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An art if icial  hear t  in which the output is automatical ly control led by the venous re turn ,  when 
implanted into dogs in the orthotopic position was found to be highly sensit ive to changes in 
the hemodynamic conditions (a decrease  in the venous re turn ,  hypo-  and hypervolemia,  in- 
c reased  per iphera l  res i s tance)  and prevented the development of c r i t i ca l  situations. For  24 h 
the principal  vital functions of the exper imental  animals were maintained. 
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Considerable p r o g r e s s  in the design and const ruct ion of p ros theses  intended to replace  the natural  
hear t  has been achieved in recen t  yea r s  [2-7]. However, many important  aspects  of this problem still r e -  
main unsolved. 

The object of this investigation was to create a model of an implantable heart capable of changing its 

working conditions in accordance with changes in the venous return and to investigate the hemodynamics 
during the working of such a heart. 

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

Experiments  were ca r r i ed  out on adult dogs weighing 23-30 kg. After t r anss te rna l  thoracotomy,  with 
the aid of an art i f icial  c i rcula t ion the hear t  was removed from the animals and the art i f icial  hear t  implanted 
in the orthotopic position. 

The ar t i f ic ial  hear t  had two a t r ia  and two ventr ic les  with inlet and outlet valves. The ventr ic les  were 
compres sed  by means of an al ternating p r e s s u r e  applied by the pneumatic drive. The stroke volume of the 
art i f icial  hear t  was about equal to the stroke volume of the natural heart.  The art if icial  hear t  was connected 
by means of cannulas to the venae cavae and pulmonary veins, the pulmonary a r te ry ,  and the aor ta  (Fig. 1). 
An automatic control  sys tem was developed for the hear t  in which its output was made to depend on the 
venous re tu rn  [1]. The contract ion ra te  of the r ight  pump was determined by the ra te  of filling of the c h a m -  
ber with blood. The filling gauge consis ted of a noncontacting pair of sealed magnetic switches located out-  
side the blood flow. The frequency of the left pump was determined by the frequency of the right,  and its 
stroke ejection volume was control led by a signal of d ispar i ty  between the assigned and true duration of 
diastole. 

The response  of the ar t i f ic ial  hear t  to a reduction in the venous re tu rn  to the r ight  atr ium, to hypo- 
and hypervolemia, and to injection of noradrenalin was studied in 17 experiments. In I0 experiments the 
work of the artificial heart was studied for 6-24 h after closure of the thorax without any additional pro- 
cedures. 
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Fig. i. 

H 

S c h e m e  of  c o n n e c t i o n  of  the a r t i f i c i a l  

h e a r t  to the v a s c u l a r  s y s t e m .  

T A B L E  1. Mean  P r e s s u r e  in R i g h t  and Lef t  A t r i a ,  P u l m o n a r y  A r t e r y ,  
and A o r t a  and Volume  Blood F low a long  A s c e n d i n g  A o r t a  with N a t u r a l  
and I m p l a n t e d  H e a r t s  (M �9 m) 

Heart 

Natural 
Artificial 

Mean pressure (in mm Hg) 
right pulmo- left 
atrium nary atrium 

artery 

1+1 16-----2 5-----1 
2 -+- 1 2l-----3 7+2 

aorta 

110-+-12 
103--+9 

Heart rate, 
beats per 
minute 

140~6 
89--- + 5 

Volume blood 
flow along 
ascending aorta 
(in ml/kg/min) 

80~--7 
82--8 

The EEG, the blood flow and pressure in the aorta, .and the pressure in the pulmonary artery and atria 
were recorded on the Mingograf-81 polygraph; the acid-base balance .and composition of the blood gases 

were determined by the micro-Astrup method. 

RESULTS 

As Table 1 shows, after thoracotomy and catheterization of the chambers of the heart and blood ves- 
sels,the indices of the central hemodynamics were within normal physiological limits. The artificial heart 
maintained the minute volume with a slower rate of contraction. The pressure in the pulmonary artery and 
aorta and the central venous pressure also remained within normal physiological limits. 

A sharp decrease in the venous return to the right atrium (occlusion of the venae cavae) led to a drop 
in pressure in the left atrium, pulmonary artery, and aorta, a decrease in the minute volume of the heart, 

and slowing of the ventricular contractions. Removal of the occlusion was followed by a rapid increase in 
the heart rate and restoration of the normal central hemodynamic indices (Fig. 2A). With an increase in the 
venous  r e t u r n  to the r i g h t  h e a r t  by  i n t r a v e n o u s  in fus ion  of  p h y s i o l o g i c a l  s a l i n e ,  the a r t i f i c i a l  h e a r t  i n c r e a s e d  
the f r e q u e n c y  of  i t s  v e n t r i c u l a r  c o n t r a c t i o n s  and i t s  m inu t e  vo lume .  The p r e s s u r e  in the r i g h t  a t r i u m  r e -  
t u r n e d  to i t s  i n i t i a l  va lue .  R e d u c i n g  the c i r c u l a t i n g  b lood  vo lume  by b l e e d i n g  l ed  to a d e c r e a s e  in the  c e n t r a l  
venous  p r e s s u r e ,  a c c o m p a n i e d  b y  a s lowing  o f t h e  r a t e  of v e n t r i c u l a r  f i l l i ng  and a d e c r e a s e  in the minu te  
v o l u m e  of  the h e a r t  un t i l  the n o r m a l  p r e s s u r e  in the a t r i a  was  c e s t o r e d .  

I n t r a v e n o u s  i n j e c t i o n  of  0.5 m l  n o r a d r e n a l i n  so lu t i on  ( a m p u l e - p a c k e d )  was  fo l lowed  by an i n c r e a s e  in 
the p r e s s u r e  in the a t r i a ,  a o r t a ,  and p u l m o n a r y  a r t e r y .  As  the p r e s s u r e  e f f ec t  c e a s e d  the o r i g i n a l  v a l u e s  

of t h e s e  i n d i c e s  w e r e  r e s t o r e d  (Fig .  2B). 

The a r t i f i c i a l  h e a r t  thus  r e s p o n d e d  to a change  in the c i r c u l a t i o n  and r e s t o r e d  the m a i n  i n d i c e s  of the 
c e n t r a l  h e m o d y n a m i c s  to t h e i r  o r i g i n a l  l e v e l s ;  i t s  r e s p o n s e s  w e r e  s t a b l e  t h roughou t  the p e r i o d  of  i n v e s t i g a -  

t ion.  
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Fig.  2. Response  of a r t i f i c i a l  h e a r t  to reduced  venous r e t u r n  to 
the r igh t  a t r i u m  (A) and to in ject ion of no rad rena l in  (B). F r o m  
top to bottom: p r e s s u r e  (in mm Hg) in thorac ic  a o r t a  (TA), pu l -  
monary  a r t e r y  (PA), lef t  a t r ium (LA), and r igh t  a t r ium (RA). 
Ar row ind ica tes  t ime of in jec t ion  of no rad rena l in .  
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Fig.  3. Some phys io log ica l  c h a r a c t e r i s t i c s  of the work of the a r t i -  
f ic ia l  h e a r t  dur ing  24 h. F r o m  top to bottom: EEG (e l ec t roen -  
cepha logram)  in #V; p r e s s u r e  (in mm Hg) in thorac ic  a o r t a  (TA), 
pu lmonary  a r t e r y  (PA), lef t  a t r ium (LA), and r ight  a t r ium (RA); 
AA) volume blood flow in ascending  a o r t a  (in l i t e r s / r a i n ) .  

During prolonged function of the a r t i f i c i a l  hea r t  the p r e s s u r e  and blood flow were  not s igni f icant ly  d i f -  
fe rent  f rom in i t ia l ly  (Fig. 3). Changes in the a c i d - b a s e  balance ,  the oxygen sa tu ra t ion  of the hemoglobin,  
and the p a r t i a l  p r e s s u r e  of oxygen and ca rbon  dioxide in the blood were  c o r r e c t e d  dur ing  the working of the 
a r t i f i c i a l  h e a r t  [or 24 h by changes in the p a r a m e t e r s  of vent i la t ion of the lungs and by in jec t ion  of sodium 
b ica rbona te .  The ocu la r  r e f l e x e s ,  r e s p o n s e s  to pain and acoust ic  s t imula t ion ,  g o a l - d i r e c t e d  m u s c u l a r  a c -  
t ivi ty,  and the b i o e l e c t r i c a l  ac t iv i ty  of the b r a i n  were  mainta ined  in the an imals .  

It can be concluded from the r e s u l t s  of these  e x p e r i m e n t s  that the a r t i f i c i a l  hea r t  with a sys tem of 
con t ro l  by the venous r e t u r n  can main ta in  ef fec t ive  per fus ion  of tt~e t i s s u e s  [or a long t ime.  Automatic  con-  
t ro l  of the v e n t r i c l e s  of the a r t i f i c i a l  h e a r t  by means  of a noncontact ing t r a n s d u c e r  of the sea led  magnet ic  
switch type,  located outs ide the blood flow, e n s u r e s  a r ap id  i n c r e a s e  o r  d e c r e a s e  in the minute volume of 
the h e a r t  and in the r a t e  of i ts  con t rac t ion  and the high sens i t iv i ty  of the h e a r t  to changes  in the hemody-  
namic condi t ions .  
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