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Digital  computers have been used to analyze  electrocardiograms [4, 5]. 

When the method of e lectrocardiotoposcopy is used to study the e lec t r ica l  f ield of the human heart  many 
numer ica l  data are obtained [1-3], the analysis of which may be undertaken in various directions. Above al l  it  is 
interest ing to obtain genera l ized  data, showing the fundamental  principles governing the distribution of the cardiac  
potentials on the surface of the chest. The object  of the present investigation was thus to analyze  e lec t rocard io-  
toposcopogram in order to obtain s ta t i s t ica l ly  significant data character iz ing the distribution of the potentials in 
part icular  phases of ac t iv i ty  of the heart. The obtaining of general ized,  mean indices for the normal state and for 

certain diseases is of diagnostic interest.  The diagnosis can also be made with a computer by means of the auto-  

mat ic  comparison of data obtained from a patient  with that stored in the computer 's  memory.  

The Ural-1 computer  was used for making the analysis (programmer Z. Vilina). Data were analyzed from 
four groups of persons: heal thy,  patients with hypertrophy of the left  ventr icle ,  patients with hypertrophy of the 
right ventr icle ,  and patients with a block of the right branch of the bundle of His. 

By means of the method of e lectrocardiotoposcopy it is possible to record 50 chest leads in the form of lumi -  
nous points and, at the same t ime,  in the form of luminons cohmns .  The luminous points on the screen of the osci l -  
loscope are distributed in the same order as the electrodes on the anterior surface of the chest wall.  The brightness 
of the points and the height of the columns change in step and in proportion to the magnitude of the cardiac  poten- 
tials. An increase in the brightness of the points and in the height of the columns corresponds to electronegat ivi ty.  
A fal l  in the in i t ia l  leve l  of brightness of the points and height of the columns indicates the development  of 

electroposi t ivi ty.  

The height of the columns was determined for analysis of the results of electrocardiotoposcopy by the com-  
puter. For analysis of the cardiac  cycle  with a f i lm speed of 64 frames/sec,  30-40 frames are needed. Each of 

them represents 50 values. Only 10 frames were subjected to ma themat i ca l  analysis (the last frame of the PQ in-  
terval ,  the QRS complex,  the in l t i a l  part of the period TA). Generalizations were obtained on the computer by 
comparing the homonymous points on the motion picture frames corresponding to the same phases of cardiac  activity.  

The results of measurement  of the height of the column character izing the e lec t r ica l  act ivi ty  were fed into 
the computer .  These results for each  pat ient  numbered from 0 to n were represented as 10 (for the number of frames) 

matrices of the following type: 

] a f  . a f  ,I 

or by the abbreviat ion tl af- I I, where (as also in the subsequent formulas) f = 1 . . . . .  10 - the frame number; i = 
1 J , 5 - the number of t~e line on frame f ;  j = 1 . . . .  10 - the number of the column on frame f ;  a. f. -> 0 - 

. . . .  . ' . l j  . 

the dec imal  number in re la t ive  units equal to the size of the column at the point of intersection of the hne 1 and 

the column j on the frame f .  
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The first frame, corresponding to the last moment  of the PQ interval (matrix f[ a~j I[ n), was regarded as the 
background. By averaging on the computer the "mean a" was determined: 

8 10 
1 ~  f 

amean -- 5-0 a... 
= j = l  

This value (amean) was the closest to the size of the columns during minimal cardiac activity. The values of 
amean differed from one patient to another (different tuning of the recording apparatus), and the data for each pa- 
tient were therefore standardized relative to the corresponding amean. For the statistical analysis the information 
was recorded in the computer on 4 levels of a two-digit binary code: 

1 
00, if a.. < -ff amean 

01, if -ff amean < a.. < amean 

10, if amean <.-~ a.. < -)- amean 
8 

11, if  ~- amean <: a~. 

The first two levels (00, 01) reflect etectropositivity, the next two (10, 11) correspond to electronegativity. 

Eight patients were chosen with each disease (see above), with sufficiently characteristic symptoms. As men- 
tioned above, each patient was characterized by 10 (according to the number of frames) matrices of the type: 

f ,  it ii/,n, 
where n = 1 . . . . .  8. 

From these, 10 matrices of new types were obtained, enabling the character of the disease to be judged with 
greater statistical reliability than from single measurements (for one patient). 

Each type of matrix was obtained in accordance with one of 4 programs. 

No. i formed generalized matrices ]I Cifi [In on the basis of coincidence of Program the corresponding points 
taken relative to amean in different patients from one group of diseases in more than 50% of cases. In these cir- 

ri 

cumstances the work of the computer was determined by the formulas: 

8 

c i f=  n =18 
1, if tz~,lccf >~4 

1, if bi/= 10 or = 11. 

The matrices thus obtained give an idea of the distribution of the potentials on the anterior surface of the 
chest wall in the disease as a whole, for the points not characteristic of the disease (random artefacts, peculiarities 
of the patient) are rejected by averaging. For the sake of ctarity, in the figure, section B, instead of the number 1, 
a dot is inserted at the corresponding place, and instead of zero (0) the place is left blank. 

Program No. 2 for obtaining generalized matrices ]ld~ I[ differed from program No, 1 in the fact that c o m -  

p a r i s o n  was carried out relative to z/ a a~ > a so that the �9 " 3 mean( tj - mean), regions with maximal  electronegativi tycould 
be detected. The work of the computer was determined by the following formulas: 

0, E <4, 
d f ~ n ~ l  

where ~3f.~ 1, if b ~ i  00 or or - . - -  11 i / - -10 ,  
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Results of analysis of a no rma l  e lectrocardiotoposcopic  inves t iga t ion  by 
means of the Ural-1  d ig i ta l  computer .  Explanation in  text.  

These formulas revea l  the regions of greatest  e l ec t ronega t iv i ty  (a~ - 3/2 amean)-  

The de te rmina t ion  of the region of greatest  e lec t roposi t iv i ty  was carried out by program No. 3, in  which the 

comparison was made relative tOl/z amean (a~ _< I/z amean), as a result of which the matrices l]e~ ]In were formed, 
where 

8 

o 

e - - ~  8 
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and moreover 

l0 :00, 
"~ii= 1, i f  = 0 1  or b = 1 0 ,  or b . . = l l .  

In this way the places of greatest  e lect roposi t iv i ty  can be es t imated (a~ _ 1/2 amean) .  

In contrast to the conditions of the analysis described above, program No. 4 demanded 100% coincidence of 

points with a value greater  than amean. 

Program No. 4 may be represented in the following form: the matr ix t] f~ i] is formed, where 

/~).f_~{O, if b~=O0 er b,:i=Ol forall n, 
1, i f  bii~lO o~ b . . - -  11 for a l l  n, 

in other cases it  may  be determined addi t ional ly  at the invest igator 's  discretion. 

The results obtained by means of this formula reveal  the most character is t ic  points of the topogram en-  
countered in all  subjects with that part icular  disease. Analysis of the e l ec t r i ca l  f ield of the heart  on the anterior 

surface of the chest wal l  showed that the use of program No. 1 gave s ta t i s t ica l ly  signif icant  mean data, program 
No. 2 ident i f ied the regions with max ima l  e lec t ronegat iv i ty ,  program No. 3 ref lected the project ion of the region 
of max ima l  electroposi t ivi ty ,  and program No. 4 introduced the greatest demands, namely  100% coincidence,  

As an example  of the distribution of the potentials in a heal thy person the results of measurement  ( invest i-  
gation No. 133) of the height of the columns may  be given, in which leads with above-mean  value are denoted by 
dots (see figure, A, B). 

For comparison, under C in the figure are shown the results of analysis by the Ural-1 computer  using program 

No. 1. Analysis of the data  in the figure shows that  the distribution of the potentials as obtained on the computer  
(C) coincides on the whole with the distribution of the potentials given in the example  (B). 

Comparison c lear ly  shows that in the QRS period the zone of e lect roposi t iv i ty  lies in the middle  part of the 
chest (frame No. 2). On the next frames (3, 4, 5, 6) movement  of e lec t ronegat iv i ty  can be seen along the diagonal  
from right to left and from above down. It is interesting that  at the end of the QRS complex (frame No. 6) a widen- 
ing of the area of e lec t ronegat iv i ty  is observed, and this was found in many invest igated patients. The beginning of 
the period T A is character ized by e lec t ronegat iv i ty  anteriorly in the middle  part of the chest. 

Mathemat ica l  analysis along these lines on the computer  was carried out in cases of congeni ta l  heart defects, 
separate ly  for patients with hypertrophy of the right and the left  ventricles,  and also on patients with a block of the 
right branch of the bundle of His. 

The results obtained by use of programs Nos. 2 and 3 on the Urn1-1 computer  gave the pattern of distribution 

of the cardiac  potentials on the anterior surface of the chest wall  in the form of isopotent ial  lines at 4 levels. This 
variant  of the analysis of the results of cardiotoposcopy is of considerable interest,  for i t  enables a fuller  graphic 
picture of the e lec t r i ca l  f ield of the heart  to be obtained.  

The use of program No. 4, with the demand for 100% coinc idence  of the e lec t r i ca l  ac t iv i ty  of the points 
to be compared,  showed that the genera l ized  data  lost their specif ici ty .  For example ,  when attempts were made 
to different iate  the groups of  patients indica ted  above, negat ive  results were obtained. 

As a result of the use of the above-ment ioned  four programs, i t  was found that with coincidence  of the points 
in more than 50% of cases (program No. 1) s ta t is t ical ly  signif icant  results were obtained. For this reason, averaged 
data for three groups (healthy, patients with hypertrophy of the right ventr ic le ,  and patients with hypertrophy of the 

left  ventr ic le)  were fed into the Urn1-1 computer.  Next, investigations were carried out to make a diagnos~s in 
patients by comparing the readings obtained with the patients with the data for the above-ment ioned  groups. 

S U M M A R Y  

Electrocarditoposcopy data relat ing to the QRS period were processed by means of a " U r a l - l "  digi ta l  e l e c -  

tronic computer  on four programs. Summarized  signif icant  data were obtained on the distribution of cardiac  
potentials on the anterior surface of the thorax in healthy persons, in patients with hypertrophy of the right and left  
ventricles as well  as with right bundle-branch heart  block. In part of those examined by means of the " U r a l - l "  
computer  the e l ec t r i ca l  f ield of the heart  appeared as isopotent ial  lines of var iable  level .  
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