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ABSTRACT
There is a family of challenges associated with health care
applications including the treatment of cancer tumors by
hyperthermia, the down-scaling of dialyzers so that they can be
patient-portable or implantable, and the diagnostics and treatments
of kidney filtration malfunction that requires of an accurate
description of their behaviors. The current available computational
power and numerical approaches make it possible to tackle these
challenges and produce a solution. However, when it comes to assist
medical doctors with a proper predicted protocol for the treatments,
time and the mobility of the computer-based device become
important variables to consider and, therefore, current approaches
to obtain such behaviors are not enough. Also, in general, problems
in healthcare often consist of very complex systems due to multiple
domains, various phenomena simultaneously occurring in said
domains, and heterogeneity of characteristics such as tissue density,
thermal conductivity, diffusivity, etc. These complexities make it very
difficult to model problems in healthcare and thus an approach with
the capability to handle these aspects is necessary. Integral-Spectral
Methods (ISM) is an advanced mathematical-computational
approach composed of two key components: operator-theoretic
methods and integral equation approaches. This combination allows
for handling of complex problems in engineering by decoupling the
linear aspects (i.e. transport-based terms) and the non-linear aspects
(i.e. kinetics/generation-based terms), and this ability of ISM makes it
a methodical approach which is applicable to a hierarchy of problems.
Furthermore, ISM has the potential of being amenable to be
optimized and down-scaled to a hand-held device making such
methods extremely appealing to assist medical doctors with
predictions in a “real time” framework and extremely flexible to
different situations encountered in health care applications such as
those indicated previously. This doctoral research project focuses on
the formulation and implementation of ISM to three systems in
healthcare – hyperthermia treatment of cancerous tumors, dialysis
treatment, and kidney filtration.

