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A U T O M A T I C  I N T E G R A L  F R E Q U E N C Y  A N A L Y S I S  

OF T H E  A C C E L E R A T I O N  K I N E T O C A R D I O G R A M  

I.  E~ O r a n s k i i  a n d  L.  N. N e s t e r o v  UDC 612.171.1 

Frequency and amplitude analysis of acceleration kinetocardiograms (KCGs) was carr ied out by 
means of an automatic integrator.  Differences were found in the frequencies of the KCG components, de- 
pending on the place of recording (right or left ventricle) and the periods of cardiac activity. The basis of 
the KCG consists of vibrations in the low-frequency range from 4-12 Hz. 

Besides qualitative and quantitative methods, integral frequency analysis can be used to interpret  
kinetocardiographic curves.  This implies extracting from the total signal of the kinetocardiogram (KCG) 
its regular periodic components and then carrying out frequency integration and measuring the parameters  
of these components. 

Harmonic analysis of the displacement KCG led Andreev and co-workers [1] to the conclusion that 
mathematical expression of the shape of the curve in conjunction with clinical data extends the diagnostic 
possibilities. However, the method which they use, despite its undoubted virtues, is highly complicated 
and requires  special knowledge in the field of mathematical analysis of harmonic oscillations. 

We have used a method of automatic analysis of the frequencies composing the acceleration KCG. 

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

The KCG was recorded from the projection zone of the left and right ventricles in 50 persons (healthy 
subjects and patients with cardiovascular diseases). The KCGwas analyzed by means of a Japanese EA-101 
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Fig. 1. Frequency components of left-ventricular (A) and right- 
ventricular (B) KCG (description in text). 

Sverdlovsk Institute of Balneology and Physiotherapy; Department of Nervous Diseases, Sverdlovsk 
Medical Institute (Presented by Academician V. V. Parin). Translated from Byulleten' s 
Biologii i Meditsiny, Vol. 66, No. 12, pp. 106-108, December, 1968. Original article submitted May 22, 1967. 
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Fig .  2. P e r i o d o g r a m s  of KCG of r ight  
(on the right) and left  (on the left) ven -  
t r i c l e s  of pa t ien ts  with c a r d i o v a s c u l a r  
d i s e a s e s :  m i t r a t  s tenos is  (A), au r i cu -  
l a r  f ibr i l la t ion (B), aor t i c  incompetence  
(C), e s sen t i a l  hyper tens ion  (D), patent  
ductus a r t e r i o s u s  (E), and of healthy 
subjec ts  (F). 1) 1-2 Hz, 2) 2-4 Hz, 
3) 4-8 Hz, 4) 8-12 Hz, 5) 12-20 Hz, 
6) 20-30 Hz, 7) 30-60 Hz. 

automat ic  computer .  An 8-channel  inkwrit ing polygraph was 
used~ The pape r  winding speed was 30-60 mnv/SeCo 

F o r  in tegra l  f requency analys is ,  the KCG was r eco rded  
on the f i r s t  channel, and i ts  components  were  r eco rded  in p a r -  
a l le l  on the o ther  seven channels,  within the range f r o m  1 to 
60 Hz in the following f requency in te rva l s :  1-2, 2-4, 4-8, 8-12, 
12-20, 20-30, and 30-60 Hz (Fig. 1). 

The components  were  in tegra ted  s imul taneous ly  by means  
of an in t eg ra to r  a t tachment ,  summat ing  the i so la ted  f requen-  
c ies  for  a per iod of 10 sec and record ing  by means  of a s e p -  
a ra t e  pen a p e r i o d o g r a m  consis t ing of 7 spurs  (of an epoch), 
the ampli tude of which re f l ec t s  the osci l la t ion ene rgy  of 7 types  
of f requencies  (Fig. 2). The re la t ive  percen tage  of each f r e -  
quency in the epoch was  de te rmined  by the fo rmula :  

A 
A -hAl+.--AT "100' 

where  A1, A2, and so on r e p r e s e n t  the ampli tude of the epoch 
spur s  in ram.  No fewer  than 5 epochs were  r eco rded  for  f r e -  
quency integrat ion.  

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

The ana lys i s  showed that  on all  inves t iga ted  segments  of 
the KCG there  is  a s e r i e s  of per iodic  components .  The i r  num-  
be r  var ied  in different  subjects  f r o m  5 to 7. The pa r t  of the 
ECG cor respond ing  to the phase  of i s o m e t r i c  cont rac t ion  con-  
tained mainly  h igh- f requency  components  {30-60 m~n), but du r -  
ing the phase  of asynchronous  contract ion,  s lower  osc i l la t ions  
of the o r d e r  of 4-8 Hz appeared .  The segment  of the curve  
co r respond ing  to the phase  of expuls ion cons is ted  of v ibra t ions  
of the o r d e r  of 8-20 and 20-30 Hz. The diastol ic  p a r t  of the 
k ine toca rd iog ram consis ted  of lower f requenc ies  (4-8 Hz). 
Slow vibrations (of the order of 1-4 Hz) were present in all 
parts of the kinetoeardiogram constituting the eardJLac cycle. 

The amplitudes of the isolated frequencies also varied 
from units to tens of millimeters, but did not exceed 70 ram. 
Besides frequencies clearly visible on the KCG, the analyzer 
also detected a number of components not directly observable. 
A segment of the KCG of a healthy person recorded from the 
projection zone of the left ventricle is shown in Fig. IA. In 
this case the frequency analyzer distinguished eomponentswith 

f requenc ies  of 2-60 Hz and ampl i tudes  of 2-36 ram, the m a x i m u m  lying in the region of v ibra t ions  of 4-12 
Hz. A segment  of the KCG of the s ame  p e r s o n  r eco rded  f r o m  the projec t ion  zone of the r ight  w~ntriele is  
shown in Fig. 1B: a shift  toward lower f requencies ,  mainly  in the range 4-8 Hz, can be observed ,  and the 
ampli tude of the h igh- f requency  component  was  cons iderab ly  reduced.  Sta t is t ical  ana lys i s  of 100 epochs 
r eco rded  on ten healthy p e r s o n s  is  given in Table 1. I t  shows that the re la t ive  percen tage  r eaches  a m a x i -  
m u m  in the f requency  regions  of 4-8 and 8-12 Hz. The mean  values of the f i r s t  range  a re  25.2*2.2%, on 
the KCGs r eco rded  f r o m  the pro jec t ion  zone of the left  ven t r ic le  and 34.8~2.7% fo r the  r ight  vent r ic le  (P < 
0.01). Wherea s  in the range  4-8 Hz the ampli tude c h a r a c t e r i s t i c s  of the KCG waves  were  higher  for  the 
r ight  vent r ic le ,  in the range 8-12 Hz the ampli tude of the spurs  of the p e r i o d o g r a m  was g r e a t e r  for  the left 
vent r ic le  (30.4-~2.1%) than for  the r ight  (17.9• (P < 0.002). In the r anges  1-2, 2-4, 12-20, and 20-30 
Hz, d i f fe rences  between the r e s u l t s  obtained by f requency  analys is  of the KCG of the left  and r igh t  ven t r i -  
c les  were  sma l l  and were  not  s ta t i s t ica l ly  s ignif icant ,  but in the range  of higher  f requenc ies  (30-60 Hz) 
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TABLE 1. Relat ive  P e r c e n t a g e s  of Frequency  Components  of Lef t -  
Vent r icu la r  and Righ t -Vent r i cu la r  KCG of Healthy Subjects (M~m) 

Zones of re- I Ranges of frequencies (in Hz) 
cording of KCG I 1--2 2--t I 4--8 I 8--12 I 12--2o I 20--30 30--60 

/ 
Left ventricle 16,8• 

Right ventricle 1 7,5• 

I 
8,1• 25,2• 30• 10,4• 

I 
0,7-+0,9 34,8-+2,7 17,9-+1,9 10,6_+1,8 ll,4• 

4 , 0 9 _ _ 0 , 3  

6,7_0,9 , 

d i f fe rences  between the f requency components  were  again found. On the in tegra l  curve  for  the zone of the 
r ight  ven t r ic le  they amounted to 6.7• compared  with 4.09~0.3% for  the pro jec t ion  zone of the left  ven-  
t r i c le  (P < 0.05). 

To sum up, it  can be said that  the mechanica l  act ivi ty  of the hea r t  i s  accompanied  by genera t ion of 
v ibra t ions ,  the energy  m a x i m u m  of which l ies  in the range of low f requencies  (4-12 Hz), and which a r e  e v i -  
dently la rge ly  due to the k inemat ics  of the hear t .  
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