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Two s y s t e m s  of leads ,  each  wi:h four e lec t rodes ,  a r e  proposed which together  with a "co r rec t ed  ~ 
o r thogoa~  s y s t e m  of vec t o r  c a r d i o g r ~ h i c  leads,  can be used to obtain equations for  calculat ing spatial  
d isp lacement  of the equivalent  e l ec t~ca l  dipole of the hea r t .  Resul t s  of a s imple  theore t ica l  calculat ion 
and of an e x p e r i m e n t  on an e lec t rop~-s ica l  model i l lus t ra t ing the method a re  g iven.  

3Ic~dern c o r r e c t e d  orthogonal  s',-stems of leads designed for  accura te  m e a s u r e m e n t  of th ree  corn-  
ponents of ~ e  r e su l t an t  dipole moment  of the e lec t r ic  g e n e r a t o r  of the hear t  a r e  insensi t ive  to changes 
in pos i t k~  of e l e m e n t a r y  sources  of cur ren t  in space  or ,  in the t e r m s  of a mul t ipolar  equivalent g e n e r a -  
to r ,  to components  of all mul t ipoles  :,f the hear t  above the f i r s t  o rde r  [21. 

However,  convincing evidence h'~-s been obtained to show that th ree  independent s ignals  (in the ca se  
of correc*--d or thogonal  s y s t e m s ,  th_-ee components  of the dipole m o m e n t ) a r e  insufficient to de sc r ibe  
all access_ble in format ion  concerning the e lec t r ica l  s ta te  of the hear t  [6, 9-11]. To make good the lost  
informad:,n which may  be useful for  fine topical diagnosis of hea r t  d i s e a s e s ,  as well as dipole components ,  
it is des i rab le  to m e a s u r e  ce r t a in  c :~ponen t s  of mult ipoles of higher o r d e r s .  

In rS~2s pape r  we accept  the hy>~hesks concerning the s t ruc tu re  of the cardiac  g e n e r a t o r  according 
to which Mt s o u r c e s  of c u r r e n i  in the myocard ium can be reduced to a single moving dipole [1]. This 
assumption a p p e a r s  just i f ied because  potentials on the su r face  of the body f rom a wave of excitat ion,  in 
the fo rm c5 an e l ec t r i ca l  double lay.~c with an approximate ly  constant  dipole moment  pe r  unit a r ea  of 
su r face ,  moving about in the myocar~ ium,  a re  approximated  with sufficient  accuracy  by potentials f rom 
a single di>31e g e n e r a t o r ,  changing i=s intensity,  or ientat ion,  and point of applicat ion [5, 7]. This a s s u m p -  
tion is Mso convenient  b e c a u s e  it provides for  the addition of a few new m e a s u r e m e n t s  to the th ree  m e a s -  
ured comp:,nents of the ca rd iac  dipc,'.e: three  coordinates  of posit ion of the dipole in space  or  two c o o r -  
dinates of izs pos i t ion  in one plane.  

To m e a s u r e  the higher components of an equivalent ca rd iac  gene ra to r ,  the s y s t e m  of two leads (i and 
H) shown h Fig .  1 is p roposed .  L e ~  t contains four e lec t rodes  located at points 1 ( -P i ,  0, 0), 2 (P2, 0, 0), 
3 (0, 0, -~ ; ) ,  and 4 (0, 0, P4) along C~.ex and z axes  of a rec tangula r  s y s t e m  of coordinates  x, y,  z ,  with 
origin at C~e hypothetical geometric renter of the heart; lead H contains four electrodes located similarly 
to those of ~ead I at points 5 (-Ps, 0. ~?), 6 {p~, 0, 0), 7 (0, 0, -p?), and 8 (0, 0, Ps) of a rectangular system 
of coorclL~ales x', y, z', turned through an angle 7:./4 around the y axis relative to the system of coot= 
dinates x. y, z. All measuring elec~F~<les of the leads thus lie in a transverse plane passing through the 
center of ~e heart. Electrodes 1 a~ 2, 3 azld 4, 5 and 6, 7 and 8 are connected by potentiometers whose 
resistance iS much greater than the ~sistaace of the body between an 3" two electrodes of the leads. Sig- 
nals of ~e leads taken from moving :contacts of the potentiometers are given by- 

~ : ~  = ~ r ( I - -  n z ,  ) + f i s h  z .  - -  f f~  ( | - -  n ~ .  ) - -  r  
(1) 
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Fig. 1. D i a g r a m  of leads .  E lec t rodes  
located in a t r a n s v e r s e  plane pass ing  
through the geomet r i c  cen te r  of the 
hea r t .  Explanation in text .  
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where ~1, #~ r ~4; ~5, ~G, ~7, and ~8 rep resen t  potentials at 
cor responding  points of m e a s u r e m e n t  and nx, a z,  n} ,  and n '  z r ep -  
r e sen t  the re la t ive  r e s i s t ances  of the potent iometer  a r m s .  

A signal f rom any lead can be expressed  c o r r e c t  to two 
places  of dec imals  as 

c~ (t) = L~H i ( t )  q- LiiH ii (t) .  i. i = x y z (2) 

where  Hi(t) is the vec to r  of the hea r t ,  Hij (t) the quadripoie tensor  
of the heart, L i 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 
Dx, Dy, D z, a~plied at the point (x0, Y0, z0) at a distance r 0 = 
(x02+ y2 + z02)u 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 e~rdiac tensors can be described by 

["] 
N i= D~ . 

[ D" ] 

I 
" ~  (2Dxxo - -  Dyyo - -  Dzzo) DxYo + Dyxo Dxzo + Dzxo[ 

Hli = I DxYo + O~x, + (2Oyyo- DxXo- O,zo) O, to  + D,yol 

l o...o+O..o' o;.o+o.o 

(3) 
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The cor responding  lead tensors  will be of the fo rm:  

L t ly , Lii l ~  = = ly r lyz (4) 

- / .a t  -~-x r (displacem:nt 
about x axis) 

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  lxy = l y x , / x z  = lzx,  lyz = / z y ,  and lxx + / y y  + / z z  = 0. For  
convenience  in the calculat ions the components  of the dipole 
momen t  a r e  exp res sed  as a ra t ios  to a constant  value 4r 2, 
where  70 r e p r e s e n t s  the mean specif ic conductivity of the body 
and b the cha rac t e r i s t i c  l e n ~ h  to which all coordina tes  and 
g e o m e t r i c  m e a s u r e m e n t s  a re  re la ted .  The values  of nx, nz, nx, 
and n z a r e  chosen f rom the conditions of comp le t e  compensat ion 
or "extinction ~ of the potential  f rom the dipole pa r t  of the equiv-  
alent  g e n e r a t o r  at the moving contacts  of the cor responding  
po ten t iomete r s  ; accordingly 

~xt l=3 
nx --  l x t - -  lx~ . "  n z - -  l ~ - - l z 4  ' 

Ix, 5 lz, 7 
nx' --  Ix '5 - -  Ix'6 nz' ' - -  l z ' r - - l z ' a  

(5) 

Calculat ions of the e l ec t r i ca l  field fo r  s imp le  theore t ica l  models  and exper iments  on e lec t rophys ica l  
models  of the human body showed that  when the above conditions of geomet r i c  placing of the e lec t rodes  
on  the body su r face  and ad jus tment  of the po ten t iomete r s  a r e  sa t i s f ied ,  all the lead p a r a m e t e r s  a r e  neg-  
ligibly smal l  compared  with components  of the second rank tensor  lxxI a n d / z z I  for  lead I and lzxII  mad 
/xzII  f o r  lead II, that i s :  
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0 0 lzz ! lZXll  0 
(6) 

Substitution of expressions (3) and (6) in the general  express ion for the lead signal (2) gives the fol-  
lowing approximate  expressions for  s ignals  of leads I and H: 

~i = 2lxxl Dxxo+ 21ZZl Dzzo, 

~tl  ~ 2&xuD:xo + 21xzn Dxzo" (7} 

these express lons  can be regarded as a sys tem of l inear algebraic  equations relative to unknown coordinates 
of the position of the dipole genera tor  in the t r ansverse  plane x 0 and z 0 f o r  each moment  of time, To solve 
the sys tem it is neces sa ry  to know the lead parameters  lxxI, l z z t , / x z l I ,  and /zx i I ,  and the components of 
the dipole moment  Dx a~rld Dz (which can  b d measured b y  a well co r rec ted  orthogonal sys tem of leads). 

Fo r  a theoret ical  a s se s smenf  of(th-e:Values of lxxi , /zzI , /ZXII ,  and/zxI I ,  the following simple model is 
taken: the conductor  in which the ca rd iac lgenera to r  functions is represented by a homogeneous medium of 
infinite extent with a specific conddctiyity Y:o. P a r a m e t e r s  of a unipolar lead f rom any point (x, y,  z) lying 
outside the region of the heart  at a dis tance o fp  = (x 2 + y2 + zZ)~]2 f rom the origin of the coordinate can be 
described for  such a model as [12]: 

Z 

! [2x~ -:W" -- z r 3xy 3xz ] 
Lii = ~ ~ 3xy 2/- - -  x 2 - -  z" 3yz ] .  

[ 3xz 3yz 2z ~ - -  x" - -  y ~  

(8) 

For  the body of a par t icular  pe r son  {Pl = 1.47, P2 = 1.07, P3 = 0.70, P4 = 1.30, P5 = 1.59, p~ = 0.82, P7 = 
0.94, and P8 = 1.42), Eqs. (8), (1), and (5) give values for  the relat ive a r m s  of the potentiometers  n x = 0.35, 

' = 0.70, with the following concre te  fo rm of the sys tem of equations (7): n z = 0.78, n~ = 0.21, and n z 

. ~- l .98Dxx,  ~, 2.5lDzZo = ~ I  , 1,70Dzxo -~- 1.70Dxzo = ~{t. (9) 

Experimental  tes ts  of the Iead p a r a m e t e r s  were ca r r i ed  out on an electrophysical  model reproducing 
the body of the same person and allowing for  electr ical  nonhomogeneity of the body caused by the low 
specific conductivity of ~e  lungs compared  with the other t i ssues  [3]. As a resul t  of these experiments 
pa ramete r s  for adjustment of the potent iometers  nx = 0.40, n z = 0.76, n x = 0.27, and n z = 0.63 and the fol-  
lowing sys t em of equations were obtained: 

--1.65Dxx ~ -~ 2.03Dzzo = ~l 1.74Dzxo ~ 1.74Dxzo = q~i|. (10) 

Changes in the signal in lead I during movement of the dipole, lying in the direction o f ~ e  x and z 
axes,  about these axes ,  a re  shown in Fig.  2 as an example. The shape of the curves  shows some d is -  
turbance of l ineari ty of the re la t ionship ,  but this nonlinearity is evidently systemat ic  in charac te r  and leads 
only to a change in the scale of measu remen t  for cer ta in  direct ions of displacement of the dipole. In con-  
clusion,  it may  be noted that the accu racy  of determination of coordinates  of the cardiac electr ical  dipole 
in the t r a n s v e r s e  plane by the method descr ibed well depend on stabili ty of the pa ramete r s  of leads I and II 
when used with different subjects,  and also on the accuracy  of measurement  of components of the dipole 
moment.  Fur the r  investigations are  required  to estimate the accuracy  of the method. 
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