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Introduction

T-wave changes are one of the most common
abnormalities noted on an ECG. Changes in the T-wave
may be a normal variant in some healthy individuals, or
related to age, body configuration or other conditions. T-
wave abnormalities may also be caused by virtualy any
type of cardiovascular disorder [1].

Analysis of two synchronous time series can be
done using satistical or analytica methods. Statistical
analysis is well developed and used, e.g. spectral analysis
and cross-correlation [2,3]. Meanwhile, analytical methods
are quite a new area. Previous studies have shown the
unsuitability of statistical methods for cardiosignals[4].

This paper introduces severa characteristics to
evaluate intrapersonal coherence: relations of the same
ECG parameter AT; (amplitude of T-wave) in two
different leads. Therefore, two time series were
cointegrated into one matrix time series. For further
investigation matrix analysis was applied.

In this study comparison of matrix time series
eigenvalues and other proposed characteristics is made
with the aim to evaluate homogeneity of repoliarisation
processes in myocardium for increased heart work during
physical load.

Theoretical Background

Intrapersonal concatenation between two different
human body systems or coherence of system parts were
explored by many scientists: complexity of systems [5, 6],
motor synergy [7], graphical investigation of coherence
[8]. These studies have shown that in certain cases
concatenation of two processes may reveal much more
information than data themsel ves.

The methodology of two numeric time series
investigation is presented when values of elements are
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determined [9]. Using mathematical methods for
investigation it is necessary to form two synchronous time

series (x,;n=012..) and (y,;n=012..); x, and Y,
are real-valued terms representing ECG measurement data.
In this case x,, and Y, stand for AT, parameters of two

different lead ECG signals. The matrix time series can be
constructed as follows:

. a, bn
A= Ln dJ’ @
where  a,=X,, b i=X_,-VY.1r Ci=X1— Yo

d,:=y,- Other mathematical relationships can be used to

form these series. Before evaluation of the characteristics
describing cohesion of ECG parameters some numerical

parameters of second order matrices A, must be
introduced:

TrA, =a, +d, (trace of matrix A,),
dfrA, = a, —d, (difference),
cdp A, =b, - ¢, (co-diagonal product).

)
©)
(4)

From these initial parameters follow characteristics
which have more applicative sense:

dsk A, = (dfrA, )% + 4cdp A, (discriminant),  (©)

An :%(TrAn inskAn), (6)

where A, are respectively | and Il eigenvalues of matrix

A,. A new proposed characteristic derived from ones
aboveis

7 = dfrA, £ JdsKA, . (7



Discriminant may be negative. To calculate the square
root the following complex function is used (consider (6)
and (7))

o =7 =T (oos(2 + 7k) +isin(% + k) ), ®)
where r — the absolute value of the complex number;
oo =argz; k=212. If the fina result is complex then the

absolute value for simplicity of visualization is taken.
Results

The T wave amplitude in 12 leads of continuous
electrocardiogram signal during bicycle ergometer stress
test was investigated. Physical load at first stage was 50W
for few minutes for initiad worm up. At next stage the
worm up load increased till 100W, again for few minutes
(usually it takes 2-3 min.) and the third stage was 300W
for men or 200W for women till the appearance of fatigue
features and the stop of investigation. After stop of
investigation sportsmen were sitting still for five minutes.
The al investigation usually takes from 15 to 25 minutes
depending on the sportsman physical abilities. The heart
need to overcome different stages of adaptation during
hard physical load. The intrinsic functional adaptation
features and their homogeneity can be investigated using
cointegration of two time series.

The parameters dsk, A" and y ", caculated from

two time series (e.g., amplitude of T wave in I-st standard
lead and amplitude of T wave in Il-nd standard |ead)
cointegration in some way are associated with their
relation (¢). When ¢ (relation) is stronger, Y (1/¢) is going
to 0, when relation is weaker, Y increases [5]. For
qualitative evaluation of changes of different parts of the
heart two adjacent leads (but not the same localization, |-st
and I1-nd standard leads, which could be related with the
left heart ventricle) and two more outstanding leads I-st
standard and V2 leads (I-st lead is more related with the
left heart, V2 lead more with right heart) were investigated.
During investigation were recorded about 2000 heart
cycles. Y reflects 1/g, X axisis number of cardio cycle.

Parameter dsk A" of ATl(I) and ATl(II) before smoothing
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Fig. 1. Dynamics of two adjacent |leads relation, parameter dsk

before smoothing

In order to reduce noise and correct baseline loca
weight scatterplot smoothing (LOESS) method is applied
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[10]. LOESS is (somewhat) more descriptively known as
locally weighted polynomial regression. At each point in
the data set a low-degree polynomial is fit to a subset of
the data, with explanatory variable values near the point
whose response is being estimated. The polynomial is fit
using weighted least squares, giving more weight to points
near the point whose response is being estimated and less
weight to points further away. The value of the regression
function for the point is then obtained by evaluating the
local polynomial using the explanatory variable values for
that data point. The LOESS fit is complete after regression

function values have been computed for each of the N
data points. Many of the details of this method, such as the
degree of the polynomial model and the weights, are
flexible. The weight function used for LOESS is the tri-
cube weight function:

3,3
W(X):{(1—|x| )3, for X <1

0, for [ >1. .
The smoothing parameter ¢ determines how much of
the data is used to fit each local polynomia. ( is a
number between (d+1)/N and 1, with d denoting the

degree of the local polynomial and N total number of data
points. Inour case q=0.25.

(9)

Parameter dsk A, of ATl(I) and ATl(II)
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Fig. 2. Dynamic of two adjacent leads relation, parameter dsk
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Fig. 3. Dynamic of two more outstanding leads relation,
parameter dsk



Eigenvalues 1" of AT, () and AT, (Il)
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Fig. 4. Dynamic of two adjacent leads relation, parameter 1*
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Fig. 6. Dynamic of two adjacent leads relation, parameter y *
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Parameter y* of ATl(I) and ATl(VZ)

n
Fig. 7. Dynamic of two more outstanding leads relation,
parameter ¥ *

Conclusions and future works

The high interconnections in both sets of leads during
physical load were found. The relation was more expressed
for adjacent leads. The continuously changing picture of
heart repolarisation feature, which could be related and
reflects different metabolic rate in different parts of the
heart during different stages of load was observed. It
means that at all complexity of heart in different stages of
adaptation to load have dynamic character and this
character is meaningfully fluctuated. The limits of such
fluctuations for healthy persons as well as for patients are
still not known, but it could be very important parameter
for evaluation of appearing pathology in heart or even in
al body. The investigationsin this area will be preceded.

These observations might be useful for diagnostic
purposes eval uating the effect of activity for athletes etc.
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Electrocardiogram (ECG) is one of the most general, informative and widely used means for diagnosis of heart diseases. Previous
studies have shown that in certain cases concatenation of two processes may reveal much more information than data themselves. This
paper introduces several characteristics to evaluate intrapersonal coherence: relations of the same ECG parameter AT, (amplitude of T-
wave) in two different leads. Therefore, two time series were cointegrated into one matrix time series. For further investigation matrix
analysis was applied. The information revealed by several matrix characteristics was compared visually. Different tendencies of
concatenation were noticed, specified by leads and load. Intrapersonal analysis isto be extended to interpersonal in further studies. Ill. 7,
bibl. 10 (in English; summariesin English, Russian and Lithuanian).

P. IImupraiite, 3. HaBunkac, JI. bukynbudene, A. Baiinopac, B. Ilomkaiituc. Onenka cpsasu mexay T-zyomamm B
3JIEKTPOKAPAMOrPaMMAaX YeJIOBEYECKOro cepaua // DIeKTPOHUKa U djieKTpoTexnuka. — Kaynac: Texnosorus, 2009. — Ne 5(93).
—C. 113-116.

OnekTpokaparorpaMma sIBISIETCS OIHUM M3 Haubojee DOCTYMHBIX CPEICTB MCCIEN0BaHUsS paboThl yeroBedeckoro cepana. Kpome
TOTO0, KapAuorpamMMa siBisieTcs Hanbosiee HHPOPMATHBHBIM U NPUEMIIEHBIM HCTOUHHKOM IIPU UCCIIE0BaHUU CEPICUHBIX 3a00/1eBaHUM.
Bo mHOrEX cirydasx Gojblie MOJIe3HOM MH(GOpPMAIMH MOXKHO IONYYHTh HE TOJNBKO IIPU PACMOTPEHHH OAWHOYHBIX BEJIMYHMH PA3HBIX
CUTHAJIOB, a IIPU UCCIEAOBAHUHM CBS3M MEXIy STHMU CHTHaIaMu. B 9Toif pabore ucciemyercst cBsi3b Mexy aMImIMTynamMu T- 3yOmoB
pa3HbIX aepuBanuid. OIeHKa B3aUMOCBS3UM MEXAY IBYMS BPEMEHHBIMH PsJaMH, KOTOPHIE ONMMCHIBAIOT 3Ha4YeHMs mapamerpoB ATy,
TIPOM3BOJUTCS] NPH KOWHTETPAIMU ITUX BPEMEHHBIX PSOB B OAMH MAaTPHYHBIH BpeMeHHOH psj. MH(MOpPMaTHBHOCTH HEKOTOPBIX
XapaKTePUCTUK CPaBHHUBAETCS MexTy co0oil rpaduuecku. bputn 3amedeHbl BaKHbIE TEHJEHIMH W3MEHEHUs CBA3M MEXKAY Pa3HbIMU
MapamMu AepUBALUiA NPK pa3sHbIX (PU3MYECKUX HArpy3kax cepila maiueHTa. B nanpnelimem OyayT uccnenoBaHbl OCOOEHHOCTH CBA3Ei
MEXy KapIuorpaMMaMH HE TOJIbKO HHTPAIepCOHATbHOI0, HO U MHTEPHEepPCOHANBHOrO Xapakrepa. M. 7, 6ubn. 10 (Ha aHriuiickoMm
S3BIKE; pedepaThl Ha AaHIIIMHCKOM, PYCCKOM U JINTOBCKOM $3.).

R. Smidtaité, Z. Navickas, L. Bikul&iené, A. Vainoras, V. Poskaitis. Elektrokardiogramos T dantelio sasajy vertinimas //
Elektronikair elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 5(93). — P. 113-116.

Vienas jprastiausiy, informatyviausiy ir placiausiai taikomy tyrimy Sirdies baklei nustatyti yra sirdies elektrokardiograma (ECG).
Tam tikrais atvejais daugiau informacijos pateikia ne pavieniai signdai, o ju tarpusavio rysiai. Siame darbe nagringjami sarysiai tarp
skirtingy derivaciju T dantelio amplitudziy. Sasgjos vertinamos dvi laiko elutes, atitinkancias AT1 parametry reiksmiuy sekas,
sutraukiant i viena matricy eilute. Keliy pasirinkty matriciniy charakteristiky informatyvumas grafiskai lyginamas tarpusavyje. Buvo
pastebétos svarbios skirtingy derivaciju pory sarysiu kitimo tendencijos. Tolesniuose darbuose planuojamatirti ne tik intrapersonalines,
bet ir interpersonalines saveikas. 11. 7, bibl. 10 ( angly kalba; santraukos angly, rusy ir lietuviy k.).
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