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Despite the widespread c l in ica l  appl ica t ion  of bal l is tocardiography a large number of problems associated with 

this method remain  unsolved. No explanat ion is ava i l ab le  of the origin of the different waves. The waves which 

have been most studied are the IJ waves which are associated with the systolic outflow: wave I is re la ted to the force 
with which blood is propel led out of the ventricles,  and wave J with the shock wave of the blood at the bifurcation 
of the pulomnary artery and the aortic arch. The experiments of Start on corpses has shown that the ampl i tude  of 

the IJ waves depends on the rate of systolic outflow and upon its volume [12]. 

The idea has taken root in the l i terature that the contribution of the right ventr icle  to the ampl i tude  of the 
IJ wave of the bal l is tocardiogram (BCG) is greater than that of the lef t  [1, 2, 5, 7]. This notion has its origin in ob-  

servations on the relationship between the ampl i tude  of the IJ waves and the phase of the respiratory cycle .  In a 
heal thy human subject at the moment  of strongest inspiration, when the suction of the thoracic cage is increasing 
its strength, the output of the right ventr icle  also increases, and the ampl i tude  of IJ is usually greater than at expi ra-  

tion, when the output of the left  ventr ic le  is increased.  

However recent ly a number of works have appeared [4, 8, 9] which indicate  that changes in the position of the 

heart  within the thoracic cage during the respiratory act  play a significant part in the fluctuations of the ampl i tude  

of the IJ during the respiratory cycle .  

It is ex t remely  d i f f i cu l t t o  evaluate  the separate contributions Of the right and left  ventricles to the IJ waves 
in an imal  experiments or in experiments on human subjects because a l l  factors which affect the systolic output of 

one ventr ic le  inevi tably  causes a simultaneous change in the other ventr icle  also. 

Here patients with certain forms of congeni ta l  heart  disease are of the greatest use; in them as a result of an 
anomalous development  of the cardiovascular  apparatus the minute and systolic volume of the left  ventr icle  is not 
equal  to that of the right. Two examples  of this condit ion are patent  ductus arteriosus and a t r ia l  septal  defect .  In 
subjects with these congenital  defects, to de termine  the contribution of the left  and right ventricles to the IJ waves 

we compared the systolic volumes of the right and left  ventricles with the ampli tude of the IJ waves. 

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

We recorded the direct  veloci ty  BCG by means of Smith's  magnet ic  e lement .  The ampl i tude  of the IJ was 
measured in mi l l imet res  and a standard ampl i f ica t ion  and was compared with the systolic outputs of the right and 
left  ventricles as determined by the direct  Frick method by use of a cardiac  catheter  introduced by the method of 
Yu. D. Volynskii and R. S. Vinnitskya. The volumes thus determined were expressed as percentages of the correct  

volume ca lcu la ted  for each pat ient  separately.  
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TA BLE t .  Ampl i tude  of the IJ Wave in Relationship to the Systolic Output of the 

Right and Left Ventricles 

M 
S 
G 
B 

G 

Surname 

Systolic volume (as % 

of normal)  

right 

ventr ic le  

lef t  

ventr ic le  

180 

400 

400 
270 

200 

96 

i00 

138 

83 

133 

Ampli tude  (in mm) 

22 

41 

38 

28 

22 

TABLE 2. Ampl i tude  of the IJ Wave and Its Relationship to the Systolic Output 
of the Right and Left Ventricles 

Surname 

L 

G 
M 
Kh 

Systolic volume (as % 
of normal) 

r ight 
ventr ic le  

300 

200 

200 

180 

left  

vent r ic le  

98 
94 
92 

160 

Amplitude (in mm) 

16 

15 -18 

15 

32 

TABLE 3. 
IJ Wave 

Disease 

Mean Values of the Right and Left Ventricles,  and Ampl i tude  of the 

Group of 
patients 

Systolic volume 

(as % of normal)  

r ight 

vent r ic le  
left  

ventr ic le  
Ampl i tude  

(in ram) 

Patent ductus A 90 125 16 +3.5 

B 115 252 31+7.7 

II0 

273 

Atrial septal 
defec t  

82 
i00 

C 

D 

16:~I.7 

19+5.0 

We invest igated 100 patients with patent  ductus, and 40 patients with a t r ia l  septal  defect .  

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

I t  is known that in the condition of patent  ductus part of the blood from the greater c i rcula t ion enters the lesser 
c i rculat ion.  Results obtained by ca the ter iza t ion  of the heart  in such patients have shown that in most of them there 
is a considerable increase  of the systolic volume of the left  ventr ic le  (from 130 to 400~ it was only in certain of the 
subjects tha t  i t  lay within normal  i imits .  The systolic volume of the right ventr icle  varied from 80 to 140% of the 
uormaI amount.  

Many authors [3, 6, 10-11] who have carr ied out bal l is tocardiographic  investigations on patients with patent  
ductus have not iced a character is t ic  sign is a high ampl i tude  of the IJ wave. In most of the patients we have studied 
we have not iced that the ampl i tude  of the IJ wave is 1�89 -2 t imes as great  as in heal thy subjects. (With the method 
of invest igat ion which we used the ampl i tude  of this wave lay between 13 and 20 mm in heat thy subjects.) 

In six patients with a narrow patent  ductus and who shewed ei ther  no increase or a smal l  increase up to 130% 
in the systolic volume of the left  vent r ic le  the ampl i tude  of the IJ wave was not increased:  nei ther  was i t  increased 
in four patients with marked changes in the myocardium.  
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When we compare the ampl i tude  of the IJ wave with the systolic output of the right and left  ventricles in the 

different  patients i t  w as found that for comparable  systolic volumes of the right ventr ic le  the ampl i tude  was greater 
in patients having the greater left  systolic output (Table  1, patients Mr. M and Mr. C). In patients with equal left  

systolic volumes an increase of right systolic volume was not associated with any increase in the ampli tude of the IJ 

wave (patients S, G, M, and G). Final ly ,  in patients with a high right systolic but low left  systolic output the a m p -  
l i tude was less than i t  was in patients with a low right but higher lef t  systoiic output ( female  patients B and G). 

Therefore in patent  ductus a high ampl i tude  of the IJ wave of the BCG is associated with an increased left  
systolic output. It was essential  to exclude the possibili ty that the relationship observed was associated with hemo-  
dynamic  features associated with this defect ,  i .e . ,  that i t  was not brought about by the fact  that in this condition 
there is a reduced per ipheral  resistance of the vessels of the greater c i rculat ion and usually also an increased resist-  
ance of the left  c i rculat ion.  We therefore made a study of patients with a t r ia l  septal defect.  In this condition the 
minute  volumes of the two ventricles are also unequal but the difference in comparison with patent  ductus is that 
i t  is the volume of the output not of the right but of the left  ventr ic le  which is increased because blood passes from 
the Ieft to the right atr ium. The  per ipheral  resistance of the vessels of the greater c i rculat ion is usually not affected.  

Ball istoeardiography showed that  in these patients despite an increase of up to a00% in the volume of the right 

ventr ic le  the ampl i tude  of the IJ wave was less than i t  was in patients with patent  ductus, who showed the same de -  

gree of increase of systolic volume,  but on the left  side. 

In a further analysis of the results obtained on patients with differences in the systolic outputs of the right and 

left  ventricles it was found that when the systolic volumes of the left  ventr ic le  were comparable ,  an increase in 
systolic volume of the right ventr ic le  did not inf luence the ampl i tude  of II wave (Table  2, female  patients L and G). 
A t the same t ime  for comparab le  outputs of the right ventr icle ,  an increase in systolic volume of the left  ventr ic le  

caused a marked increase in the ampl i tude  of this wave (male  pat ient  M, and female  pat ient  Kh). 

The results of investigations on a l l  patients are given in Tab le  3. Here are l isted the mean values ca lcu la ted  
for the patent  ductus group in which the systolic volume of the l e h  ventr ic le  was not increased by more than 130% 
(A), and for patients with a raised left  systolic output (B); also Iisted are figures for patients with a t r ia l  septal  defect  

and a right systolic volume increased by not more than 130% (C), and for patients with an increased right systolic 

output (D). From these results i t  follows that an increased output of the right ventr ic le  of up to 273% does not lead 
to any increase in the ampl i tude  of the IJ wave, whereas an increased output of the left  ventr icle  up to 252% causes 

a marked increase in ampl i tude .  

In both congeni ta l  heart  diseases the minute volume of the blood passing through the lungs is great ly increased 
while the total  minute volume passing through the capi l la r ies  of the greater c i rculat ion is approximate ly  normal.  
The pr incipal  difference is that in patent  ductus the increased pulmonary flow is produced by an increased left  systol-  
ic minute volume, whereas in a t r ia l  septal  defect  the increased output has its origin in the right ventr ic le .  The 
ampl i tude  of the IJ wave was increased in cases where the left  systolic volume was markedIy raised (see Tables 1, 

2, and 3). 

Thus in the formation of the bal l is t ic  impulse responsible for the IJ wave of the BCG, i t  is the act ivi ty  of the 

left  ventr icle  which is of pr incipal  importance.  

We must note that  despite the correspondence between the systolic volume and the ampl i tude  of the IJ wave 

there is no precise and di rec t  proport ionali ty between these two quantit ies.  Nei ther  would such a relationship be 
expected,  because for a given increase in systolic volume the veloci ty  of expulsion which is represented by the a m p -  
l i tude of the IJ wave may vary in different patients according to the characteris t ics  of the expulsion process. 

S U M M A R Y  

Ballistocardiography appl ied  to patients with patent  ductus artetiosus or a t r ia l  septal  defect  showed an increased 
IJ wave in cases where the lef t  systolic volume was increased,  an effect  which was independent of the right v e n m c u -  
tar output. I t  is concluded that i t  is the ac t iv i ty  of the l e f t  ventricle which is of pr incipal  impor tance  in the genesis 

of the IJ wave. 
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