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Elec t roca rd iograms  and vector  ca rd iograms  were recorded experimentally by means of 
ordinary  and simplified SVEC III recording sys tems.  Comparison of the curves by a visual[ 
and a special mathematical  method showed that e lec t ro-  and vector  card iograms recorded 
by these sys tems do not differ significantly. Consequently, to determine the e lect r ical  
vec tor  of the heart  it is possible to use a simplified system,  which is much more  convenient 
for pract ica l  measurements .  

Corrected  orthogonaI sys tems of leads for vector  cardiography possess  many advantages which make 
them par t icu lar ly  suitable when automat ic  methods of process ing  the e lect rocardiographic  information are  
used [2]. F r o m  the qualitative point of view one of the best cor rec ted  sys tems of leads is the SVEC IlI sys -  
tem [5]. However, during pract ica l  recording of the vector  ca rd iogram by the SVEC sys tem difficulties are  
encountered because of the large number of e lectrodes  (14) which must be fixed separate ly  to the subject ' s  
body at anatomical  re fe rence  points. Par t i cu la r ly  great  inconvenience is caused by the placing of the 
four spinal electrodes of the Z s lead. Because of the anatomical position of the heart in the chest and its 

known properties as an electrical generator, it was decided to replace the four spinal electrodes of the SVEC 

HI system by one electrode located on the spine approximately opposite the geometric center of the cardiac 

ventricles. Theoretical calculations and experiments on physical models described in an earlier paper [3] 
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Fig. 1. Comparison of sca la r  e lec t rocard iograms  in Z leads and 
t r ansve r se  project ions of vec tor -ca rd iograph ic  loop recorded by 
ordinary (broken line) and modified (continuous line) orthogonal 
sys tem of SVEC III leads. Zones of ORS complex for  two cases (A 
and B) with the most  marked difference between the curves are  
shown as an example. 
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showedthat the  suggested simplified Z lead with five electrodes (described as Z~) is in no way inferior  in its 
measur ing  charac te r i s t i cs  to the ordinary 8-electrode Z s lead. 

To continue the investigation of whether the Zs lead can be replaced by the Z 5 lead, an experimental  
synchronized recording of the EKG was made by means  of the SVEC III sys tem with the ordinary and s im-  
plified Z leads on a group of healthy subjects and patients to de termine  the extent to which the result ing 
curves differed. 

EXPERIMENTAL METHOD 

A group of men aged 20-65 years ,  consisting of 25 healthy subjects and 15 patients with various path- 
ological changes of the ventr icular  myocardium was investigated. Signals f rom X s, I s, Zs, and Z 5 leads 
were  recorded synchronously on paper tape moving at a speed of 100 m m / s e c  by means of the Mingograph 
42B instrument.  The sca lar  curves thus obtained for  the ORS complex were represented as samples taken 
every 5 msec  with an accuracy  of 5% of the maximal  value. Project ions of the vector  card iogram on the 
plane of coordinates were plotted f rom these samples.  A visual compar ison of the sca la r  e lec t rocard io-  
g rams  and the vec tor -ca rd iograph ic  loops obtained by the use of Z s and Z 5 leads was then made, and the 
same curves were compared by means of a special  mathematical  method using an electronic computer .  

E X P E R I M E N T A L  R E S U L T S  

Visual compar ison of the sca la r  and vector  curves obtained by the two methods descr ibed showed 
their  str iking similari ty;  the sca la r  e lec t rocar iodgrams  were hardly distinguishable, while the vector  
ca rd iograms  had small  relat ive displacements,  although the basic features  of their  shape and the or ienta-  
tion of the loop were  absolutely identical (Fig. 1). This ra ised the hope that ordinary  diagnostic data ob- 
tained by the use of the orthogonal SVEC III sys tem are  suitable (perhaps with small  co r rec t ions ) fo r  dia- 
gnosis when the suggested system is used with the simplified Z 5 lead also. Quantiative a s sessmen t s  of dif- 
fe rences  between the Z s and Z s leads were obtained in o rder  to take into account the possibil i ty of automa-  
tic methods of process ing  the e lec t rocard iograms  on computers  [4]. 

The method (algorithm) used in the investigation is a formal  procedure  which gives a consistent 
quantitative a s sessment  of deviation of the shape of one curve f rom the shape of another if they "do not 
differ too much" f rom each other.  The method remains  unchanged, in principle,  for  compar ison of sca la r  
curves,  two-dimensional ,  and three-dimensional  vector  loops. In this way, the appropriate  a s sessments  
can be compared.  The measure  of difference in the shape of the curves  is the ord inary  relat ive standard 
deviation of one curve f rom the other; before calculation of this cr i ter ion,  the curves  to be compared a re  
superposed on each other by means of a special  t ransformat ion  which had to compensate the following 
principal  e r r o r s  of measurement :  displacement of the zero  amplitude level of the signal, differences be-  
tween the amplification fac tors  of the channels, and the indeterminancy in t ime of the origin of counting 
the sample [1]. 

Fo r  instance, if the difference between two ser ies  of curves is to be assessed :  

x~(t), x d t )  . . . . .  x .  (t) 
y~(t), g~(t) . . . . .  y .  (t) 

a~. t .~ b, 

the measure  of the difference is the value of a n determined by the relationship: 

rhine ff ~ Xi((~ (T) ) - -  --~2 l i j y j ( @ ( T )  ) - -  l i , r ~ + l  d T  

E2  __ 0 ~ 1  / = 1  
n - -  1 n ' 

0 i = I  

where 9 (~') = t is the inverse function relat ive to the function 

;[. 
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and, s i m i l a r l y ,  r =t is the i nve r se  function r e l a t i ve  to the function 

k i = l  

F o r  s c a l a r  cu rves  n = 1, for  two-d imens iona l  loops n= 2, and for  t h r e e - d i m e n s i o n a l  loops n = 3. 

P a r a m e t e r s  of t r a n s f o r m a t i o n  of the curves  and values  of the c r i t e r i o n  of d i f ference  we re  ca lcula ted  
on the BESM-3M e lec t ron ic  compute r .  

The resu l t an t  s t andard  deviat ion between the curves  obtained by the use  of Zs and Z 5 leads  was 
0.13 4-0.04 for  the un id imens iona l  (scalar )  case ,  0.07 4-0.02 for  the two-d imens iona l  case ,  and 0.05 4- 0.01 
for  the t h r e e - d i m e n s i o n a l  case .  The s l ight  deviat ion (on the a ve r a ge  13%) between the s c a l a r  s ignals  of 
the Z s and Z 5 leads  thus leads  to an even s m a l l e r  deviat ion between the co r respond ing  vec to r  c a r d i o g r a m s  
(on the ave rage  5%), which is of the s ame  o r d e r  of magni tude as the in s t rumen ta l  e r r o r s  of e l e c t r o c a r d i o -  
graphic  r ecord ing .  This conf i rms  that the sugges ted  modif ica t ion  of the Z Iead of the SVEC III sy s t em 
v i r t ua l l y  does not change the m e a s u r i n g  c h a r a c t e r i s t i c s  of this  lead.  Consequently,  for  or thogonal  vec to r  
ca rd iog raphy  it is  expedient  to use a modif ied  sy s t em of leads  p o s s e s s i n g  the same  diagnost ic  c r i t e r i a  as 
the o r d i n a r y  SVEC III sy s t em,  but much s i m p l e r  and m o r e  convenient in use.  
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