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In o r d e r  to m e a s u r e  p r e c i s e l y  the component  of the total  e l ec t r i ca l  vec tor  (dipole moment) of the 
hea r t  in the d i rec t ion  of any geome t r i c  axis  the lead used  for  this purpose  mus t  keep a constant  sca le  of 
m e a s u r e m e n t  and mus t  be insens i t ive  to all  o ther  p a r a m e t e r s  of the card iac  gene ra to r  [1]. On the bas i s  
of the assumpt ion  usual ly  made in e l ec t roca rd iog raphy  that  the sources  of the e lec t r i c  cu r ren t  d is t r ibuted  
in the region of the hea r t  a re  surrounded by a pure ly  r e s i s t i ve ,  l inear ,  homogeneous conductor,  bounded by 
the su r face  of a body of a r b i t r a r y  shape, Gabor  and Nelson [3] and Geselowitz  [4] showed that the co mp o -  
nent of the card iac  vec tor  along any axis i can be de t e rmined  by the in tegra l  for  the su r face  of the body: 

= v ~ a s ~ ,  (1) D i 

where  7 r e p r e s e n t s  the speci f ic  conductivity of the medium,  r the potential  on the sur face ,  and dSi the p r o -  
ject ion of the a r e a  vec to r  of the su r face  e lement  on the axis i. In p rac t i ce  it  is imposs ib le  to m e a s u r e  the 
potential  over  the whole su r face  of the body, and all  known s y s t e m s  of leads provide for  m e a s u r e m e n t  of 
potentials  at  a l imi ted number  of points.  

The p r o p e r t i e s  of leads a r e  desc r ibed  quanti tat ively by lead t enso r s ,  the components  of which c h a r -  
a c t e r i ze  the sens i t iv i ty  of the leads to co r respond ing  components  of the hea r t  t enso r .  Fo r  each lead of an 
ideal  or thogonal  v e c t o r - c a r d i o g r a p h i c  sys t em,  all  components  of the t enso r s ,  with the except ion of one c o m -  
ponent of the lead vec tor ,  mus t  be equal to 0, and the s ignals  in three  leads of such a s y s t e m  a r e  d e t e r -  
mined by the equations:  

~x = Dxlx, % = Dyly ,  ~z  = Dz l z ,  (2) 

and Ix  = l y  = l z .  Because  of the grea t  length of the body in a longitudinal d i rec t ion  (along the y axis) a 
sufficiently accura t e  lead for  measu r ing  the component  Dy of the card iac  vec tor  can be obtained c o m p a r a -  
t ive ly  easi ly .  The p rob lem is r a t h e r  m o r e  difficult  for  the component  Dx, and the g r e a t e s t  diff icult ies  
a r i s e  dur ing m e a s u r e m e n t  of the t r a n s v e r s e  (anteropos ter ior )  component  Dz, because  in this case  the e l e c -  
t rodes  a re  c lose  to the h e a r t  region and the influence of mult ipoles  of h igher  o r d e r s  is pa r t i cu l a r ly  p e r -  
ceptible.  For  this reason ,  to m e a s u r e  the component  Dz, a l a rge  number  of e l ec t rodes  with spec ia l ly  
se lec ted  balance r e s i s t o r s  must  be used.  Such leads essen t ia l ly  p e r f o r m  approx imate  in tegra t ion of the 
potential  instead of the p rec i se  in tegrat ion obtained with Eq. (1). 

To de te rmine  what i nc r ea s e  in quality of lead Z is obtained by i nc r ea se  in quality of lead Z is  obtained 
by inc reas ing  the number  of e l ec t rodes ,  the c h a r a c t e r i s t i c s  of four typos of leads were  de te rmined  by 
means  of physical  models  and a v e r y  s imple  theore t ica l  model .  

E X P E R I M E N T A L  M E T H O D  

The t e s t  leads Z1, Z2, Zs, and Z 8 contain 1, 2, 5, and 8 e lec t rodes  respec t ive ly ,  located on the s u r -  
face of the ches t  wall (Fig. 1). The signal of lead Z 1 (coinciding with the s tandard  ches t  lead V 2) is m e a s -  
u r ed  between the chest  e lec t rode  placed opposite the geomet r i c  center  of the hear t ,  and Wilson ' s  zero  
t e rmina l .  Lead Z 2 is fo rmed  by the ches t  e lec t rode  of lead Z i and a spinal  e l ec t rode  located on the pos t -  
e r i o r  sur face  of the chest  opposi te  the cen te r  of the hea r t .  Lead Z 8 is an an t e ropos t e r i o r  lead of the 
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C o m p a r i s o n  of  R e s u l t s  of  T h e o r e t i c a l  Ca lcu la t ions  and E x p e r i m e n t a l  
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Fig. i. Position of electrodes and elec- 

trical circuits of leads. R i = I00,000 ~, 

R 2 = 70,000 ~, R 3 = 5,000 $L 

c o r r e c t e d  o r t h o g o n a l  s y s t e m  SVEC III  [1]. Lead  Z 5 i s  o b -  
t a i n e d  f r o m  l e a d  Z 8 b y  r e p l a c i n g  the fou r  s p i n a l  e l e c t r o d e s  by  
the  one  s p i n a l  e l e c t r o d e  of l e a d  Z 2. 

The  p a r a m e t e r s  of  the  l e a d s  w e r e  d e t e r m i n e d  e x p e r i -  
m e n t a l l y  on two e l e c t r o p h y s i c a l  m o d e l s  of  the  h u m a n  body .  
Hollow m o d e l s  m a d e  to  n a t u r a l  s i z e  f r o m  d i e l e c t r i c  m a t e r i a l  
w e r e  f i l l e d  wi th  l iquid  e l e c t r o l y t e .  An  a r t i f i c i a l  c u r r e n t  g e n -  
e r a t o r  w i th  known p a r a m e t e r s  w a s  p l a c e d  in  the  r e g i o n  o f  the  
h e a r t  and  s i g n a l s  w e r e  m e a s u r e d  in l e a d s  w h o s e  e l e c t r o d e s  
w e r e  l o c a t e d  a t  the  c o r r e s p o n d i n g  a n a t o m i c a l  po in t s .  M e a -  
s u r e m e n t s  w e r e  m a d e  both on h o m o g e n e o u s  m o d e l s  and on 
m o d e l s  wi th  a r t i f i c i a l  lungs ,  wi th  on ly  o n e - s i x t h  of  the  s p e c i f i c  
c o n d u c t i v i t y  o f  the  s u r r o u n d i n g  e l e c t r o l y t e .  The  e x p e r i m e n t a l  
m e t h o d  h a s  been  d e s c r i b e d  m o r e  fu l ly  e l s e w h e r e  [1, 2]. F o r  a 
t h e o r e t i c a l  a s s e s s m e n t ,  the  s i m p l e s t  m o d e l  of  a c onduc t i ng  
m e d i u m  w a s  u s e d - a  h o m o g e n e o u s  c o n d u c t o r  of  i n f in i t e  e x t e n t  
in s p a c e .  The  f i e ld  p o t e n t i a l  of  poin t  g e n e r a t o r s  in such  a 
t h e o r e t i c a l  m o d e l  can  be  e x p r e s s e d  b y  s i m p l e  e q u a t i o n s .  F o r  
c a l c u l a t i n g  the  t h e o r e t i c a l  a s s e s s m e n t s ,  the  c o o r d i n a t e s  of  the  
l e a d  e l e c t r o d e s  w e r e  c h o s e n  a s  the m e a n  b e t w e e n  the  c o r r e s -  
ponding  c o o r d i n a t e s  of  the  two e x p e r i m e n t a l  m o d e l s .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The results of analysis of the experimental measure- 

merits and theoretical calculations are given in the table and in 
Fig. 2. The relative sensitivity of the leads to a useful signal, i.e., to component D z of the cardiac vector, 
is shown in column one of the table. The unit adopted here is the component I z of the vector of lead Z 8. 

The sensitivity of the leads to components Dx and Dy of the cardiac vector, indicating the degree to which 

the leads are nonorthogonal, is shown in column two of the table in the form of components I x and/y, rela- 

tive to component I z. The absolute value of the total component of the lead vector perpendicular to the 
u s e f u l  c o m p o n e n t  I z i s  a l so  g iven  h e r e ;  t h i s  v a l u e  / ~ = ~ j 2  ~ i s  a l s o  g iven  r e l a t i v e  to  t z. T h e  r a t i o  
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Fig. 2. Mean-square  contr ibu-  
tion of all nondipole components 
of equivalent genera tor  to lead 
signal expres sed  as ra t io  of 
mean- squa re  contribution of 
dipole. 1) Theore t ica l  es t imate ;  
2) homogeneous model; 3) model 
with lungs. 

3. 

4. 

between the mean-square  contribution of all the nondipole components 
of an equivalent genera tor  to the lead signal and the mean- squa re  con- 
t r ibut ion of the dipole is shown graphically in Fig. 2, in which it is 
plotted against the relative radius of the heart (i.e., the region occupied 
by the current generators). These characteristics were found to be 
very close for the two experimental models despite the considerable 
difference in their geometric shape, and they are therefore given as a 
mean value only. 

The results obtained show that the sensitivity of the multielec- 
trode leads Z 5 and Z 8 to the nondipole components of the equivalent gen- 
erator is one order lower than the sensitivity of leads Z i and Z2; for a 
heart of maximal size the mean-square contribution of nondipole com- 
ponents to the signal of leads Z 5 and Z 8 is less than 10% of the mean- 
square contribution of the dipole. In relation to orthogonality, in most 
cases these leads are similar to leads Z i and Z2, but particularly 
marked disturbances of orthogonality were found in lead Z 8 for the non- 
homogeneous model; in other cases the ~harmful" components of the 
lead vector do not exceed 15% of the useful component. 

It is theoretically possible to improve multielectrode leads still 
further by increasing the number of electrodes. R must be remem- 
bered, however, that in the leads investigated individual positioning of 
each electrode is provided for by means of anatomical guides, and there 
are practical difficulties interfering if a large number of electrodes 
are used. Eventheuse of lead Z B is inconvenient in practice, particu- 
larly in connection with fixation of the four spinal electrodes. A sim- 
plified variant of this lead with one spinal electrode, namely lead Zs, 
is therefore of interest. Experimental results showed that its para- 
meters are hardly inferior to those of lead Zs, and in the case ot a non- 
homogeneous model, they may even be superior as regards orthogonality. 
Lead Z 5 can therefore be recommended for measurement of compo- 
nent Dz of the cardiac vector instead of lead Z 8. 

L I T E R A T U R E  C I T E D  

1. L . I .  T i tomir ,  Biofizika, 1_22, No. 2, 307 (1967). 
2. L . I .  T i tomir ,  Biofizika, 1__22, No. 3, 573 (1967). 

D. Gabor and C. V. Nelson, J.  Appl. Phys ics . ,  25, 413 (1954). 
D. B. Geselowitz,  P roc .  IRE, 48, 75 (1960). 

1360 


