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Introduction

The extrasystoles (ES) is most common form of heart
arrhythmias, which appeared through of the recurrent
excitation pulses (re-entry) or through of the ectopic beats
going out from unusual regions of human heart. ES is
called than premature contractions of the heart. Its can
arise in atria, ventricles or in heart’s conductive structures.
ES can be solitary, cluster, recurrently or irregularly.

The functional premature isolate ES can be to
provoke by the neuroses or by the pathological reflexes. Its
is noticeable in sound hearts ECG of many examining
patient’s, but the being of these ES doesn’t shown
necessary in the heart disease [1]. ES can to make to 10%
whole heart contractions, when the heart’s tissues or his
valves are affect. The danger rise only through much
frequent ES, if its arise more frequently than 3-6/min., then
appeared some thousand ES during twenty-four hours [2].
Every premature ES can trouble of the heart work. The
pre-extrasystolic coupled interval (7¢;) before such ES in
ECG is shorter, comparing as normal frequent R-R
intervals. According to F. Sacher et al. [3] and S. H. Lee et
al. [4], the premature ES on atria can be sometimes to
initiate the atria fibrillation. Ventricular ES can be that
triggers for the appearance of ventricular fibrillation [4]. A
significance for the appearance of ES and for prognosis of
heart rhythm restitution in clinic has a region of ectopic
focus, functional conditions of heart beats, like as the
deepness of heart’s diseases. However, the establishment
of the heart damages and location of the ectopic focus,
which pulses competing with the beats of sinus node, out
of ECG not is always a successful [5]. In addition to, a
separation of functional ES from ES, arising by heart
damaged, is difficult task.

Analysis of dynamics the parasystolic arrhythmias
(PAR) in biomodel of rabbit’s isolated right atrium [6]
permit to hypothesize, that the frequent recurrence couplets
of ES or single ES can will be also to appeare in ECG
patient’s on cases of parasystole in clinic. Recognition of
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this dynamics can help diagnose so far sparsely diagnosing
the parasystole as result of the existence two independent
beats oscillators. For to verify of this hypothesis and for
the confidence of the truthfulness of effects, which we
notice in biomodel, we created the mathematical-computer
based PAR model. In model we establishe the regularity of
appearance of arrhythmias in our setting conditions: the
type of arrhythmias can be to change on conditions of
stable duration periods of excitation pulses only the
exchange of refractory period (7,.), by the influence of
antiarrthythmic drugs [7].. We selected a parameters of
excitation pulses and the duration of T, together
estimating the possible heart rthythm variability.
Specifically, the purpose of our study was to find out
the consistent pattern of the rising of couplets or single ES
by means of mathematical-computer PAR model in
wherein the duration of 7, and the parameters of the
periods of excitation pulse can be selected changing.

Object

Analysis of PAR dynamics using our created
mathematical-computer model was performed. This model
estimated to take into account the function of heart sinus
node and heart cells refractoriness. In model the heart
tissue that homogenous we keeping, in which the
excitation beats spread what the plain valve without the
obstacles. Because one heart cell is about 3x10° once
smaller, comparable with the all heart size, the tissues of
the heart can interpret how the excitation medium for
arousing stimulation. The model estimated, that after each
excitation pulse, the new pulse is insensible will be for the
some time. The T, duration determined this insensible
interval, begin at 100 ms.

The qualities of this model already are detail
described [8]. Model algorithm is different from other
resembling models, because the excitation pulses of both
oscillators randomly are generated, on limits variability,



determined taking into clinical data [9]. This variability we
could to enlarge or to restrict along at the desire. 7, one
can easily to choose. The initial means of the duration of
excitation periods we also could be easily choosing - as the
longer pulses (7)) as shorter pulses (7). Every excitation
pulses and the responses on these pulses are identifying.
Other qualities of model: in this it is provide for different
T,or the possibility to estimate the number of pulses from
both excitation oscillators, which will suppress on some
time of investigation, if responses on pulses does not
receive, and if responses are receive on the presence. In
model also is provided the possibility to analyse of the
arrhythmias appearance, the duration of the recurring
parasystolic cycles (7:), as the duration of the T¢y, as the
duration of rhythmical and arrhythmic intervals in T..

Results

Because the mathematical — computer used model in
essence correspond with the dynamics of competition of
sinus node and ectopic parasystolic focus in rabbit’s isolate
right atrium [6, 7], is important the establishment, in time
changing T, of the conditions, in which can arise the
couplets or single individual ES and can be preserve the
rhythmical intervals.

We investigate the situation of different regimes:

1. The dynamics of the responses on the excitation
pulses investigate by changing the 7, and choosing
excitation periods 7; and Ty (theirs variability =0,00160)
on limits of clinical norm, when is the stable difference

AT =T, -T,. (1)
2. The dynamics of the responses on the excitation
pulses investigate by changing the T, or the AT, when
markedly shorting the pulse periods of both excitation
oscillators - 7; and 7,, for to imitate the episodes of
tachycardia.

In first case, choosing 7, =0,82 s, T, =0,8 s (AT =0,02
s), the T, duration we changed at 0,1 s to 0,82 s (to 7)). A
rhythmogram, which received in these conditions, when
the T, =0,37 s is presented in the Fig.1, a). On result, in
every T, form two rhythmical intervals I and II (I are the
responses to 7, =0,82 s excitation pulses and II are the
responses to 7; =0,8 s pulses). Between its is found the
arrhythmical interval III, which is composed of the
“couplet” - of the some ES. When the T, =0,37 s, III
interval remain formed only out of 4-6 T¢,, shorting to
0,37+0.04 s. Thus, the T,.,, =0,37 s in these conditions of
excitation is the border limits of appearance of the
couplets. When 7;=0,82 s and 7,=0,8 s, but 7,,,=0,4 s (T,
=1/2 T.) the situation is presented in the Fig. 1, b). Only
one shorter to 7T¢; =0,4 s remain before one ES in every T,
on these conditions. When 7¢; =0,4 s, the duration of I
intervals are the same what the duration of the II intervals.
The T,.rprolongation to 0,6 s result the duration of the T¢; -
either is equal also 0,6 s — that is shown in Fig. 1, ¢). The
prolongation of T to T, =0,75 s, (to near to duration of
the 7) in the same excitation conditions, is present in
Fig.1, d). The T, is the border limit for disappearance for
single ES, which are always the responses on 7;pulses The
further lengthening the 7., at T} to T, caused shortening of
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I intervals and accordingly the prolongation of II intervals,
but whole duration of the 7, not change. Our choosing of
the wvariability of the statistics duration of pulses
(6=0,00166) in these conditions has not of the considerable
influence — the scatter of T¢; durations in separate 7,
amount only +0,02 s.

In second case, when we choose the short periods of
the excitation pulses, the influence of AT size on the
appearance of arrhythmias, when T, =0,4 s (T;,r > T)
shown the Fig 2. The rhythmogram, presented in the Fig.
2, a), was received, when 7; =0,52 s and 7, =0,5 s (when
AT =0,02 s, what in Fig.1, b). It is evident, that the T is
shortened, than in Fig.1, b) and in every 7, the intervals I
are shortened than the intervals II. However, and in this
case in every T, remained only one 7¢; =0,4+0,01 s. The
situation which modelled in the Fig. 2, b), was obtained,
when 7;,=0,58 s and 7, =0,5 s, (AT =0,08 s) and 7,,,=0,4 s.
Comparing it case with the cases, presenting in the Fig. 1,
b) and in Fig. 2, a), (when AT =0,02 s), we see, that
lengthening of the AT to 0,08 s, caused shorter the 7.
However, in every T in this conditions remained in one T¢;
=0,4+0,05 s. The model showed, that, when the excitations
periods are short (7;=0,52 s and 7, =0,5 s), lengthening 7,
to 7}, or lengthening AT to 0,08 s, the means of T¢; a little
more “scatted”, therefore individual T; can some different
at the Tr (to 0,05 s).

Situation, when periods of excitation are 7; =0.58 s
and 7, =0,5 s, the T, lengthened to 0,57 s, shown a
rhythmogram in the Fig. 3, a). The lengthening of the 7.,
duration to near means 7, determined the border limit of
disappearance of single ES. At present the ES not
appeared, remain solely the rhythmical responses to 7
=0,58 s pulses. In this conditions T, =0,56 s is the border
limits of the appearance of ES. The increasing of T, only
0,01 s at 0,57 s to T,., =T; =0,58 s), called out the chaotic
alternation the responses by 7; pulses and more length
responses (see in Fig. 3, b). The periods of the responses
can reach to 1,16 s., and responses shorter that 0,58 s, are
disappeared.

Discussion

Our investigation of the competition of two
independent oscillators of the excitation pulses in biomodel
[6, 7] showed, that in absence the variability of the pulse
periods, can in two cases. 1) bigeminy appeared, when 7.,
=const and 7, = T, but the pulses sending in different
moments. While the 7,.,changing can appeare trigeminy or
other allorhythmias. 2) When the periods of excitation
pulses are unequal, the appearance of various class of
arrthythmias depend on the 7. The T, change can to call
the various type of PAR — the episodes of tachycardia, the
couplets of ES or recurrent single ES in every 7.. The
criterions for separation of PAR or other arrhythmias is the
dependence of the type of arrhythmia as from T, duration,
as from the conditions of excitation also the independence
of the T, duration on T

The PAR aren’t specific — the ektopic beats can to
found in the heart on cases his organic diseases,
electrolytic disturbance in myocardial cells, in a fever,



after influence of toxic factors and antiarrhythmic drug,
used in bigger doses and through other causes [1]. When
the ES, allorhythmias, paroxismal tachicardia, flutter and
fibrillation atria caused the ectopic bearts, the arrhythmia
not disappeared sending the artificial ES. The helping

ectopic thythms appeared when the function of the sinus
node became weaken. If the ectopic focus is lower in the
heart conductance system, the frequent of ectopic beats is
smaller and more dangerous for the patient.

13 T 13 T
—— Rhylmogram —— Rhylmogram
12k First source 12k First source
. Second source . Second source
11F - 11F -
1+ 4 1+ 4
a) st . b) oot 4
o) o)
308 ot 308 |
o o
o o
07F - 07F -
0BF - 0BF -
05F - 05F -
04k 4 04k o TS SO O 4
03 Il Il Il i Il Il Il Il i 03 Il Il Il i Il Il Il Il i
o 10 20 0 40 50 B0 70 80 90 100 o 10 20 0 40 50 B0 70 80 90 100
Period No. Period No.
13 T 13 T
——Riytmogram ——Riytmogram
12 First source 12 First source
# Becond source # Becond source
il ] U S R FRN S S S S B ]
1+ 4 1+ 4
C) 9t . d) oot 4
o) o)
208 208
: # : | i !
5 5
07+ - 07+ -
0BF - 0BF -
05F - 05F -
oil ] 5 R P SR AR S SRS NS ]
03 Il Il Il i Il Il Il Il i 03 Il Il Il i Il Il Il Il i
o 10 20 0 40 50 B0 70 80 90 100 o 10 20 0 40 50 B0 70 80 90 100
Period No. Period No.

Fig.1. The rhythmograms of the responses on two competitive excitation focus pulses (7, =0,8 s, 7; =0,82 s), by changing

Trof: @) T,ep=0,37 s; b) T,y =0,4 s; ¢) T,,,=0,75 s, d) T,,=0,79
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Fig 2. The rhythmograms of the responses on two competitive excitation focus, when 7,.,,=0,4 s. a) T, =0,5 s,
7,=0,52 s (AT =0,02 s); b) T, =0,5 s, 7,=0,58 s (AT =0,08 s).
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Fig. 3. Rhythmograms of two competitive excitation foci,
a) T,,y=0,57 s; b) T,,,=0,58 s

According to V.Schulte-Frohlinde et al. [10], the
human heart displays an extraordinarily large range of
complex rhythm, in both health and disease. The sporadic
appearance of ectopic beats is common and is not
necessarily a cause for concern. However, an increased
number of ES has been associated with an increased risk of
sudden cardiac death. Therefore the number of ventricular
ectopic beats to try reduced using a medication in clinic.
However, when clinical trials were carried out in patients
treated with drugs, the results surprisingly and dismayingly
showed an increased rate of sudden death in the patients
who received the medication compared to those who
received placebo.

PAR model, our created including a possible
variability of the pacemaker and ectopic focus pulses,
showed the conditions of appearance of ES in time
changing of T, duration, and also the possibility of ES
preservation in some diapason of the T, In model the
single, recurrent ES appeared in every T, if the T.ris equal
or more length that 7/2. The ES remain, while the 7.,
duration approach to the 7 duration. General scheme in the
Fig. 4 shown that the rhythm change and number of
responses on the excitation pulses, when the T, was
lengthened in stable frequent of excitation pulses of both
oscillators. In this scheme the diapason a) shown the
changes of the durations of rhythmical and arrhythmical
intervals A line 1 show, that the duration of arrhythmical
intervals shorter, the line 2 show, that the duration
rhythmical intervals elongate. The diapason b) is short. It
reflected the shorting of the arrhythmical intervals to some
couplets of ES. The diapason c) is long — recurrent single
ES appeared changing of Trat T/2 to T;. In diapason at T
/2 to T choosing duration of 7, predetermine the T,
duration. The line 3 shown remain only one short 7¢; in
every the 7, The line 4 shown of the changes of the
number of responses on the T pulses, and the line 5 shown
the changes of number of the responses on the 7; pulses.
The short diapason d) composed only rhythmical responses
on 7; and on 7y pulses. The diapason e) form the
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when T,.,> T;.and T, =0,5 s, 7;=0,58 s.

arrhythmia when the response periods are lengthen than 7.
In points A and B the number of responses are same as on
T, as on T pulses. In the scheme of Fig. 4 the possible
variability of periods duration is not included. The concrete
situation can be little different from general scheme in
cases of very frequent or very sparse excitation pulses.

That the T, duration determine the T¢; duration,
therefore its can be the reading parameter for prognosis of
the ES appearance or disappearance. In model in time
reduce of variability of the responses periods,
approximating the 7, duration to 7; duration, to the
possible danger arrhythmia can be called. Exist the
opinion, that reduce of rhythm variability can be danger
[11]. It is estimated, that the heart rhythm variability
biggest belong to the regulation of heart autonomic
nervous system [11] and that can be even desire, if the
fluctuation of periods not exceed 20% [9, 12].

The aim of treatment of arrhythmias is not only the
maintenance for some time the rhythm on desirable
diapason of frequent, but and the assurance that new
rhythm disease not will be to rise. Many of antiarrhythmic
drugs prolonged the T In our previously experiments we
established, that effects of antiarrhythmic drugs influence
upon the of Na ions current channels of myocites.
According to Roden D.M. [13], the Na ions currents
determine of the cells refractoriness. Model shown, that T,
lengthener together witch the 7, lengthening, if the
ectopic focus will be existed in heart tissues. ES can
attribute to PAR if concrete means of 7¢; duration is equal
or bigger than T/2, but if is smaller than 7. Is are
importance to estimate, which out of many different
periods is T}, and which is 7 if in ECG the variability of R-
R periods exists. We established that first period after ES
correspond the 7; periods, when the frequent of excitation
is in limits norm. The 7, duration correspond which the
duration of periods before 7¢;. If the periods 7, through
variability is different, we propose calculate the
arithmetical mean of near some periods. In addition, can be
the 7 duration calculate along formula (2)
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Fig. 4. The general scheme, showing the possibility of ES
appearance, changes of rhythm and number of responses on
excitation pulses in PAR model, on time changing of the 7. The
detailed explanation is in text.

TS:(TIXTC)/(TC+TI)' (2)

The period T, (or some periods T, if its are not equal)
is necessary measure on ECG. Because on the influence on
antiarhythmic drug can to change not only 7., but and
together and T}, Ty, T, therefore evaluating the changed
situation, is necessary after that still calculate 7;. Ordinary
for patients is registrate of short ECG, in which not always
can to appearr some 7., because T. duration can be too
length. We believe, that in this cause has the basic that the
PAR in clinic was sparsely diagnosed. Lately for the
investigate of heart rhythm diseases are use the monitoring
systems, witch permit at 24 h time registration the ECG
and obtain data in shape of plates or graphic [14]. At long
time registration of ECG can permit the our results
compare with ES dynamics, that can be serve for
facilitation of diagnosis of the heart rhythm disease. Thus,
the consistent pattern, notice in PAR model, by changing
the T, and the dependence of class of the arrhythmias
from T, can be useful for prognosis of ES in clinic and for
estimate of the efficiency of medication reduce using
length time observation of ECG.

Conclusions

Using our mathematical model of PAR are assessed
that refractoriness of excitation medium, given low
variability, determines type of recurrent ES and the
duration of pre-extrasystolic periods.

The type of ES and alternation of per-extrasystolic
periods, as observed during log-term ECG monitoring,
may be helpful defining efficacy of the antiarrhythmic
treatment.
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M. Skuc¢as, I. Grigaliiiniené, V. Barauskiené, R. Labrencas, D. Eidukas. The Dynamics of Extrasystolic Periods with Respect to
Refractory Period in Mathematical Model of Parasystoles // Electronics and Electrical Engineering. — Kaunas: Technologija,
2006. — No. 3(67). — P. 81-86.

To verify the hypothesis that many frequent extrasystoles (ES) can appeare throug the competition of ectopic excitation with pulses
of sinus node, we created the mathematical computer-based model of parasystolic arrhythmias, taking into account possible variability
of pulses of these pacemakers. We investigated the conditions of appearance of recurrent ES and subsequent dynamics of the ES
dependent on the duration of refractory period (7,.) in this model.

We established that the duration of the 7,.; approaching to T,.,= T/2 (T — shorter periods of excitation pulses), predetermine the
moment of appearance of the recurrent ES. The duration of 7, predetermined shortening of pre-extrasystolic periods. Groupes of ES
remain as long as the duration of 7, remains close to 7,/2. Changes in the length of T,,, trigger appearance of sporadic ES when T,,,=
T,/2, and these remain as long as T, <T. Based on long-term monitoring of ECG, our model may be helpful to evaluate effectiveness of
medical treatment of arrhythmias. I11. 4, bibl. 14 (in English; summaries in English, Russian and Lithuanian).

M. Ckyuac, U. I'puranionene, B. bapayckene, P. Jlabpennac, [I. Jiinykac. JJuHaMHKa 3KCTPACHCTOIHYECKHX MEPHOI0OB B
MaTeMATH4YeCKOl MoJeaH NMapacHCTOJUH NPH M3MEHEHHH pedpaKTepHOro Nepuoaa // JJeKTPOHHKA M 3JIeKTPOTeXHHKA. —
Kaynac: Texunosorus, 2006. — Ne 3(67). — C. 81-86.

Jnst mpoBepky runoressl, uTo MHOrne yacto Ha DK nanuenToB oOHapysxuBaemble skcTpacuctoisl (JC) aBisioTes GopMoi perko
JIMarHO3UpPyEeMON MapacUCTONMHU, CO3JaHa MaTeMaTHYeckas KOMIIbIOTEpHas MOJENb MapacUCTONMYECKUX apUTMHH. B 3Toil Monenu
YUYTCHO BIIMSIHUE Pe(pPaKTEpPHOCTH cpelbl BO30YXICHUS W HaIUYMe BapHaOeNbHOCTH INEpHOIOB BO30YkIeHHs. [IpoaHamn3upoBaHbI
yCIOBHS MOSIBICHUS W JAWHAMMKK ToBTopstomuxcst OC MyTeM H3MEHEHHs IepuoJioB BO30YXKAEHHS M MPOJOJIKUTENbHOCTH
pedpaxreproro nepuoaa (7).

VcTaHOBIEHO, 4YTO, NP HE3HAYMTENBHOM BapuaOENbHOCTH MEPHONOB HUMILYJbCOB BO30YKICHMS, MPOAOILKMTENBHOCTE T
o0ycioBnmuBaeT mosiBIeHHE MoBTOpstomuxcss OC W MPOAOHKUATENBHOCTh HPEIIKCTPACHCTONNYECKOro meproaa. [pymmoBeie DC
nabmoparorcst npu T, <T/2 (T, — meprozbl Gonee KOPOTKUX BOKOYKAAIOMKUX MMITyJIbcoB). Equnmanbie DC nospstorcs mpH T =
Ty/2 n cOXpaHSIOTCS, NOKa IPOAOIKUTENBHOCTD T,y < T. IIpuBe/IcHHEIC TAHHBIE MOTYT OBITh BAJKHBIMHU JUISl OLEHKH 3(Q(PEKTHBHOCTH
MEJMKaMEHTO3HOTO JICUCHHUS MapacUCTOIMYECKHX apUTMHHA BO Bpemsi MonutopupoBanus OKI manmenrtoB. M. 4, 6ubn. 14 (ma
QHIIIMHCKOM s3bIKe; pedepaThl Ha aHITIMHCKOM, PYCCKOM M JIMTOBCKOM 513.).

M. Skucas, I. Grigaliiiniené, V. Barauskiené, R. Labrencas, D. Eidukas. Ekstrasistoliniy periody dinamika matematiniame
parasistolijos modelyje, kei¢iant refrakterinio periodo trukme // Elektronika ir elektrotechnika.— Kaunas: Technologija, 2006. —
Nr. 3(67). — P. 81-86.

Patikrinti hipotezei, kad pacienty EKG-se daugelis daznai aptinkamy ekstrasistoliy (ES) gali biiti parasistolinés aritmijos,
atsirandancios dél ektopinio zidinio impulsy konkurencijos su Sirdies sinusinio mazgo impulsais, sukurtas matematinis kompiuterinis
parasistoliniy aritmiju modelis. Sis modelis jvertina suzadinimo terpés refrakteriskumo itaka ir galima suZadinimo impulsy kintamuma.
Modelyje istirta, kokiomis suzadinimo salygomis ir kokiai refrakterinio laikotarpio (7., trukmei esant pasirodo pasikartojancios ES ir
kokia jy tolesné dinamika, keiciant 7.

Nustatyta, kad, esant nedideliam suzadinimo impulsy periody kintamumui, pasikartojanciy ES atsiradima ir prieSekstrasistoliniy
periody trukme modelyje lemia 7., trukmé. Grupinés ES i§lieka,vkol T <Ty/2 (T _ trumpesniy suzadinimo impulsy periody trukmé).
Kai T,y = T,/2, atsiranda pavienés ES, kurios iSlieka kol 7., <Tj. Sie duomenys gali biiti svarbils parasistoliniy aritmiju medikamentinio
gydymo efektyvumui jvertinti klinikoje, pacienty EKG ilgalaikés stebésenos metu. Il. 4, bibl. 14 (angly kalba; santraukos angly, rusy ir
lietuviy k.).
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