Investigation of graphic methods for rhythmocardiogram phase portraits analysis
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Abstract

Background: One of the most informative approaches to human condition diagnostic is the heart rhythm variability (HRV) analysis based on mathematical processing of rhythmocardiograms (RCG). There are a lot of methods for mathematical processing of rhythmocardiograms, but most of them are useful only in case of normal sinus rhythm presence. Phase portraits analysis is one of mathematical approaches to HRV analysis, useful in case of arrhythmia presence. Phase portrait of RCG is its representation in coordinates (
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). Usually phase portrait is approximated with simple geometrical figure, and HVR analysis is carried out using approximating figure area. Approximating figure area describes phase portrait points’ deviation and is the most informative index of correlation between current phase portrait and phase portrait, interpreted as norm.
Objective: In this study four different methods used to approximate phase portrait of RCG. The first two approaches use ellipse as basic geometrical figure. The third approach uses parallelogram approximation and the fourth method is based on polygon approximation. Various algorithms for polygon approximation have been compared. «Graham scan» and «Jarvis march» have been marked out for the current task. Area value correction algorithm has been presented.
Results: The methods were applied to the RCG records database. It included 50 healthy and 35 diseased (heart diseases) persons. Records were obtained in rest, 200 cardiocircles in length. The most precise approximation was obtained with the polygon approximation. Oversize effects in case of single instances of extrasystole appearance had been analyzed, and correction algorithm was developed. RCG record range was optimized. It was found that after first 60 cardiocircles the rate of area rise slow down in 2 times. After 120 cardiocircles the rate of area rise slow down more then in four times, what corresponding to the period of primary phase portrait infill.
Conclusions: The RCG phase portrait approximation and its area comparison is an informative method of human condition diagnostic, based on heart rhythm analysis. Method of polygon approximation with correction algorithm should be the method of choice for approximating figure area calculation. Parallelogram approximation is effective for allocation of phase portrait linear characteristics.  The minimum length of RCG record is equal to 1 minute, and rational period is equal to 2 minutes.
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