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Abstract

Systemic vascular parameters are important indices of heart condition, incorporating these parameters into the control of a
ventricular assist device (VAD) would facilitate the implementation of an effective control strategy. In order to minimize the need
for indwelling sensors for obtaining these parameters, an estimator was developed to identify the systemic vascular parameters
{characteristic resistance, blood inertance at the aorta, systemic compliance, and systemic resistance) using measurements from Lhe
Novacor left ventricular assist svstem (LVAS) and arterial pressure. Systemic compliance was estimated by the ratio of the LVAS
pump stroke volume to the arterial pulse pressure and systemic resistance was calculated by the ratio of mean arterial pressure to
LYAS pump output. These two parameters were then used as known parameters in an extended Kalman filter to identify the other
unknown paramelers using LVAS pump volume and arterial pressure measurements. Performance of the estimator was evaluated
using data from a mock circulatory sysiem experiment. The results showed that the estimates converged more accurately in a limited
time when arterial pressure was used wilth the LVAS pump volume as measurements. These parameter estimates can provide
diagnostic information for patient and device monitoring and can be used for future VAD control development. {3 2002 Elsevier
Science Lid. All rights reserved.
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1. Introduction

Heart disease is a major health problem in the United
States and throughout the world. Although heart
transplantation is an accepted method to treal severe
cases of the disease, the demand for heart transplants
exceeds the supply. For many patients, a left ventricular
assist device (VAD) could provide a satisfactory
alternative to transplantation.

The purpose of ventricular assist devices is to provide
sufficient cardiac output to maintain adequate perfusion
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of the patient’s body. The required cardiac output
depends on the patient’s activity level and body demand.
The body and the native heart can provide adjustments
to adapt the physiological demand. The more blood
returns from the venous system to the heart, the stronger
the heart muscle contracts (Starling’s law). The body
can adjust the blood flow through the vascular system so
that more blood returns to the heart when the demand
for cardiac output is high. This effect is defined as
preload and can be quantified by the left atrial pressure.
On the other hand, the cardiac output provided by the
heart is not significantly affected by the patient’s
systemic vascular impedance (referred to as alterload).
The controller of the ventricular assist device should
regulate the device to mimic these characteristics of the
native heart (Boston, Simaan, Antaki, Yu, & Choi, 1998).

The controls of existing devices, which are either
constant stroke volume control of pulsatile devices or
constant speed control of nonpulsatile devices, depend
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