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Miniature cardiac function monitor with dual-electrode
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Abstract: Objective To develop a miniature cardiac function monitor with dual- electrode that can be used for continuous
cardiac function monitoring in families, communities, and emergencies. Methods Based on the MSP430 microcontroller
system, a pair of monitoring or defibrillation electrodes was applied for inputting high frequency excitation, and
simultaneously detecting the electrocardiogram (ECG) signals and thoracic impedance signals. The system hardware consisted
of power module, constant current source excitation circuit, ECG signals detection circuit, thoracic impedance signals
detection circuit, micro control unit (MCU) control circuit, liquid crystal display (LCD) module and secure digital (SD) storage
module. The system was supplied by the rechargeable lithium battery of 5 V. The sine wave constant current source of 1 MHz/
1 mA was used as excitation resource. ECG signals detection circuit included the circuits of pre-amplifier, band- pass filter,
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notch filter of 50 Hz and main amplifier. The thoracic impedance signals detected by electrodes were filtered, demodulated,
differentiated and amplified to obtain signals of the base impedance (Z0), the alternating- current impedance (AZ) and the
impedance differential (dZ/dt). The analog signals were digitalized by the A/D interface of MCU. These digitalized signals
were inputted in LCD through the specified port, displayed by LCD, and stored in SD card for further analysis. After the
prototype design and performance test, ECG signals and thoracic impedance signals of 14 patients with cardiovascular disease
and 7 healthy persons of the same age were acquired. The acquired data were analyzed by the host computer application
program. Heart rate, base impedance, Peak value of the impedance differential signal (Peak), Peak-trough value and the curve
area of left ventricular ejection time (LVET) were calculated. Characteristics of impedance signals were compared between the
patient and the healthy. Combined with ultrasound examination results, the correlation between characteristics of thoracic
impedance signals and left ventricular systolic function of patients with cardiac dysfunction was analyzed. Results The
dimension of the prototype was 200 mm * 120 mm * 110 mm and rated input power was 5 W. The clinical tests showed that
the Peak of the impedance differential signal of the patient was significantly lower than that of the healthy (P=0.007), and the
curve area of LVET of the patient was also significantly smaller than that of the healthy (P=0.012). Furthermore, the LVE
fraction had significant correlations with the Peak of the impedance differential signal and the curve area of LVET. The
correlation parameters were r=0.811 (P<0.001) and r=0.905 (P<0.001), respectively. Conclusion The miniature cardiac
function monitor with dual-electrode is portable, simple to operate, safe and reliable. The monitor can reflect left ventricular

systolic function qualitatively and measure cardiac dysfunction quantitatively.

Key words: dual-electrode; thoracic impedance; cardiac function; monitor
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Fig.1 System schematic
Note: SD: Secure digital
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Fig.3 Block diagram of electrocardiogram signals detection circuit
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Fig.4 Block diagram of thoracic impedance signals detection circuit
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Note: LCD: Liquid crystal display
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Tab.1 Main technical parameters of prototype

Technical name Technical parameter

Weight 1035¢g

Dimensions 200 mm*120 mm*110 mm

Input voltage DC5V

Input rated power 5W

Power dissipation 3.75W

Leakage current <100 pA

LCD size 43in

LCD resolution 480*272

Input impedance >5 MQ

Output impedance <500 Q
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Tab.2 Analysis of the impedance cardiogram and ECG in the pa-
tients and the healthy people (Mean+SD)

Variable The patient (n=6) The healthy (n=7) P

Peak (Qs?) 0.134+0.034 0.324+0.126 0.007
Peak-trough (Qs™) 0.344+0.143 0.514+0.214 0.119
Area (m() 27.101+4.791 71.578+32.938 0.012
HR (min*) 81.590+18.090 67.260+6.990 0.118
Age (years) 50.500+16.430 48.290+17.450  0.818

Note: The two groups were compared by independent samples t test.
Peak: Peak value of the impedance differential signal; HR: Heart rate;

Area: Curve area of left ventricular ejection time
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