METHODS

METHOD OF DETERMINING DISPLACEMENT OF THE CARDIAC
ELECTRICAL DIPOLES BASED ON EXTINCTION
OF POTENTIALS

L. I. Titomir UDC 612.172.4-087.87

Two systems of leads, each with four electrodes, are proposed which together with a "corrected®
orthogonal-system of vector cardiogzaphic leads, can be used to obtain equations for calculating spatial
displacemant of the equivalent electrical dipole of the heart. Results of a simple theoretical calculation
and of an experiment on an electroptysical model illustrating the method are given.

* * *

Modern corrected orthogonal systems of leads designed for accurate measurement of three com-
ponents of the resultant dipole moment of the electric generator of the heart are insensitive to changes
in positioa of elementary sources of carrent in space or, in the terms of a multipolar equivalent genera-
tor, to components of all multipoles of the heart above the first order [2].

However, convineing evidence 2as been obtained to show that three independent signals (in the case
of correci=d orthogonal systems, three compeonents of the dipole moment) are insufficient to describe
all accessible information concerning the electrical state of the heart {6, 2-11]. To make good the lost
informatisn which may be useful for the topical diagnosis of heart diseases, as well as dipole components,
it is desirzble to measure certain components of multipoles of higher orders.

In this paper we accept the hypothesis concerning the structure of the cardiac generator according
to which 21l sources of current in the myocardium can be reduced to a single moving dipole {1]. This
assumption appears justified becaus: potentials on the surface of the body from a wave of excitation, in
the form of an electrical double layer with an approximately constant dipole moment per unit area of
surface, maving about in the myocariiam, are approximated with sufficient accuracy by potentials from
a single dipole generator, changing Iis intensity, orientation, and point of application [5, 7}. This assump-
tion is also convenient because it prevides for the addition of 2 few new measurements to the three meas-
ured companents of the cardiac dipez: three coordinates of position of the dipole in space or two coor-
dinates of Its position in one plane. ’

To measure the higher compareats of an equivalent cardiac generator, the system of two leads (I and
II) shown in Fig. 1 is proposed. LezII contains four electrodes located at points 1 (—py, 0, 0}, 2(0,, 0, 0),
3 (0, 0, =34}, and 4 (0, 0, py) along the X and z axes of a rectangular system of coordinates x, y, z, with
origin at the hypothetical geometric center of the heart; lead I contains four electrodes located similarly
to those of iead I at points 5 {(—p;, 0. 7}, 6 (05, 0, 0), 7 {0, 0, —p;), and 8 (9, 0, pg) of a rectangular system
of coordinstes x', y, z', turned throush an angle 7/4 around the y axis relative to the system of coor-
dinates x. 1, z. All measuring elecicodes of the leads thus lie in a transverse plane passing through the
center of tre heart. Electrodes 1 ani 2,3 and 4, 5 and 6, 7 and 8 are connected by potentiometers whose
resistances i$ much greater than the resistance of the body between any two electrodes of the leads. Sig-
nals of the leads taken from moving contaets of the potentiometers are given by:

Fr =G (1 — 1) -G —~ @ {l — ) = fan,,
(1)

o= Foll — 1) FGony — @ (f — ) — @,
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Fig. 1. Diagram of leads. Electrodes

located in a transverse plane passing

through the geometric center of the -
heart. Explanation in text.
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Fig. 2. Signal of lead I as a function

of displacement of dipole about x and
z axes, Continuous line gives results
of calculation; broken line results of

experiment on model, Explanation in
text.

where oy, ¢,, ©3, 94, ¥5, @5, 97, and @ represent potentials at
corresponding points of measurement and ny, n,, nk, and n}, rep-
resent the relative resistances of the potentiometer arms,

A signal from any lead can be expressed correct to two
places of decimals as

FO=LH O + LT, L i=x . 2, )

L

where Hi(t) is the vector of the heart, HU (t) the gquadripole tensor
of the heart, Lj the lead vector, and Lij the lead tensor of the
second rank [4]. If at any actual moment of time the cardiac
generator is represented by one point dipole with components
Dy, Dy, Dg, aillpplied at the point (Xg, vy, Zg) at a distance ry =

x% +y% + z9)¥? from the origin of the coordinates (0, 0, 0), where
it has been assumed that the equivalent multipolar generator of
the heart is located, the cardiac tensors can be described by

D,
H'={D; |,
D
-2 : - 3)
5 (2D xxo — DyYo — D129} Dyys + Dyxy D2y + Dixg
. 2
HY = | D.ys+ Dyy, T (2Dyys — Dyxy — Dizg)  Dyzg + Deygl.
. 2
Dz + Dyx, Dyzy + D4y —3—(20,2‘, — Dyxy — Dyyg)
The corresponding lead tensors will be of the form:
Iy li’*‘ Lf; Lz
Li=|ty ], ty=]tye by L, ], @

[t lz.\' !zg [z:

where lxy =lyx, L =l lyz = lzy: and Iy + lyy +1,, =0, For
convenience in the calculations the components of the dipole
moment are expressed as a ratios to a constant value 4rygb?,
where vy, represents the mean specific conductivity of the body
and b the characteristic length to which all coordinates and _
geometric measurements are related. The values of ny, n,, ny,
and n; are chosen from the conditions of complete compensation
or "extinction® of the potential from the dipole part of the equiv-
alent generator at the moving contacts of the corresponding
potentiometers; accordingly

fr1 2%
n., =

z

n, = ~———— —
* by — Len” lg—l *

)

L S L S
’ lz‘I_lz’ﬂ )

* Les— e *

Calculations of the electrical field for simple theoretical models and experiments on electrophysical
models of the human body showed that when the above conditions of geometric placing of the electrodes
on the body surface and adj ustment of the potentiometers are satisfied, all the lead parameters are neg-
ligibly small compared with components of the second rank tensor Ixx] and ly57 for lead I and I, 41y and

I ;11 for lead I, that is:
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Substitution of expressions (3) and (6) in the general expression for the lead signal (2} gives the fol-
lowing approximate expressions for signals of leads I and II:

@y = 2 eop Doxo+ 2152y De2g,
Py = 2 Dexg + 22y Dr2o. N

these expressions can be regarded as a system of linear algebraic equations relative to unknown coordinates

of the position of the dipole generator in the transverse plane x; and z; for each moment of time, To solve

the system it is necessary to know the lead parameters Ixx1, L7517, Ixz11, and I;x1, and the components of

the dipole moment Dy and D, (which can bé measured by a well corrected orthogonal system of leads).

For a theoretical assessment of the’ values of Ixx1, lyz1s laxl, 2nd lszL the following simple model is
taken: the conductor in which the cardiac generator functions is represented by a homogenecus medium of
infinite extent with a specific conductivity yo. Parameters of a unipolar lead from any point (x,y, z) lying
outside the region of the heart at a distance of p = (x* +y% + 2372 from the origin of the coordinate can be
described for such a model as [12]:

' I 2e® Yt — 2% 3xy 3xz ) ‘
L=ty | Ly=—F 3xy 2% — x?— 2 3yz . (8)

z ] 3xz 3yz 22— xt

For the body of a particular person {p; = 1.47, py = 1.07, p; = 0.70, pg = 1.30, p; = 1.59, p; =0.82,p; =
0.94, and p; = 1.42), Egs. (8), (1), and (5) give values for the relative arms of the potentiometers ny = 0.35,
ny =0.78, n} = 0.21, and nj = 0.70, with the following concrete form of the system of equations (7):

. o 1.98Dry 2 31D,20 =9y, 1,700,155+ 1.70D 2y = ;. )

Experimental tests of the lead parameters were carried out on an electrophysical model reproducing
the body of the same person and allowing for electrical nonhomogeneity of the body caused by the low
specific conductivity of the lungs compared with the other tissues [3]. As a result of these experiments
parameters for adjustment of the potentiometers nx = 0.40, n, =0.76, n}'i = 0.27, and n; = 0.63 and the fol-
lowing system of equations were obtained:

—1.65D cxy + 2.03D:20 = ¥y | 1.74D,x4 - 174D 2 = @ {10}

Changes in the signal in lead I during movement of the dipole, lying in the direction of the x and z
axes, about these axes, are shown in Fig. 2 as an example. The shape of the curves shows some dis-
turbance of linearity of the relationship, but this nonlinearity is evidently systematic in character and leads
only to a change in the scale of measurement for certain directions of displacement of the dipole. In con-
clusion, it may be noted that the accuracy of determination of coordinates of the cardiac electrical dipole
in the transverse plane by the method described well depend on stability of the parameters of leads I'and II
when used with different subjects, and also on the accuracy of measurement of components of the dipole
moment. Further investigations are required to estimate the accuracy of the method.
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