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ABSTRACT

Two applications of the hybrid simulators have been presented as examples: nonpulsatile VAD interaction with lumped parameters
cardiovascular system numerical model and respirator interacting with the Dubois numerical model of obstructive lung diseases. The
results of simulations showed how the tested assist devices change biological system - assist device characteristics in the course of
heart or lungs diseases and how it influences pressure and flow in a particular point of cardiovascular or respiratory system numerical

model.
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1. Introduction

Different type of heart and lung support systems and devices
like ventricular assist devices (VAD) and respirators have been
developed up to now but the problem how to test them, objec-
tively, compare their features - advantages and disadvantages is
still to be solved [1-3].

The heart and lung assist devices are, generally speaking,
mechanical pumps that should be tested before their clinical use,
according to appropriate standards. In order to access the fea-
tures of these devices it is necessary to connect them to me-
chanical models of the biological organ or system (the human
circulatory or respiratory systems) that are to be assisted or
supported. Such mechanical models of the human circulatory or
respiratory systems are expensive, as they have to be complex
to simulate different pathologies of the biological (cardiovas-
cular or respiratory) systems.

Computer models of the human cardiovascular or respiratory
systems are much cheaper than the mechanical ones but, on the
other hand, they can not be connected with mechanical assist
devices like blood pumps or respirators [4,5].

2. Materials and Methods

The solution we propose to test heart and lung assist devices is
to use a new type of simulators (patent pending) — so called
hybrid ones. They consist of a computer model of the human
cardiovascular or respiratory system and a specially designed
interface to connect this model with the mechanical assist de-
vice. These interfaces (electro-hydraulic for VAD or elec-
tro-pneumatic for respirators) play a role of impedance con-
verters, as they enable to convert a part of the numerical model
into a physical part of the same impedance, to which the tested
assist device is connected (Figure 1).

It was possible to realize this concept thanks to the applica-
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tion of electrically connected flow and/or pressure sources as
basic components of the impedance converters (see Figures
2-3).

There are varieties of technical realization of the impedance
converter. In a case of testing the VAD we used a gear pump to
build the voltage controlled flow source being a crucial part of
the impedance converter (Figure 2) and in a case of testing the
respirators, a voltage controlled piston flow source was used as
a basic component of the impedance converter (Figure 3).
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Figure 1. The idea of testing mechanical assist devices on a hybrid
simulator of the cardiovascular or respiratory system.
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Figure 2. Set-up of the hydro-numerical interface (VAD-left atrium)

for testing a nonpulsatile VAD on the hybrid simulator with a gear
pump as a voltage controlled flow source.
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3. Results

Two applications of the mentioned above simulators have been
presented as examples: nonpulsatile VAD interaction with
lumped parameters cardiovascular system numerical model and
respirator interacting with the Dubois numerical model of ob-
structive lung diseases. The results of simulations showed how
the tested assist devices change biological systems characteris-
tics in the course of heart or lungs diseases and how it influ-
ences pressure and flow in a particular point of cardiovascular
or respiratory system numerical model.

The results of simulations of the cardiovascular system in-
teracting with a nonpulsatile VAD were shown in Figure 4 as
P-V loops.

Modelling of physiological and pathological states of the
cardiovascular system was done and in the case of pathology
the VAD was applied as assistl and assist2.

As we can see from Figure 4, VAD application changes P-V
loop location but not so dramatically as pathology of the car-
diovascular system.

The results of simulations of the respiratory system interact-
ing with a respirator are shown in Figure 5 as time curves of
control (Pin) and pleural (Pt) pressures. The respirator is pro-
viding pressure control ventilation of the human lungs which is
a typical Dubois model with an abstractive lung disease. As can
be seen from Figure 5, this disease causes positive end expira-
tory pressure to appear in the lungs.
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Figure 3. Set-up for testing a respirator on the hybrid simulator
with a voltage controlled piston flow source.
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Figure 4. The results of simulations of the cardiovascular system
interacting with a nonpulsatile VAD.
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Figure 5. The results of simulations of the respiratory system inte-
racting with a respirator.

4. Conclusion

Tests of the hybrid simulators performance and simulations of
their interaction with heart and lung assist devices proved that
they are reliable and accurate tools to test these devices and
help to optimize their applications in different cases of heart
and lungs pathology (as decision support systems).
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