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An Optimal Spot-Electrodes Array for Voltage Pick-Up Determined from the Measurement
of Transthoracic Electrical Impedance Change Following Cardiac Ejection

Akira Ikarasur,* Masamichi Nocawa,* Takehiro YAMAKOSHL*
Kosuke Motor,* Shinobu Tanaka,” Ken-ichi Yamakosur™

Abstract Electrical impedance (or admittance) cardiography is a simple and still potential method for non-
invasive and continuous monitoring of stroke volume and cardiac output (CO) by detecting the electrical imped-
ance of a thorax which is roughly assumed to be a two-compartment coaxial cylindrical model composed of the
aorta and its surrounding thoracic tissues. Although the band-electrode method proposed by Kubicek et al. has
been widely used for the detection of the electrical impedance, long-term use of the band-electrodes is often un-
comfortable and causes inflammation of the skin. Replacement of band-electrodes with spot-electrodes is there-
fore highly required for clinical practice. We have previously investigated an optimal spot-electrodes array from
such a view point, and reported these results in this journal. However, the current distribution during cardiac
blood ejection period showed little uniformity, and detailed investigation of this phenomenon was remained as a
future problem. The present study concerns with this problem through the analysis of pulsatile components of
the thoracic impedance along the medial line of the thorax by a finite element method and those by actual meas-
urement. From these investigations, an optimal electrodes-location for voltage pick-up was to be determined as
the medial portion at the level of the clavicle and the portion above the xiphisternum. Furthermore, we have in-
vestigated the accuracy of CO measurement using impedance cardiography by the new spot-electrode array to
that using a pulse dye-densitometry method. From the CO comparison experiments, bias and precision calculated
for the impedance cardiography versus a pulse dye-densitometry method averaged —0.43+1.42 L/min, the valid-
ity and reasonable accuracy of the new spot-electrodes array was clearly demonstrated.

Keywords: impedance or admittance cardiography, cardiac output, stroke volume, optimal spot-electrodes array.
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Fig. 1 Schematic block diagram of the impedance measure-
ment system designed for measuring the voltage dis-
tribution along the medial line of the thorax.
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Table 1 Resistivity vales used in the model study.

Organ/tissue Resistivity (Qm)
Blood 1.54
Heart muscle 4.50
Lung (diastole phase) 15.00
Lung (systole phase) 14.24
Other tissues and organs 4.60

Electrode for current injec

Constant
current source

50kHz2mArms

Reference electrode

x£2 AKREFIVICHEA L 700

Table 2 Diameter of blood vessels and volumes of heart
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BN D AR

chambers used in the model study.

Organ Diastole Phase Systole phase
Carotid artery ¢ 0.010 m ¢0.011 m
Aorta ¢0.020 m ¢0.023 m
Atrium 43 ml 71 ml
Ventricle 126 ml 52 ml
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Fig. 2 Simplified model of the thorax and the neck used for FEM.
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Fig. 7 The FEM analysis result of impedance change of the
blood ejection period in a midsagittal plane.
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