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Together with frequency characteristics of 1nstantaneous
cardiac rhythm (ICR)[1-3], characteristics related to the ICR
change rate v are of great value for studies in cardiology.
According to the data from day-long Holter monitoring, we
constructed the ICR change rate (v) distribution function f(v). It
was demonstrated that for different patients the function had
both the unimodal and the polymodal characters. In many cases
the f(v) 1s approximated accurately by the Laplace distribution
Jv)=(w/2)exp(-x|v-vy|). In general, the f(v) 1s approximated with
the plenty high enough accuracy by the linear combination of
Laplace's and Gaussian functions.
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Processing of results of 24-hours HM 1n the KT-Result

program gives data set value {y;}. Using the ratio
_ JYi+17Vi -
v = (1)
Li+1~Li

we construct set {v;} 1 which 1=1. 2....N-1. Further. using
the algorithm for constructing f(y), stated in the previous report.
we obtain the empirical distribution function f(v).

Distribution  function f(v) shall meet the meet the
normalization requirement:

[~ f)dv=1. (2)

Hereafter we will be interested in such mmportant IHR
parameters as:

y =" fOydy: 7, = [ f@vdv:
(3)
o= [ f)vdy



Values y U, v_ bring a simple sense: ¥ - average of IHR
over the HM period. 7, U_, — average rate of IHR growth and
decrease. They can be components of two 1ndependent
nondimensional combinations:
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Let us compile two indices from them:
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They bring a simple sense. Value of I, and its sign are
indicative of a degree of dominance of rate of IHR growth or
decrease. Index [y describes a degree of IHR chaotic character
and 1s 1ts quantitative estimate. Coetficients 10? and 6-10° are
chosen by us for convenience.

Let us consider IHR distribution function f(v) for specific
patients of Tver Regional Cardiology Health Center. The results
of evaluation of function f(v) are given 1n Figures 1-9.
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The computational results of v, U_. I, [y for patients 1-9. the f(v) graphs of
which are based on results 1-9 are given 1n Table 1.

Table 1.
Patient Uy V_ P Iy Diagnosis
Number
1. 2.4817 -2.3304 | 3.1429 | 2.6980 |Norm
2. 5.3025 -7.1727 | -14.9911 | 19.3001 | Normal bradysystolic
form of atrial fibrillation
3. 2.2926 -29551 |-12.6229| 8.0052 | Ventricular arrhythmia
4, 1.7065 -1.7044 | 0.0634 | 42387 |Norm
S. 2.5468 -22846 | 54284 | 3.7750 |Norm
6. 10.2151 -6.5314 | 21.9966 | 18.7971 | Ventricular arrhythmia
(Grade 5. Ryan)
7. 4.1827 -3.6156 | 7.2726 | 7.9806 | Ventricular arrhythmia
(Grade 4a. Ryan)
8. 10.0593 -6.1518 | 24,1035 | 13.5361 | Ventricular arrhythmia
(Grade 4a. Ryan)
9. 142867 | -11.1338 | 12.4030 | 14.8009 | Ventricular arrhythmia
(Grade 4a. Ryan)




From Table 1 1t tollows that the values of indices /, and /7y
correspond to the patient diagnoses obtained by standard
cardiological methods.

In analyzing IHR. 1t 1s possible to represent the statuses of
patients in space R? by a point with coordinates 7, and Iy, We
will call such a diagram a "two-index IHR diagram™ The
diagram for test patients 1s shown 1n Figure 10.
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In Fig. 10 the colours of points are selected according to
patient diagnoses. and this correspondence 1s reflected in Table

2.

Table 2.

Diagnosis Point Color
Norm Blue
Ventricular arrhythmia Red
Normal bradysystolic form of atrial fibrillation | Crimson




The two-index IHR diagram plotted visualizes the IHR
evolution with the course of time. The points describing the IHR
statuses of patients will pass from one colour to another in the
course of evolution. The 1ssue of a process speed requires
detailed follow-up study.

The empirical IHR change rate distribution functions given
in Figures 1-9  can be approximated by analytical Laplace's
function e~ %l"=vil  Gaussian function e_ﬁi(”_”i)z, H(w —v;)
(H(x) - Heaviside function). In particular cases. f(v) passes into
either Laplace distribution

f(w) = emlvvil, (6)

or Gaussian distribution:

f(v) = \/E p—Biv—v)? (7)



Presence of the Heaviside functions i approximation of
empirical distribution function f(v) 1s mdicative of asymmetry of
this distribution 1n relation to their maxima ot v;. Dominance of
the Gaussian function 1n function f(v) 1s indicative of a stochastic
nature of IHR change rate distribution v at the maximum point.
and dominance of the Laplace's function 1 function fv) 1s
indicative of a dominance of v-values near the maximum point.
And 1t 1s none other than IHR chaotic character degree reduction.
As will be shown below. 1n cases where the Laplace's function 1s
dominant 1n f(v), the chaotic character index will be lower then
in cases where the Gaussian function 1s dominant. Let us have a
look at the certain type of f(v) functions f,(v) (k/=1..... where 9 —
test patient number):



(here v = x)
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