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Introduction Theoretical Background

Mathematical modeling of human physiology is a Suppose we have two synchronous numeric time series
tremendously ambitious task. It encompasses the modeling  (x,;n=04,2,..) and (Y,;n=0212,...), that elements x,
of most diverse compartments such as the cardiovascular, . . . .
respiratory, skeletal and nervous systems, as well as the and Y, are determined. For the cointegration of two time
mechanical and biochemical interaction between blood — Series a series of second order matrixes can be constructed
flow and arterial walls, and electric processes and electric ~ asfollows:
conduction in biological tissues[1].

The heart is acomplex system in itself, where electrical A { Xn Xn-1~ ¥Yn-1
phenomena are functionally related to wall deformation T .
[2]. In its turn, electrical activity is related to heart
physiology. Electrocardiology deals with description of Some numerical parameters of second order matrices
both intracardiac bioelectric phenomena and extracardiac . )
electric field generated in the body [1]. Ay, can be introduced:

Xn+1 — Yna1 Yn

All the fields of mathematics have arole to play in this Trace of matrix A,: TrA, = X, + Yn;
context. Mathematical analysis, fluid and solid dynamics,
stochastic analysis is used to set up the differential models Difference of matrix A,: dfrA, =X, — Yn;
and predict uncertainty [3]. Numerical analysis and high
performance computing are needed to solve the complex Co — diagonal product of matrix A:
differential models numerically. Methods from stochastic cdp A, = (Xn—l - ynfl). (Xn+1 — yn+1)-
and statistical analysis are exploited for the analyzing and
interpretation of space — time patterns. Indeed, the From these initial parameters follow characteristic

complexity of the problems often stimulates the use of  which have more applicative sense discriminant of matrix
innovative mathematical techniques that are able to capture A
accurately processes that occur at multiple scales in time

and space, and that are governed by heterogeneous dsk A, :(dfrAn)z +4cdp A, .
physical laws[1],[3].
So the main purpose of this paper was to present the According to these expressions hypothesis can be

analytical method for the analysis of dynamical  formulated: if discriminants of matrixes A,become close
interrelations of electrocardiogram parameters. to zero, then numeric time series (xn;n=0,],2,...) and

95



(Yn;n=0212,..) become similar, that means that their
cohesionis high [4].
Cohesion of time series can be labeled as xoy.

According to previous expressions value of cohesion can
be defined as follows [5]:

1

200 eI =3 ey
n

where k — real number coefficient, ¢ - value of x,, and

Y,, cohesion.

For the three synchronous numeric time series
(x;;n=012..),(Yyn;n=012..) and (z;;n=012..),

that elements x,, Y, , z,are determined a series of third

order matrixes B,, can be constructed and dynamical
cohesion can be defined in the similar way [4].

Results and discussion

For the synchronous registered ECG parameters series
the matrix analysis was applied. The automated ECG
analysis system “Kaunas — Load WO01", developed at the
Ingtitute of Cardiology was used [6]. From ECG signals
some parameters during every cardio — cycle were
calculated: RR interval in ms (RR), JT interval duration in
ms (DJT), R wave amplitude in uV (AR), QRS complex
duration in ms (DQRS) and T wave amplitude in uV (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 al patients
the coronary angiography was performed and occlusion of
at least of the one coronary artery was diagnosed. For all of
them percutanies tranduminal coronary angioplasty
reconstructing TIMI3 flow in damaged artery was
successfully performed [7],[8].

For the dynamical interrelations of ECG parameters all
possible pairs of parameters series were analyzed:
RRo DJT, RRo AR, RRo DQRS, RRo AT , DJT - AR,

DJT - DQRS , DJT o AT, ARoDQRS, ARo-AT and
DQRSo- AT . For the analysis of different complexity
levels [8] some triad were selected: RRo DJT o ARfor the
system level, RRo DJT - DQRSfor the subsystem (heart

regulation) level and RRo DJT o AT for the subsystem
(heart metabolism) level. For the correct interrelations
analysis and comparison al the data were normalized to
interval [0; 1] asfollows:
X = X0 = Xmin ’
Xmax ~ Xmin

where X5 — the original value, x — normalized value,
Xmin@d  Xpa— minimal and maximal physiological
value [4].
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Assuming that, k = 1, the dynamical interrelation of
each cardio - cycle was calculated as cohesion function for
1

— = and
dsk A,

two parameters  series

e(XnoYn)=

e(XpoYnozy) = for three parameters series.

dsk B,

Non-invasive diagnosis of ischemic heart disease (IHD)
is the main objective of cardiologists. However at rest
accuracy of usual ECG, using only common, widely used
diagnostic parametersis only about 45%. It increases using
stress test [10], but aso in this case accuracy and
specificity is too low. If to take human organism as a
complex system [1],[11], important features of its complex
function is assessment of dynamical interrelations between
investigative 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 [12].

In this work it was hypothesized, that if person is
healthy, ECG parameters cohesion values are high, if an
ischemic heart disease is diagnosed — values are low [4].
All possible dynamical interrelations for each person were
calculated and analyzed individually. The examples of one
patient with acute myocardia infarction initial ECG
parameters and their dynamical interrelation before, during
and after coronary angiography are giveninthe Fig. 1 - 4.
The results confirm the hypothesis and illustrate, that
dynamical interrelations are more informative for clinical
practice than initial ECG parameters series[4],[13].
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Fig. 1. An example of one investigation, initial ECG parameters
RR and AT time series
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Fig. 2. An example of one investigative ECG parameters RR and
AT dynamical interrelations
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Fig. 3. An example of one investigative ECG parameters RR,
DJT and AT dynamical interrelations
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Fig.4. An example of one investigative ECG parameters

dynamical interrelations at different complexity levels. ¢
(RReDJT) and ¢ (DJT A7)

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 coronary angiography for
ischemic patients non — parametric Wilcoxon test for two
related samples was applied. The significance level 95 %
was selected. The comparison between groups is given in
Fig. 5.
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Fig. 5. Comparison of different ECG parameters dynamical
interrelations average values for between different groups (* —the
difference is statistically significant, p<0,05)
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The results, given in Fig. 5 confirm, that if person is
healthy, ECG parameters cohesion values are higher, if an
ischemic heart disease is diagnosed — values are lower - six
out of ten cohesion values were significantly higher (5 of
them significantly), than in groups with MI. For elder
persons ECG parameters average cohesion values are
lower.

The comparisons between average cohesion values
before and after coronary angiography procedure for
different groups are given in Fig.6 and Fig. 7.
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Fig. 6. Comparison of average interrelation values between ECG
parameters before and after coronary angiography for patients
with MI, 30-60 years old (* — the difference is statisticaly
significant, p<0,05)
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Fig. 7. Comparison of average interrelation values between ECG
parameters before and after coronary angiography for patients
with MI, 60-90 years old (* — the difference is dtatisticaly
significant, p<0,05)

An interesting phenomena was discovered after
restoration of blood flow in damaged heart muscle. Most
of cohesion values were lower after coronary angiography
—well known in clinical practice so called "stunned heart"
mode was demonstrated.

Conclusions

The results indicated that ECG signal parameters
dynamical interrelations, calculated for each cardio — cycle
are more informative in clinical practice than initial data. It
was observed, that dynamical interrelations are different to
each person and it is better to analyze them individualy.
ECG parameters cohesion values should be checked by
future analysis. All results should be tested with more data
from ECG signals, registered for different age, gender and
functional state persons.
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Mathematical modeling of human physiology is a tremendously ambitious task. 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 main purpose was to present the analytical method for the analysis of dynamical interrelations of electrocardiogram parameters,
cointegrating numeric time series to matrixes by each cardio-cycle. The dynamica interrelations were compared between healthy
persons and persons with acute myocardial infarction, also during coronary angiography. The results indicated that ECG signa
parameters dynamical interrelations, calculated for each cardio-cycle bring new clinical information, that is not visible in the initial data.
1. 7, bibl. 13 (in English; summaries in English, Russian and Lithuanian).

K. Bepmikene, A. JykomsiBuutoc, I'. SIpymsasuuyc , B. FOpkonunc, 3. HaBuukac, A. Baunopac, A. /layHopaBu4yeHe. AHATU3
JUHAMHMYECKHX B3aHMOOTHOLIEHHI IapaMeTpPOB 3J1eKTPOKAPAMOrpaMMbl // JJIEKTPOHMKAa M DJieKTpoTexHnka. — Kaynac:
TexHomnorus, 2009. — Ne 7(95). — P. 95-98.

MaremaTrdeckoe MOAEINPOBaHHE (U3MOJIOTUH YeTOBEKa SBISETCS Ype3BEIMaliHO aMOMIMO3HOHM 3agadeil. CI0KHOCTH NMPOOIEMbI
3a49acTyi0 CTUMYJIHMPYET IMPUMEHEHHE WHHOBAI[MOHHBIX MaTEMAaTHYECKHX METOJOB, CIIOCOOHBIX AETANEHO aHAIW3UPOBATH IPOIECCEHL,
MIPOMUCXOJSIINE B Pa3JIMUHBIX MacImTabax BO BpeMEHH M B HpocTpaHcTBe. OCHOBHAsI LeNIb — MPEICTABUTh AHAIMTHYECKUH METOJ
aHaIM3a AMHAMUYECKHX B3aMMOOTHOIUCHHWH IS IapaMeTpoB eKTpokapauorpammsl. Co3naHa METOAMKA KOMHTErPAallMM 4HCIIOBBIX
BPEMCHHBIX PSANOB CTPOS MATPHULBI JUIS KOKAOTO cepieyHoro Lukia. CpaBHMBAIMCh JAMHAMHUKM B3aUMOCBS3EH MEXIy 370pPOBBIMU
JIOABMU Y JIMLIAMH C OCTPbIM MH(APKTOM MHOKapZa, a TakkKe BO BpeMs KOpPOHapHOW aHruorpaduu. PesynbraThl MccienoBaHUi
HOKa3aJlk, 4TO JUHAMMKA B3auMocBs3eil napamerpos DKI' curHana, pacCUMTaHHBIX JUI KXKIOTO CEPAEYHOr0 LHKIIA, SBIASTCS HOBOM
KIMHIYEeCKOH MH(pOpManuel, KoTopasi He BUIHA B HCXOIHBIX JaHHBIX NIPH 00bIYHOM noaxoxe. M. 7, 6ubmn. 13 (Ha aHTIIHMICKOM SI3BIKE;
pedepatsl Ha aHTIIMICKOM, PYCCKOM H JINTOBCKOM S13.).

K. BerSkiené¢, A. Lukosevitius, G. Jarusevi¢ius, V. Jurkonis, Z. Navickas, A. Vainoras, A. Daunoravidiené.
Elektrokardiogramos parametry dinaminiy sasajy analizé // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2009. —
No. 7(95). —P. 95-98.

Zmogaus fiziologijos modeliavimas tebéra labai ambicingas uzdavinys. Dél problemos sudétingumo daznai pravartu naudoti
novatoriskus matematinius metodus, kurie leisty analizuoti procesus, vykstancius erdvéje ir laike. Pagrindinis tikslas — pateikti anaizinj
metoda, skirta elektrokardiogramos parametry dinaminéms sasgjoms vertinti, kointegruojant pradines duomeny eilutes i matricas
kiekvieno kardiociklo metu. Buvo palygintos sveikuy asmeny ir serganciy amiu miokardo infarktu, taip pat atliekant angioplastikos
procediira gauty dinaminés elektrokardiogramos parametry sasgjos. Rezultatai parodé, kad EKG signalo parametry dinaminés sasgjos,
apskaiciuotos kiekvienam kardiociklui atskleidzia nauja, klinikinéje praktikoje svarbia informacija, kurios negalima gauti analizuojant
EKG signalus. 1. 7, bibl. 13 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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