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Abstract. The following values of the hemodynamics concerning the cardiohemokinetics
were investigated in 20 subjects aged 30 — 59 with previous myocardial infarction,
namely: 1) cardiac index, 2) physically substantiated value of kinetic energy of cardiac
ejection according to V. Karpman, 3) impedance integral kinetic index developed by the
authors of this article. Investigations were carried out for the purpose of comparison of
these factors by their information possibilities as well as for the purpose of substantiation
of the usage of the last one. Parameters for calculation of the values of the
hemodynamics were determined using the thoracic tetrapolar rheography and the
electrocardiography. The proposed impedance method for determination of kinetic
condition of the heart has a very high correlation with physically substantiated value of
kinetic energy of cardiac ejection (r = 0.84, p < 0.0001). It can be realised in healthy
persons and in patients having blood circulation diseases as well.
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Introduction

The hemodynamic heterogeneity in healthy persons as well as in sick ones is not doubted (the
cardiac index in healthy persons, which reflects blood ejection by the heart, varies from
2.1 1/minm? to 4.8 I/min m? and in persons with previous myocardial infarction — from
1.4 1/min m® to 4.8 I/min m?). It is proved through the examination of the hemodynamics with
the help of the impedance method — the thoracic tetrapolar rheography [1-4]. The thoracic
tetrapolar rheography is based on the resistance of volume conductor caused by pulsating
blood flow and is connected with the blood ejection by the heart where the blood has a liquid
low impedance (resistance).

According to a level of the cardiac index three types of the blood circulation are
distinguished: with high, moderate and low values because the volume cardiac index
considers only a quantity of ejected blood but not its kinetics. It ignores the fact that the heart
in itself (cardiohemokinetics) is one of the main components of the central hemodynamics.
Indeed the cardiohemokinetics has a kinetic energy which ensures blood flow in the second
half of the systole and the diastolic phase of cardiocycle [5, 6]. Determination of the
cardiohemokinetics level according to the cardiac index — from the point of biomechanics of
the blood circulation — contradicts the concept of kinetic energy, by which E = mV %2, where
E — Kkinetic energy, m — mass of blood, V — blood flow rate. Karpman [7] and co-authors
suggested a rational method of determination of kinetic energy of the cardiac ejection, where
mass of blood stroke volume and linear blood flow rate in an initial point of the aorta are
taken into consideration.
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In our opinion the bioimpedance method of evaluation of the hemodynamics with the
use of the thoracic tetrapolar rheography has some important advantages to determine the
cardiohemokinetics. The point is that the systolic curve of the first derivative of thoracic
rheogram has an index of *“ohmic” ventricular ejection amplitude (A Z/At) which in

physiological sense reflects the peak of maximum volumetric rate of the blood ejection into
the aorta in the first half of the systole [8, 9].

Amplitudes of curves of differential rheogram consider two components of cardiac
output: mass (or volume) of the blood (m) and ejection rate of this blood volume (V). Having
these data it is not difficult to describe physical law of the kinetic energy of the cardiac
ejection (cardiohemokinetics).

The purpose of this investigation was to develop and base a simple impedance method
of Kinetic heart condition determination.

Materials and methods

The factors of the hemodynamics concerning the cardiohemokinetics: cardiac index,
Kinetic energy of ejection and integral cardiokinetic index, developed by the authors of this
article, have been investigated in 20 subjects with previous myocardial infarction aged 30-59
years. For all patients the thoracic tetrapolar rheogram was registered according to a modified
Kubicek method [2] with the help of multifunctional computer impedance system of blood
circulation “Polyrheocardiograph” (Russia) [10]. The echocardiographic investigation to
determine an aortic orifice area was conducted according to standard methods [11] using
“Sigma” 21 XR (France).

Blood stroke volume and cardiac index were determined by the bioimpedance ejection
for a heterogeneous model of the thorax [2, 12]. Kinetic energy of cardiac system was
calculated by the formula of Karpman et al. [7]

E=mv?/2, (1)
where E — Kkinetic energy of cardiac ejection; m — mass of blood stroke, V — velocity of blood
flow in initial part of the aorta. The latter was calculated with the help of division of blood
stroke volume by aortic cross-sectional area (determined by the echocardiographic method)
and time of left ventricular ejection. The cross-sectional area of the aortic annulus was
calculated as 7D%4, where D is the diameter of the aorta.

The integral cardiokinetic index was calculated by modified a Gundarov's formula [2]
of stroke volume determination.

2
VS=O.9KpQ2LT AZ’ @)
1000 Z At

where V¢ — stroke volume (litres), T — ventricular ejection time (s), 0.9 — correction
coefficient dependent on the peculiarities of electrode application; p — electric resistivity of
blood (Oh); K — Gundarov’s factor [2]; L — distance between inner electrodes (cm); Q —
perimeter of the chest on the level of the intercostal space from the front and inferior angles of
the scapulae behind (cm); 1000 — index for conversion into litres, Z — basal impedance (Oh).

This formula includes the maximal amplitude of the first derivative of waveform in the
systole (A Z/ A t). Signal reflects volume (mass) and rate of blood ejection into the aorta.
The square (A Z / A t)? reflects the kinetic energy of the cardiac blood ejection upon stroke.
Besides, we decided to divide all values by the cardiac cycle time T (interval R-R of
electrocardiogram, s) and the body surface area of patient S (m?).

Finally formula of the integral cardiokinetic index looks like this:
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Table 1. Parameters of cardiohemokinetic condition.

. Kinetic energy of | Integral kinetic
Ne | Patient Age Carl;jlgc '”‘;'ex’ cardiac ejec%i)(/)n, index,
min m mJ Oh | /s’m2
1 T-n 47 2.6 3.86 0.080
2 A-v 51 2.1 2.49 0.070
3 M-n 52 2.0 2.98 0.134
4 Z-V 43 1.9 3.16 0.079
5 S-0 45 2.5 4.76 0.101
6 L-v 47 2.4 8.30 0.186
7 D-v 41 2.6 7.8 0.151
8 T-v 41 2.3 551 0.137
9 M-V 46 3.2 5.93 0.184
10 K-n 50 2.4 2.84 0.100
11 SH -v 40 2.6 6.49 0.122
12 K-v 56 2.9 2.74 0.070
13 M -v 41 3.2 8.03 0.148
14 R-v 46 2.9 3.34 0.090
15 G-kn 44 2.2 1.85 0.060
16 Kh-n 38 2.6 2.41 0.070
17 B-v 52 3.91 1.68 0.112
18 F-v 60 4.0 8.3 0.172
19 V-n 56 3.1 4.70 0.130
20 Z-V 50 2.1 1.49 0.060

=S o2 3)

where | — integral cardiokinetic index (Oh I/s?m?); A Z / At — maximal amplitude of the first

derivative waveform in the systole (Oh/s); T — interval R-R (s); S — body surface area (m?).
Statistical analysis of Spearman’s correlation coefficient was used for the analysis.

Results and discussion

The values of cardiohemokinetic condition determined by different methods have a
wide variation range, Table 1 (the cardiac index from 1.9 I/min m to 4.0 I/min m, the Kkinetic
energy of cardiac ejection — from 1.5 mJ to 8.3 mJ and the integral cardiokinetic index I —
from 0.06 Oh I/s>m? to 0.186 Oh I/s> m It is a reflection of hemodynamics heterogeneity of
examined patients, because they had different classes of the heart failure (I — IV NYNA
classification).

A positive and statistically reliable correlation was found: the cardiac index-the kinetic
energy of cardiac ejection (r = 0.33), the cardiac index-the integral kinetic index (r = 0.43)
and the integral Kkinetic index- the kinetic energy of cardiac ejection (r = 0.84). Hence, the
minimal average positive correlation is between the cardiac index and the kinetic energy of
cardiac ejection, the cardiac index and the integral kinetic index but maximal correlation is
between the integral kinetic index and the kinetic energy of cardiac ejection. In Fig.1 the
reader can see some illustration values mentioned in the text and received in clinical practice.

Results indicate that our impedance method of cardiokinetic evaluation, Eq. (3), has a
good correlation with physically substantiated Karpman‘s method, Eq. (1). But it is necessary
to take into consideration that there are some difficulties to calculate kinetic energy of cardiac
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Fig. 1. Hlustrations to values mentioned in text and received in clinical practice. PGG — Phonocardiogram,
DR - Differential rheogram, ECG — Electrocardiogram, Ad — Maximal amplitude of the first derivative of
waveform in the systole ( AZ/At).

ejection because one must find time of ejection of blood stroke volume, its mass (to multiply
volume and density of blood) and (it is particularly important) to find cross—sectional aortic
area for determination of cardiac ejection linear velocity. The latter needs the
echocardiographic method for which there are some limitations depending on the absence of
examination “window” and sometimes on the patient severity (pulmonary edema, cardiogenic
shock). Besides in the case of obstructive valvular diseases of the aorta the velocity of
ejection is considerably increased [11] and does not reflect a true condition of the
cardiohemokinetics. As to compare with impedance method the base of the echocardiography
IS more expensive.

Conclusions

The proposed impedance method for determination of the kinetic condition of the
heart (Equation 3) has a very high correlation with physically substantiated method of kinetic
energy of cardiac ejection. When comparing the integral index method is more precise and —
what is the most important — simple in use. It has no considerable limitations.

The proposed method of the evaluation of the heart kinetic condition needs further
investigation for evaluation of the proposed index in healthy persons as well as in patients
with different cardiovascular pathology.
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PEOKAPONOIPA®UYHECKAA OLLEHKA KAPONOITEMOKUHETUKU
A.M. 3y6apes, I'.A. 3opuHa, O.C. Kucenena, J1. Ammap-BeH-Canem (Mepmb, Poccusn)

ITon xapAMOTeMOKMHETUKON (KMHETUYECKOE COCTOSIHUE Cep/illa) TOHUMAETCS] YPOBEHb
KMHETUYECKOM PHEPruM, KOTOPYIO MOJIydaeT KpPOBb NMpPHU U3THAHUHM €€ BO BPEMs CHCTOJbBI
JEBOro kenyaodka. M3 TeopeTMdecKuX NpeanoChUIOK MEXAHMKH KpOBOOOpAaLIEHUS U
(bu3MUYECKUX BO3MOXHOCTEH TPyAHON TETPAmoJsipHON peorpaduul CylecTBYeT BO3ZMOKHOCTh
ONpeseNieHUus] KUHETHUYECKOM OHepruum cepaua. PaHee mNpeAnpuUHUMAINCh TOIBITKU
oTpesieNIeHUs] KHHETHKHU Cep/lla Ha OCHOBE dXOKapAuorpaduueckux rnokasaresuei, TMHeHHON
CKOpPOCTH KPOBOTOKA B Ha4aJIbHOW YaCTH aOpThl U Macchl (00beMa) u3rHanHoi kpoBu (B.JI.
Kapnman ¢ coaBTopamu).

Llenpto maHHOTO WCCIEeNOBaHUS OBLIO pa3paboTaTh W OOOCHOBAaTH MPOCTOM
UMIIEAAHCOMETPUYECKUN METO/] OTIpeIeTICHHIS] KWHETHUECKOTO COCTOSTHUS CepAlia.

Y OGOJBHBIX C MOCTHH(APKTHBIM KapJAHOCKIEpo30oM B Bo3pacte or 30 mo 59 nmer
MPOBEJICHO HCCIEAOBaHUE TIOKa3aTelell TeMOAMHAMHKH, UMEIONIMX OTHOIIEHHE K
KapMOreMOJJMHAMUKE, a UMEHHO: 1) cepaeyHoro mHpaekca, 2) gusnuecku 0O0OCHOBAHHOTO
MoKa3aTeNnsl KUHETHYECKOW »dHeprum cepiaeyHoro BwiOpoca mo B.JI. Kapnmany, 3)
pa3pabOTaHHOTO HAMH MMITEAAaHCOMETPUYECKOTO WHTETPaIbHOTO KMHETHYECKOTO MHJEKCA C
1[ETbI0 UX CPAaBHEHMSI 10 HHPOPMATUBHOCTH U OOOCHOBAHUS UCTIOIb30BAaHUS MOCIEIHETO.

[Tapamerppl 111 pacueTa IOKa3zaTelned TIEeMOJMHAMUKH  ONPEAETSUINCh  C
UCIOJIb30BaHUEM TPYIHON TeTpamnoispHoil peorpaduu u sxokapauorpaduu. [lpemiaraemprit
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HAMH HUMIIEJTAaHCOMETPUYECKUH METOJl OMNpEesIeHNs] KHMHETHYECKOTO COCTOSIHHUS Cepala
(MHTerpaJbHBIA MHAEKC) UMEET OYEHb BBICOKYIO KOPPEJSIUI0 C OOOCHOBAaHHBIM C TOYKH
3peHusi OMOMEXaHUKH TOKa3aTelleM KMHETHYeCKOW sHepruu cepaedHoro Beiopoca (r = 0.84,
p <0.0001). DTOT MeTOA MPOCT B OCYIIECTBJICHHH W MOXXET OBITh HCIIONB30BaH TIPHU
UCCIIEIOBAaHUH T€MOJIMHAMHKH KaK y 3[0OPOBBIX, TaK U y OOJBHBIX JIO/EH C 3a00J€BaHUSIMU
cucTeMbl KpoBooOpameHust. buos 12.

KnroueBble ciioBa: GMoMexaHuKa KpOBOOOpalleHHsI, TeMOJUHAMUKA, KapAHOreMOJInHaMKKa,
UMIIeJTaHCHAsE Kapauorpadus
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