Method of noninvasive impedance monitoring of the cardiovascular system parameters
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Abstract — Basic tendencies in development of the impedance rheocardiography method, modern software and hardware were analyzed. Technical aspects of the increased reability and accuracy for the estimation of the heart pump-function were considered. Perspectiveness of using of rheocardiomonitoring (RCM) systems has been shown for reception of the essentially new diagnostic information that is inaccessible by the traditional invasive methods. Basic results of the impedance noninvasive monitoring system development are presented in the work.
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There is high interest in the developing noninvasive methods for obtaining hemodynamic parameters, including measurements of flow (stroke volume and cardiac output), contractility of myocardium (velocity index and acceleration index)  and electromechanical timing intervals (preejection period, left ventricular ejection time, and systolic time ratio). Impedance cardiography is one of such noninvasive methods, which is often used in emergency medicine and rheanimation.A non-invasive method to obtain hemodynamic measurements in hospitalized patients would be desirable, and by virtue of its lower cost and risk, might increase the appropriate use of hemodynamics to guide therapy.

The biophysical basis of a impedance cardiography method was created by several authores and published at the period from 50th till 70th of the previous century.

The impedance rheocardiography method is based on a passage high-frequency (40 – 100 kHz) current of small amplitude (1 - 3 mА) through the chest and registration of the dynamic changes in a tissue impedance caused by the blood circulation and breathing.

Main registered parameters include the cardiac output and stroke volumes (CO, SV), ejection faction (EF), etc.

Due to simultaneous registration from a uniform electrode system of the pulse changes in volume of blood, fill, breathing and ECG the rheocardiography (RCG) technique allows analyzing both parameters of respiratory and cardiovascular systems (CVS) in a monitor mode.

During the last 10 years a number of studies were carried out by the scientists of BMSTU biomedical engineering department in the area of R&D of the new rheocardiographical systems.

The prototype version of automated RCM was developed. The evaluation of the RCM systems is determined by an appropriateness of a used model of signal conditioning transthoracic impedance signal (TTIS), quality of a registered signal, reliability of determination electrical and hemodinamic phases of a cardiac cycle, and individual features of the patient, as well.

From a number of existing models of signal conditioning (TTIS) for hemodynamic parameters determination Kubichek model is more often used for calculation of CO and SV values.
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Fig.1 Signals the ECG and TTIS with a traditional disposition of breakpoints

An assumption accepted in a model of Kubicek : the volumetric velocity of an ejection from cameras of heart is rather constant on stretch of a ejecting phase, it average value is equal to a maximum velocity of a gain of volume on a signal (TTIS), it is fair for the practically healthy patients.

For the patients with the coronary artery disease (CAD), especially with the signs of valves insufficiency, it is required to take into account parameters of an actual curve of a volumetric cost of blood and individual anthropometric features.

Theoretical and experimental studies conducted in BMSTU have shown, that geometry, localization the electrical performances of an electrode system are important for an authentic evaluation of a signal TTIS.

Besides that the distortions of a signal introduced by analog circuits, render essential influence to outcomes of definition hemodynamic phases of work of heart, which results in a significant error of determination of hemodynamic parameters.

For decrease of these errors the complex of algorithmic solutions is offered to reduce an error of determination of hemodynamic phases, in particular, left ventricular ejection time (ELVET) up to 4 % when compared with the data of ultrasound studies. The main methods of signals processing are represented in a number of papers.
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Fig.2 Correlation of left ventricular ejection time ELVET, certain impedance (ELVETTTIS) and ultrasonic by methods (ELVETUS) and outcomes of a comparison of algorithms of definition of left ventricular ejection time a - algorithm Belaev K.R. (1996), b - classical algorithm, Kubichek W.G. (1966), c - algorithm of definition ELVET with use of signals TTIS and precordial rheogramm

Algorithms developed are based on the correlation analysis, the theories of a pattern recognition and cluster analysis and have shown high stability of a classification and selection valid rheocycles.

Being based on a test data base of signals TTIS of the patients with cardiovascular diseases by dispersing methods and component analysis establish parameters introducing the greatest contribution to determination CO. The data base included a series from 710 parallel measurements of CO by thermo dilution method and impedance rheocardiography. The study was conducted in a 1996, together with the colleagues from the Sydney clinical hospital on 47 patients with cardiovascular diseases - 30 men and 17 women. Testing outcomes of the formula (1) accounts CO. CO, defined methods thermo dilution and rheography (1). Standard deviation SD = 0.77 l/min, Displacement Bias = 0.04 l/min.
Main anthropometric, hemodynamic and electrophysical characteristics having the greatest contribution to a modification SV and CO were established.

The formula developed for determination CO takes into account individual anthropometric features of the patients - men and women.
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(1)
where CO - cardiac output (L min -1), HR - heart rate (min -1), КТ - dimensionless factor taking into account anthropometric features of the patients.

In articles the possibilities of selection methods impedance respiratory pattern were analyzed. For the solution of the given problem the important factor is the concurrence of informative bands of a spectrum of frequencies rheogramm and breathing.

The comparison of algorithms of selection pattern of breathing has shown, that the use of a base impedance signal allows supplying a necessary exactitude of determination of phases of a respiratory cycle (RC), respiratory volumes and reliable identification of a stop of breathing in real-time mode.

Comparison of an impedance method of monitoring of parameters of breathing with pheumotachography (PTG) has shown high correlation of estimate period RC, phases of an inhalation and exhalation, and also respiratory volume (RV).

The analysis of significances of impedance pneumonic factor IPC, connecting modification RV and respiratory pattern has allowed closely approaching to shaping regression of dependence of communication IPC with anthropometric, age, gender and race by parameters.

For an authentic evaluation SV averaging samplings, uniformly distributed on duration of a respiratory cycle is necessary has a place a bimodal histogram of distribution SV. Bimodal histogram is determined by modulation of a cordial rhythm by breathing that expresses in an appropriate variability SV.

The conducted fundamental and applied studies directed on the development of impedance methods for non-invasive monitoring of parameters of the cardiovascular system, have allowed formulating requests, to develop hardware and program - algorithmic maintenance for rheocardiorgaphy of monitor systems to be used in emergency medicine and reanimation. The developed systems ensure reliability and preciseness of an evaluation of pump function of heart in the emergency cardiological patients, possibility of long-term monitoring in different clinical settings like operating rooms, during physiotherapy and control of pharmacological treatment. RCM is system providing the doctor with objective information about an individual evaluation of heart pump function.
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