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It is of great  theoret ical  and prac t ica l  importance to know what is the principal control lable pa ram-  
e ter  in the c i rcu la to ry  sys tem:  the cardiac  output or  the a r te r ia l  p ressu re  [1-3]. A great  obstacle in the 
way of finding the answer to this question is the t remendous var ie ty  of the factors ,  somet imes  working in 
opposite direct ions,  concerned with the regulation of the a r te r ia l  p re s su re  level and the s ize  of the cardiac  
output. 

In the present  ar t ic le  an automatic following device for stabilizing p ressu re  at the outlet f rom the 
left ventricle is described.  At the same t ime, the instrument  r ecords  the magnitude of the cardiac  output 
and the total peripheral  res i s tance  of the sys temic  vesse l s  during perfusion of the whole body with a con-  
stant volume of the an imal ' s  own blood. 

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 cats  under u r e t h a n e - c h l o r a l o s e  anesthesia.  After t racheotomy 
and t r ans fe r  of the animal to art i f icial  respi ra t ion the internal  m a m m a r y  a r t e r i e s  and 2-4 intercostal  
a r t e r i e s  were ligated. The thorax was opened through a wide t r ansve r se  incision through the s ternum in 
the third interspace.  The hila of the lungs were i r r igated with 0.5% procaine solution. To prevent  the 
blood f rom clotting, heparin (5000 units) was injected into the femoral  vein. 

A soft c lamp was applied to the infer ior  vena cava at the hilum of the right lung. The thoracic  aor ta  
was ligated at the level of the hilum of the left lung and glass  cannulas connected to a r e s e rvo i r - co l l e c to r  
(1, Fig. 1) were introduced into the proximal  and distal segments .  At this stage of the operation, blood 
f rom the arch of the aor ta  entered this r e se rvo i r ,  and then passed through a constant -del ivery  pump s y s -  
tem (2, Fig. 1) into the descending aorta .  The innominate and the right subclavian a r t e r i e s  were ligated 
in turn at their  point of branching from the a rch  of the aor ta  and calmulas were inser ted into the i r  cranial  
ends, through which blood f rom the pump sys tem entered the upper half of the body. At this stage of the 
operation, the whole of the sys temic  circulat ion was perfused except the coronary  sys tem.  The minute 
volume of perfusion was maintained constant.  The blood circulat ing in the blood sys tem was constantly 
warmed to the an imal ' s  body t empera tu re  by means of a coil (3, Fig. 1) connected to an ul t ra thermosta t .  

The working of the pump was so adjusted that it provided a perfusion p ressu re  in the systemic c i rcu-  
lation and also a p r e s s u r e  in the r e s e r v o i r - c o l l e c t o r  equal to the original systemic a r t e r i a l  p ressure .  In 
these conditions the p re s su re  in the r e s e r v o i r  col lector  is a function of the magnitude of the cardiac  output 
and of the res i s tance  of the s y s t e m .  

P 
Q--Rz + R~ " 

where Q is the blood pumped in unit time, P is the pressure, R I is the resistance of the system, and R 2 is 

the resistance at the outlet from the left ventricle. These relationships are valid, however, in certain con- 
ditions: if, with an increase in the cardiac output, a pressure higher than the intraventricular systolic 

pressure is not created in the reservoir, and if the cardiac output is not reduced so much that the perfusion 
pump begins to suck blood actively from the left ventricle, which inevitably leads to a severe disturbance 
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Fig. 1. Diagram of apparatus.  Explanation in text. 

~ u s e  

Fig. 2. Elect r ical  circuit  of recording apparatus.  Power t r an s fo rmer  
(Tp): winding I) power, 220 V; winding I1) 27 V, for supplying the RT-40 
re lays  (rl, r2); winding III) 6 V, for  supplying the RSM-2 re lays  (r3, r4). 
Contacts of the RSM-2 re lays  K 2 and K 4 a re  used for switching on the 
pilot lamps L 1 and L 2 and the electromagnet ic  marke r s .  The type EGTs 
capaci tor  C 1 is 1000 #F, 30 V. Res is tor  R 1 is 200 ~, 2 W. 1) Rect if ier  
consist ing of a type D7Zh diode; 2) m e r c u r y  manometer ;  3) fixed con-  
tact; 5a, 5b) movable contacts.  

of the hemodynamics within the heart  and of the circulat ion in the system of the co ronary  vesse ls .  

For  this reason,  the main r e s e r v o i r - c o l l e c t o r  is connected to an automatic regulating sys tem con- 
sisting of a m e r c u r y  manometer  with one fixed (4) and two movable (5) contacts  (see Fig. 1), a graduated 
r e s e r v o i r  with a piston filled with lead (6), and an open graduated r e se rvo i r  (7). These r e s e r v o i r s  are  
joined by rubber  tubes passing beneath the valves of an electromagnet ic  re lay  (8) to the r e s e r v o i r -  
col lector .  A pilot lamp is also mounted on the switchboard of the apparatus.  The electr ical  circuit  of the 
apparatus is shown in Fig. 2. 

The operation of the apparatus is as follows. In the initial working position contact 5b (see Fig. 1) 
is immersed  in mercury ,  the level of which in one limb of the manomete r  cor responds  to the p res su re  in 
the r e se rvo i r - co l l ec to r ;  both valves of the r e l ay  a re  closed. With an increase  in cardiac  output the p re s -  
sure  in the r e s e r v o i r - c o l l e c t o r  and manometer  r i ses ,  contact 5a is closed, the valve of re lay 8b opens, 
and blood enters  the r e s e r v o i r  7 until the p ressu re  in the r e s e r v o i r  re turns  to its initial level. With a de-  
c r ease  in the cardiac  output the p re s su re  in the r e s e rvo i r - co l l e c to r  and manometer  falls, contact 5b is 
opened, the valve of re lay  8a opens, and blood from r e s e r v o i r  6 flows into the r e s e r v o i r - c o l l e c t o r  until 
the original p r e s s u r e t h e r e i n i s  res tored .  If necessary ,  by means of the tap 9, blood is passed from one 
r e s e r v o i r  into the other,  and also into the an imal ' s  venous sys tem.  The t ime of opening of the valves of 
the re lay  and the level of the perfusion p res su re  in the sys temic  circulat ion are  recorded  on kymograph 
paper.  

1026 



By means  of the appara tus  descr ibed ,  the p r e s s u r e  at the outlet f rom the left ven t r ic le  may be kept 
p rac t i ca l ly  constant automat ica l ly .  

If the output of the perfus ion pump is at a ce r t a in  level and the va lves  of the r e l a y s  open at a ce r t a in  
t ime  (in the ca se  of a constant  ve loc i ty  of en t ry  of blood into the graduated  cy l inders  and f r o m  them into 
the sys tem) ,  the magni tude of the ca rd iac  output pe r  unit t ime ,  and i ts  changes during va r ious  p rocedures  
on the animal ,  can be de te rmined  re l a t ive ly  accura te ly ,  while the  p r e s s u r e  at the outlet of the left ven t r i c l e  
and the total  pe r iphera l  r e s i s t a n c e  to the blood flow in the sys t emic  c i rcu la t ion  r ema in  constant .  

The appara tus  m a y  be used for  analogous invest igat ions of the card iac  output f rom the r ight  vent r ic le  
and a lso  for  s tabi l iz ing the venous r e t u rn .  Invest igat ions m a y  be c a r r i e d  out with the ches t  open or  c losed.  

~~ 

2. 
3. 

L I T E R A T U R E  C I T E D  

V. M. Khayutin, Vasomotor  Ref lexes ,  Moscow (1964). 
L. L. Shik, in the book: The Oxygen Regime of the Organ i sm and I ts  Regulation (1965). 
A. C. Guyton, Ci rcu la tory  Physiology Cardiac Output and I ts  Regulation, Philadelphia (1963). 

1027 


