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Abstract 
 
The rapid development of counting techniques and technology make it possible to collect increasing amounts of information and 

perform modern data analysis. The complexity of the problems often stimulates the use of innovative mathematical techniques that 
are able to capture accurately processes that occur at multiple scales in time and space. The purpose was to present the analytical 
method for the analysis of dynamic interrelations of ECG, cointegrating data to matrixes by each cardio - cycle. The dynamic interre-
lations were compared between healthy persons and persons with MI, during coronary angiography. The results showed that a short 
and quick reciprocity of the signals could be observed using matrix analysis. The values of dynamic interrelations were significant 
higher (p<0.05) in healthy persons. The new algorithm required just three signal points for the evaluation of dynamic interrelations – 
it was practical to use in monitoring systems for real time analysis. 

 
 

1. INTRODUCTION 
 
Recently, the rapid development of counting 

techniques and technology make it possible to col-
lect increasing amounts of information and perform 
modern data analysis. New problems of processing 
of signals and their inherent information emerge 
that are particularly acute in areas where signal 
sources are very complex. One of the most actual 
and complex information storage and signal pro-
cessing areas is human physiology [1]. Basically, 
the majority of complex adaptive systems were 
defined as complex as well as the signals charac-
terizing these systems. The processing of these 
signals in terms of complex systems provides the 
possibilities to perceive the system components 
and dynamic interrelations [2], [3]. Currently, timely 
diagnosis of cardiovascular diseases is one of the 
most important problems not only in medical but 
also in social terms. The basic cardiovascular re-
search, widely used in clinical practice is an ECG 
recording. The new electronic technologies allowed 
automatically to record the characteristic points of 
ECG signal during each cardio-cycle time, and to 
use them for examining of the different dynamic 
processes on different time scales. Moreover, it 
provided a selection of combinations of the parame-
ters that reflected best different processes occurring 
in the heart and the detailed analysis of the level of 
these processes. However, the fragmental, disinte-

grated methods that are used in the modern analy-
sis systems of ECG parameters still lack a unifying 
methodology and processing techniques of holistic 
signals and information that allow to combine and 
synthesize information into cardiac organically inte-
grated whole. Small and fast changes occurring 
may have significant consequences. 

In view of these problems, the aim of the study 
is to analyse the ECG signals using the complex 
system theory approach based on integral analysis, 
which embraces holism of the systems analysed, as 
well as interrelations of their components. So the 
main aim of this paper was to present the analytical 
method for the analysis of dynamic interrelations of 
three ECG parameters. 

 
 

2. THEORETICAL BACKGROUND 
 
The classical methods for data set interrelation – 

the correlation analysis, the crosscorrelation analy-
sis, the coherence analysis require big sets of data. 
Their results are generalized. The complex system 
adapts to different conditions, the relations between 
its elements (complex system consists of at least 
three elements) are shifting. So the main was to 
present the new analytical method for the analysis 
of dynamic interrelations of three signals, which 
require only three points of each signal. 
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Suppose we have three synchronous signals 
 ,...2,1,0; nxn ,  ,...2,1,0; nyn  and  ,...2,1,0; nzn , 
the follwing elements nx , ny  and nz are determi-
ned. For the cointegration of three signals to series 
of third order matrixes can be constructed as fol-
lows: 
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The invariants of matrix An: 
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If ,1 aAInv n  ,2 bAInv n   ,3 cAInv n  then the 

symmetry coeficients can be defined: 
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The large discriminant of matrix nA : 

.dsk 13121 ρρAn   
According to these expressions, hypothesis can 

be formulated: if discriminants of matrixes become 
close to zero, then numeric time series become 
similar, i.e., their interrelation is high [4]. 

Interrelations of the signal series can be labeled 
as „  “. According to the previous expressions, the 
value of interrelations can be defined as follows: 
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here l – real number, ε – the value of interrelations.  
Assuming that l=1, dynamic interrelationhip of 

each cardio-cycle was calculated for ECG parame-
ters. 

3. MATERIALS AND METHODS 
 
For the synchronous registered ECG parame-

ters series the matrix analysis was applied. The 
automated ECG analysis system “Kaunas – Load 
W01”, developed at the Institute of Cardiology was 
used [5]. From ECG signals some parameters dur-
ing every cardio – cycle were calculated: RR inter-
val in ms (RR), JT interval duration in ms (DJT), R 
wave amplitude in μV (AR), QRS complex duration 
in ms (DQRS) and T wave amplitude in μV (AT).  

Data of ECG parameters series of 30 persons 
were analyzed. All persons were divided into three 
groups: healthy persons (N=10, 40-60 years old, 
average age 43.16±1.17), 2 groups of patients with 
acute myocardial infarction (one group patients of 
30-60 years old, N=9, average age 42.44±3.91; 
another group - patients of 60-90 years old, N=11, 
average age 72.55±3.78). For all patients the coro-
nary angiography was performed and occlusion of 
at least of the one coronary artery was diagnosed. 
For all of them percutanies transluminal coronary 
angioplasty reconstructing TIMI3 flow in damaged 
artery was successfully performed [6], [7]. 

For the analysis of different complexity levels of 
the heart [8] some triad were selected: 

ARDJTRR   for the system level,  
DQRSDJTRR   for the subsystem (heart regu-

lation) level and ATDJTRR   for the subsystem 
(heart metabolism) level. For the correct interrela-
tions analysis and comparison all the data were 
normalized to interval [0; 1] as follows: 
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here 0x - the original value, x – normalized value 

minx and maxx minimal and maximal physiological 
value [4].  

 
 

4. RESULTS AND DISCUSSION 
 
It was hypothesized, that if a person was 

healthy, the values of ECG parameter interrelations 
were high, if ischemic heart disease was diagnosed 
– values were low. All mentioned dynamic interrela-
tions for each person were calculated and analyzed 
individually. The examples of initial ECG parame-
ters and their dynamic interrelations before, during 
and after coronary angiography of patient with 
acute myocardial infarction are given in the Figure 1 
and Figure 2.  
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Fig. 1. An example of one investigation, initial ECG  

parameters RR, DJT and AT sequences 
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Fig. 2. An example of dynamic interrelations of one  

investigative ECG parameters RR, DJT and AT 
 
For the results comparison the average value of 

was calculated. Non – parametric Man – Whitney – 
U test for the independent samples was applied. 
For the comparison of results before and after cor-
onary angiography for ischemic patients non – par-
ametric Wilcoxon test for two related samples was 
applied. The significance level 95 % was selected. 
The dynamic interrelations after coronary angi-
ography were significant (p<0.05) higher for both 
groups. The comparison between groups is given in 
Figure. 3. 
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Fig. 3. Comparison of different ECG parameters dynamical 
interrelations average values for between different groups 

(* - the difference is statistically significant, p<0.05) 

It was estimated that the values of dynamic in-
terrelations of ECG signal parameters were signifi-
cant higher (p<0.05) in healthy persons and better 
physical state (younger group). But in both situa-
tions the initial data didn’t differ (p<0.05). 

Non-invasive diagnosis of ischemic heart dis-
ease (IHD) is the main objective of cardiologists. 
However at rest accuracy of usual ECG, using only 
common, widely used diagnostic parameters is only 
about 45%. It increases using stress test [9], but 
also in this case accuracy and specificity is too low. 
If to take human body as a complex system [1], 
[10], important features of its complex function is 
assessment of dynamic interrelations between in-
vestigative parameters. There is still unknown the 
form of changes of any ECG parameters, during 
coronary artery revascularization procedures, when 
there is changing ischemic situation in the heart 
[11]. In this work it was hypothesized, that if person 
is healthy, ECG parameters interrelations values 
are high, if an ischemic heart disease is diagnosed 
– values are low [4]. The results confirm the hy-
pothesis and illustrate, that dynamic interrelations 
are more informative for clinical practice than initial 
ECG parameters series [4],[10]. 

 
 

5. CONCLUSIONS 
 
The results showed that a short and quick reci-

procity of the signals could be observed using ma-
trix analysis. Moreover, the new algorithm required 
just three signal points for the evaluation of dynamic 
relations – it was practical to use in monitoring sys-
tems for real time analysis.  

It was observed, that dynamic interrelations are 
different to each person and it is better to analyze 
them individually.  

All results should be tested with more data from 
ECG signals, registered for different age, gender 
and functional state persons. 
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