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The possibili ty of using the a t r ia l  myocard ium to control  ar t i f ic ial  ventr ic les  is examined. Cor re l a -  
tion was studied between the tension of the a t r ia l  wall and the tension and p r e s s u r e  in the ventr ic les  
during random variat ion of the card iac  rhythm was studied. Tension in the wall of the corresponding 
par t  of the hear t  was r ecorded  by means of a rch  s train gauges and the in t raventr icular  p re s su re  
by means of an e lec t romanometer  during catheterization of the chambers  of the ventr ic les .  The 
cardiac  rhy thm var ied  f rom 2.0 to 4.0 sec -1. Correla t ion was demonstrated in the a t r ia  between 
the tension and interspike interval  (coefficient of corre la t ion  0.62 :L 0.05). Close corre la t ion  was 
detected between tension in the a t r ia l  wall and the in t raventr icular  p ressure .  The coefficient of 
corre la t ion  in this case var ied  f rom 0.713 :~ 0.09 to 0.874 • 0.02 depending on the mean duration 
of the interspike interval.  Information on a t r ia l  contract ions can be used to control  an art if icial  
heart .  

KEY WORDS: control  of the ar t i f ic ial  heart ;  cardiac rhythm; i somet r ic  a t r ia l  contraction; 
in t raventr icular  p res su re ;  rhythmic- ionot ropic  correlat ion.  

An important  problem during the creat ion of an ar t i f ic ia l  hear t  is that of its control.  Adequate control 
of the cardiac  frequency is i ts principal  aspect .  Generally, it is necessa ry  to regulate not only the hear t  ra te  
but also the cardiac  output, the ra te  of r i se  of p ressure ,  and other pa rame te r s  of mechanical  activity of the 
ar t i f ic ial  heart .  I t  is natural  to use the surviving atr ia ,  which p rese rve  their innervation and their sensitivity 
to humera l  agents [5] to control  the ar t i f ic ial  ventr icles .  For this purpose var ious  types of mechanical  tension 
or deformation formed in the atr ium, on the basis of which the control  sys tem ca r r i e s  out regulation of the 
activity of the ar t i f ic ia l  ventr icle ,  can be used for this purpose. Such a sys tem must  have definite advantages 
over control  sys tems  based on the original  information of the state of the internal  milieu (pO2, pCO~, pH, etc.), 
for c loser  corre la t ions  are  used between activity of the a t r ia  and ventr ic les .  

To put this proposed approach into effect, the f i r s t  step must  be to ensure  that corre la t ion  exists between 
the contract i le  activity of the a t r ia  and ventr ic les  during normal  functioning of the 'hear t ,  at different values 
of the hear t  ra te  or in the presence  of a randomly varying rhythm. Pre fe rence  was awarded to the "random 
regime"  for it cor responds  to a g rea te r  degree to the natural  conditions of function [1, 2]. 

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

Experiments  were  ca r r i ed  out on mongre l  dogs of both sexes weighing 5-8 g on which thoracotomy had 
been per formed under thiopental anesthesia  and the heart ,  f ree  f rom per icard ium,  was exter ior ized into the 
wound. Tension in the wall of the a t r ia  and ventr ic les  was recorded  by means of a rch  s t ra in  gauges, sutured 
to the corresponding regions.  The rigidity of construct ion was 20 g/ram,  ensuring a sufficiently close approx-  
imation to i somet r ic  conditions. The in t ravent r ieu lar  p r e s su re  was recorded  by an e lec t romanometr ie  sys tem 
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TABLE 1. Mean Values of Coefficients of Correla t ion (R) and Dispersion 07) Functions 
(with e r r o r s  of means) of "Interspike In t e rva l -Tens ion"  and Charac te r i s t i cs  of Nonlinear- 
ity n and y at Different Mean Values of Interspike Intervals  (T) in Left (A) and Right (B) 
Hemispheres  
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Fig. 1. Average corre la t ion  function between interspike 
interval  and tension in left ventr ic le  (A) and left a t r ium (B). 
Ordinate, coefficient of corre la t ion (1~); abscissa ,  No. of 
shift (~-). Crosses  indicate mean interspike interval  350 
msec;  c i rc les  indicate mean interspike interval  of 270 
reset .  

for cardiac  catheterization.  Elec t r ica l  stimulation was applied in the form of square pulses (5 V, 5 msec).  The 
electrodes  were  located on the r ight  ventr icle.  A specially designed st imulator,  providing both a constant 
rhythm and a random sequence of pulses (a gaussian stochast ic  p roce s s  with autocorre la t ion coefficient at the 
f i r s t  shift of not more  than 0.07) with coefficient of variation (var T) regulatable between 4 and 22%. The f r e -  
quency range used was 2.0, 3.0, and 4.0 sec -1. After the f i r s t  process ing the experimental  resul ts  were  ca l -  
culated on the BESM-4 computer .  The mean values, dispersion, coefficient of variation,  and c ros s - co r r e l a t i on  
functions between se r ies  were calculated. To determine the c lass  of the sys tem and the possibili ty of using 
corre la t ion  analysis  in order  to study the relat ionship between the var iables ,  a test  for nonlinearity was used 
[3]. This tes t  was ca r r i ed  out by means of dispersion functions, which are  charac te r i s t i c s  of corre la t ion  
between p rocesses  in the case of nonlinear functions [6]. The value of corre la t ion (R) and dispersion (V) func-  
tions coincide only in the case of a s tochast ic  p rocess  of linear s t ruc tures  [4]. The value of V was calculated 
by the equations: 

1 / '~ (~)  (1) n=:~ (~) -- V'b-'~' 
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]/'0--~= (~) (z) 
'qu= (~) = r D (x) ' 

where U (~) is the dispersion function, 77 (0 )  a n d  U ( +  1) are the values of the dispersion functions during shifts 
0 and 1 to the right,  respect ively;  T is the shift; 0 (~-)=D M(x/y l) is the dispersion of a rb i t r a ry  mathematical  
expectations; D(x), D(y) represen t  dispers ion of random functions of x and y. 

The nonlinearity n(~-) and the relat ive nonlinearity y(T) were determined by equations: 

n (T) = V n  ~ (T) - - R  ~ (~),  (3)  

~= (T) -- R = (T) (4) 
Y (~) = ~' (3) , 

where R(T) is the corre la t ion  function; R(0), R(+I), and R(+2) a re  the coefficients of corre la t ion  at shifts 0, 1, 
and 2 to the right, respect ively .  

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

Coefficients of c r o s s - c o r r e l a t i o n  functions "interspike in t e rva l - t ens ion  in wall" in the r ight and left 
a t r ia  at var ious  mean values of interspike in tervals  a re  shown in Table 1. It will be clear  that coefficients of 
corre la t ion  at shift 0 in the left a t r ium are  pract ical ly  independent of the mean duration of the interspike 
intervals.  Coefficients of corre la t ion  likewise were not found to apply to the coefficient of rhythm variation. 
In both the r ight  and the left a t r ia  coefficients of corre la t ion  pract ical ly  coincided with the corresponding 
values of the coefficients of the dispersion functions, and low values of n(~-) and y(T) are  evidence that the 
sys tem can be c lassed as a good approximation to the c lass  of linear dynamic systems.  Whereas the coefficient 
of cor re la t ion  at zero shift R(0) makes a contribution to rhythmic ionotropic correlat ion,  and the degree of 
filling of the chambers  of the heart ,  the coefficient  R(+I) is a product of rhythmic ionotropic relat ions only. 
Its negative values mean that high amplitude of the subsequent contraction cor responds  to a shorter  value of 
the interspike interval.  It may be emphasized that, although " tens ion- in te r sp ike  interval" corre la t ion function 
in the a t r ia  and ventr ic les  at f requencies  of stimulation of not more  than 3.0 sec -i  are  s imilar  in shape, other 
conditions be ing  the same,  R(0) and R(+I) are  significantly greater  in absolute magnitude than in the vent r i -  
cles (Fig. i). This probably indicates that the atria possess stronger rhythmic-ionotropic relations than the 
ventricles. 

Investigations of correlation between isometric contractions of the atria and ventricles showed such 

correlation to be close: R(0) = 0.92 • 0.03. Good correlation also was found between tension in the wall of the 

atria and the intraventricular pressure of the corresponding half of the heart (Fig. 2). Characteristically 
correlation ]~(0) between atrium and ventricle was higher for the right heart than for the left. The "atrial ten- 
sion-interventricular pressure" correlation function for the right heart differed only a little from the disper- 

sion function: R(0} =0.713 • 0.09, U(0) =0.745 • 0.07; R(+l} = 10.288 • 0.3I, ~7(+I) = 0.322 • 0.05 for a mean fre- 

quency of 3.0 sec -I andR(0)=0.874• 7(0)=0.878• 0.04; R(+ 1)=10.30 +0.031, U(+I) =0.36• 0.07 for amean 
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Fig. 2. Corre la t ion functions of tension in a t r ia l  wall ve rsus  
intraventricallar p ressure .  A) Left heart ,  B) right. Mean 
values of coefficient of corre la t ion  (Fl) plotted along ordinate, 
Nos. of shift (7) along absc issa .  Crosses  mark  mean interspike 
interval  of 340 msee; c i rc les  mean intcrspike interval  of 270 
msec.  
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f requency of 4.0 sec -1. A closely  s imi la r  p ic ture  was observed  in the left hear t ,  although the nonlineari ty of 
cor re la t ion  in this case  was r a the r  higher (y =0.16) than in the r ight  hea r t  (y=0.09-0.11).  

It  can be concluded f rom the r e su l t s  given above that c lose cor re la t ion  between contrac t i l i ty  of the a t r i a  
(as re f lec ted  in tension) and the hem0dynamic  act ivi ty  of the vent r ic les  (according to the maximal  value of 
p r e s s u r e  developed) over  a wide range of va r ia t ions  of in terspike  in te rva ls  is the basis  for construct ion of the 
control  loop for  the a r t i f i c ia l  hea r t  on the bas is  of information on a t r ia l  contract ion.  
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Two types of behaviora l  changes a r i s e  in cats  af ter  repe t i t ive  low-frequency s t imulat ion of the 
head of the caudate nucleus in cats .  Behaviora l  inhibition is  m o r e  frequent ly  t r i gge red  f r o m  the 
dorsomedia [  zone of the head, whereas  act ivat ion phenomena precede  depress ion  during s t imu la -  
tion of the ven t ro l a t e r a l  zone. The a s s o r t m e n t  and pa t te rn  of s te reo typed  movemen t s  following 
injection of the min imal  effect ive dose  of amphetamine  va ry  in different ways agains t  the back-  
ground of these changes.  After  s t imulat ion of the dorsomedia l  zones of the nucleus s t e reo typy  
is f i r s t  d isorganized and then weakened, whereas  caudate act ivat ion is a s soc ia ted  with s t reng then-  
ing of s te reotypy.  

KEY WORDS: amphetamine  s t e reo typy ;  eaudate nucleus;  la te  behav iora l  changes 

An impor tan t  place in the organizat ion of amphetamine  s t e r eo typyo fbehav io r ,  used as an expe r imen ta l  
model in psychopathology,  is a sc r ibed  to functional insufficiency of the caudate nucleus [1]. One of the neuro-  
physiological  facts  conf i rming the val idi ty of this opinion is the sudden abolition of s te reo typed  movemen t s  on 
e lec t r i ca l  s t imulat ion of that s t ruc tu re  [4]. However ,  i t  is c la imed that  the s table  behaviora l  changes which 
p e r s i s t  for  a long t ime af ter  the end of s t imulat ion a r e  much c loser  to the indices of na tura l  brain function 
than the phasic  r e s p o n s e s  a r i s ing  actual ly  during s t imulat ion [6]. 

It was the re fo re  decided to study the effect  of delayed caudate phenomena on the manifes ta t ion  of s t e r e o -  

typy. 

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

Ten ca ts  of both sexes ,  weighing 2.2-3.4 kg, took pa r t  in 74 exper iments .  In the p r e l i m i n a r y  s tage under 
pentobarbi ta l  anes thes ia  bipolar  s t imulat ing e lec t rodes  were  inser ted  into different  pa r t s  of the caudate nucleus 
and adjacent  brain s t ruc tu res .  In two an imals  s tee l  needles  also were  inse r ted  into var ious  pa r t s  of the cor tex  
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