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COMPLEX MODEL OF THE LOWER URINARY TRACT
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Abstract: The complex model of the lower part of the urinary tract is introduced. It consists of the detrusor
smooth muscle cell model and the detailed 1D model of the urethra flow. For the modelling calcium dynam-
ics the approach from Koenigsberger at al. (2008) was adopted. The model includes the ATP consumption
calculation according to Hai and Murphy (1992). The main part is devoted to the development of a simple
bladder model and the detrusor contraction during voiding together with the detailed model of the urethra

Sflow.
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1. Introduction

The voiding is a very complex process. It consists of the transfer of information about the state of the
bladder filling in to the spinal cord. Next part is the sending of the action potentials to the smooth muscle
cells of the bladder. The smooth muscles have a lot of different forms in contradiction with the striated
muscles. The sliding between actin and myosin causing the change of the form (length) of the muscle
cell and its stiffness can be observed as a kind of growth and remodeling. This approach described e.g.
in Rosenberg and Hyncik (2008) is used in this model. The calcium dynamics and the phosphorilation
is modeled very precisely in the work Hai and Murphy (1992). To be able to describe the very complex
processes in the SMC in the efficient form it is necessary to use the irreversible thermodynamics. Using
all this approaches it was developed the algorithm published in Rosenberg (2011b). In this contribution
we join on the results of this paper. The simple model of the whole bladder and the detailed 1D model
of the urethra flow is added. Some examples of the numerical experiments are shown.

2. Bladder and voiding model

Because the whole model of the smooth muscle contraction is described in the mentioned paper we
would like only to introduce some further used variables. The flux of the mediator in synapse Jqgonist
the shortening of the muscle fiber = - y where the variables = and y are given by the set of equations.

To model the contraction of the bladder during the voiding process we will use the very simple model
according Laforet and Guiraud (2007) and Arts at al. (1991). For the pressure in the bladder gilts
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where Vy;, is the volume of the bladder wall, V' the inner volume, 7 stress in the muscle fibre, S’ the inner
surface and F' the force in the muscle. Using the formulas for the isotonic contraction, we obtain after
short calculation the formula for the pressure p(q, = - y), which will be used further.
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3. Urethral flow
The fluid flow through the urethra is described by the system based on model in Stergiopulos at al. (1993)
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where a = a(z,t) = (p — pe)B + ag is the cross-section area, ¢ = ¢(z,t) is the flow rate, p is the

fluid density, ap = ag(x) is the cross-section of the tube under no pressure, 5 = [3(z, t) is the coefficient

describing tube compliance and \(Re) is the Mooney-Darcy friction factor (A\(Re) = 64/ Re for laminar

flow).

The discretization of the system (2) is based on the extension by other equations so that the aug-
mented vector of unknown functions is [a, g, av? + 2[;1726’ %0, ﬁ]T. This was derived in detail in Brandner
at al. (2009). The advantage of this step is in the conversion of the nonhomogeneous system to the ho-
mogeneous one. Furthermore, it is possible to construct the positive semidefiniteness high-resolution
scheme, which preserves general steady states of the fluid flow in the urethra.

4. Conclusion

We presented the complex model of the lower part of the urinary tract. It was developed a simple bladder
model and the detrusor contraction model during voiding together with the detailed model of urethra flow.
The urethra flow was described by the high-resolution positive semidefiniteness method, which preserves
general steady states. For the practical application the identification of the parameters is necessary.
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