different parameter regions of this instability. The
first region can be linked to the presence of a Hopf bifurcation and is a well
known scenario, while the second region cannot be explained by a Hopf
bifurcation and a hysteresis phenomenon was detected on its boundary.
Besides the efficient modelling of a certain problem, the development of
advanced numerical algorithms are important. Xiao et al. introduced a
Fourier filter-based physics-informed convolutional recurrent network
that can solve partial differential equations without labeled data. This
approach was applied to several problems such as the two-dimensional
viscous Burger’s equation and FitzHugh-Nagumo reaction-diffusion
equations. On single-cell level Hustad et al. pointed out that ODE
computations can use a substantial fraction of the total computer time
of a heart simulator and they focused on systematically studying how to
efficiently use modern multicore CPUs for this costly computational task.
Furthermore, they concluded that the largest performance improvement
of the ODE solvers arises from using SIMD vectorisation. Molinari et al.
established an experimentally calibrated computational model of ex-vivo
cardiac radiofrequency catheter ablation featuring the inclusion of three-
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dimensional myocardial anisotropy, the implementation of a multi-scale
time lag thermal ablation model, and the adoption of a model of cell death
for the estimation of tissue damage and lesion sizing. The investigation
gave new insights into the anisotropic thermal behavior of cardiac tissue
and proved that the intrinsic anisotropic microstructure plays a crucial
role in the thermo-electrical response of the tissue undergoing
hyperthermic treatments.

In the realm of neuroscience, Daversin-Catty et al. introduced a new
mathematical and numerical formalism of pulsatile viscous fluid flow in
networks based on topological and geometrical model reduction, which is
a robust and effective computational approach for large scale in silico
studies. Moreover, different computational scenarios were studied, e.g.
perivascular space flow induced by cardiac pulse wave-induced
movement of the inner vascular wall. Furthermore, the framework
established a foundation for future computational studies of
perivascular flow to improve our understanding of brain transport.
Yamakou et al. investigated coherence resonance and self-induced
stochastic resonance in multiplex neural networks, which consist of
electrically connected FitzHugh-Nagumo model neurons, in the
presence of spike-timing-dependent plasticity. Here, several important
questions leading to interesting future research directions were addressed,
such as: Which of these noise-induced resonance phenomena is more robust
to parametric perturbations? In order to better understand burst
generation in inhibitory half-center central pattern generators, Olenik
et al. studied a minimal network of two neurons coupled through
depressing synapses. They have shown that synaptic depression of
inhibition can enable the two-cell (Morris-Lecar model) network to
produce burst solutions of different periods, when the strength of the
maximum synaptic conductance is varied. Furthermore, Liu et al.
investigated BAM neural networks with delays. By using generalized
Halanay inequalities and constructing appropriate Lyapunov functionals,
some novelty criteria are obtained for the asymptotic stability of BAM
neural systems with time delays. Spiliotis et al. analyzed network dynamics
under healthy, Parkinsonian and deep brain stimulation conditions with
the aim to improve deep brain stimulation treatment. For this purpose the
authors built a large scale computational model that consists of certain
elements of the basal ganglia network. This new approach is based on the
detection of network communities or modules central to activity
distribution. The aim of the paper was two-fold: 1) to identify
positions of nodes of high functional impact using network analysis
and 2) to explore the relationship between anatomical structure and
neural activity using modified Hodgkin-Huxley models. The analysis
showed that in all modular areas, Parkinsonian conditions alter power
spectrogams.

The last area of this Research Topic concerns modeling and analysis
to inform healthcare decision-making in terms of therapy/drug delivery
(Zlobina et al.), managing infections (Kuttler et al.), informing new
drugs’ discovery (Bondar et al)
(Chattopadhyay et al.). Zlobina et al. proposed that a qualitative

and managing pandemics

model with a proper level of abstraction can be used to predict the
response of a wound to dynamic therapy and investigated
mathematically the most effective spatio-temporal regimes for drug
delivery to accelerate wound closure. This study provides a possible
optimal regime of therapy that focuses on macrophage activity and a
hypothesis of treatment outcome to be tested in future experiments.
Kuttler et al. introduced a mathematical model for bacterial growth and
control by antibiotics treatment, including quorum sensing as a special
kind of communication. The system is formalized by a system of semi-
linear parabolic partial differential equations and can be used for in silico
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studies of bacterial cooperative behavior in the special case of quorum
sensing. The obtained data suggest that even a small bacterial population
maintains an essential quorum. Bondar et al. discussed general
principles of protonation-coupled protein conformational dynamics
and how these apply to G-Protein Coupled Receptors. The authors
found that the internal H-bond networks contain sites where structural
rearrangements upon protonation change could be transmitted
throughout the protein. In Chattopadhyay et al. a novel method of
approximating a closed form solution of the ensemble averaged density
profiles and correlation statistics of coupled dynamical systems, drawing
from a technique used in mathematical biology to calculate a quantity
called the basic reproduction number Ry, was presented. It was shown
that the Ry formulation can be used to calculate the correlation between
diffusivity paths, agreeing closely with the exact numerical solution of
the double-diffusion model.

The topics covered in this Research Topic are far from
exhaustive. Rather, they point to a broader range of problems
that can not only be addressed by available mathematical and
computational approaches, but also stimulate the development of
novel tools and techniques.
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