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The cont rac t i le  function of  the m y o c a r d i u m  was studied during r ep l acemen t  of  lost  blood by 
autologous blood and blood subst i tu tes  in expe r imen t s  on rabb i t s  us ing  the method of repea ted  
loading by c o m p r e s s i o n  of  the aor ta .  The force  of  contract ion in all  expe r imen t s  was m a i n -  
ta ined for  a long t ime  and the d i f fe rence  f r o m  the control  was smal l .  The ra t e  of contract ion 
was reduced even a f t e r  t rans fus ion  of autologous blood. Transfus ion  of blood subst i tu tes  
caused an even g r e a t e r  d e c r e a s e  in the con t rac t i l i ty  index, l e s s  so with the Use of dext ran  
than of gelatinol.  The d e c r e a s e  in cont rac t i l i ty  of the m y o c a r d i u m  is connected with the hy -  
poxia caused by the blood loss .  

The m a r k e d  inc rea se  in minute  volume with a d e c r e a s e  in the oxygen capaci ty  of the blood, including 
that  a r i s ing  by dilution of the blood with subs t i tu tes ,  has  been known for a long t ime  as the r e su l t  of much 
r e s e a r c h .  The oxygen consumption of the hea r t  and the total  quantity of  work  p e r f o r m e d  by it show lit t le 
change under  these  c i r c u m s t a n c e s  on account  of  a d e c r e a s e  in the genera l  pe r iphera l  r e s i s t a n c e  [2]. 

In this invest igat ion an a t tempt  was made  to d e t e r m i n e  whether  pa r t i a l  r ep l acemen t  of the blood by a 
foreign med ium leads to a d e c r e a s e  in the cont rac t i le  power of  the hea r t  and whether  the blood loss  i t se l f  
has  a ha rmfu l  action on the m y o c a r d i n m ,  leading subsequent ly  (if the hypotension is prolonged) to the f o r m a -  
tion of  the m y o c a r d i u m - i n j u r i n g  fac tor  desc r ibed  e a r l i e r  [5]. 

EXPERIMENTAL METHOD 

Rabbits weighing 2-2.5 kg were anesthetized with ehloralose and urethane, thoracotomy was performed 
and controlled respiration applied. The pressure in the left ventricle was measured with an eleetromanom- 
eter through a thick needle introduced into the chamber of the ventricle. The arterial pressure was meas- 
ured in the femoral artery. Recordings were made on the Mingograph-81 instrument. A load was applied 
to the heart by repeatedly compressing the aorta [3] for 30 sec at intervals of 5 rain. The aorta was com- 
pressed 14 times in each animal. The heart rate and the maximal increase in systolic and end-diastolic 
pressure were determined after compression for 25 sec and the contractility index (the ratio between the 

maximal rate of rise of pressure in the ventricle in the isometric phase of contraction and the integrative 
tension in the muscle in that phase) was calculated [8, I0]. The blood loss amounted to 20-25 ml/kg and it 
caused the arterial pressure to fall to 20 • 5 mm Hg. The lost blood was replaced by the same volume of 
the rabbit's own blood (I0 experiments), of dextran (i0 experiments), and of gelatinol (8 experiments). The 

tests with compression of the aorta began 2 h after the end of blood replacement, when the animal was adap- 
ted to the new conditions. Ten control experiments (without blood loss and transfusion) also were carried 

out. 
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TABLE 1. Changes in the 
Maximal Systolic P r e s s u r e  (in 
m m  ttg) during Repeated Com-  
press ion  of the Aorta (hi • m) 

~ ~ ,Imtlal 
2  'baek- 

a,>~d 
z~  

i 7 7 ~ 7  
3 ~ 7 7 •  
5 ; 78___8 

t 7 3 ~ 5  
i0 ! ::4_+2 
14 i 1 6 1 ~ 1 2  

Period of clinical death 
I 

recov-, 
cry dextran gelatinol 
period 

7 2 ~ 5  1 5 4 - + 7 '  1 6 6 ~ 5  
7 4 ~ 6  155-+7 1 5 9 •  
73-+6 154-+7 154__+6 
73-+5 1 5 4 •  155-+6 
6 3 ~ 5  15 t -+7  151-+4 
5 5 •  1 4 9 •  1 2 4 •  

Note: Here and in Table 2 va l -  
ues differing significantly f rom 
the control  for the same c o m -  
p ress ions  and values differing 
significantly f rom values at the 
f i rs t  compress ion  a re  marked  
with an as ter i sk .  

TABLE 2. Changes in Cont rac-  
t i l i ty Index (in sec -2) during 
Repeated Compress ion  of the 
Aorta  (iV[ ~ m) 

O 'J. I 

o S ]Control 

z '~t  ] 

After transfusion of 

blood 

' 864 -+95  828 -+43  
819_____37 7 0 2 ~ 4 3  

1 7 4 7 •  607__+4t* 
7 662-+46  4 9 4 ~ . 4 5 "  

552_~59 / 3 8 1 l + 2 3 "  
1014 3 8 9 •  I 2 7 5 •  

1 

dextran gelatinol 

I 
574 ~ 102" I 5"21 •  
5 1 3 ~ 9 3  * 420-+26 ~, 
4 2 4 ~ 7 2 "  I ,~28-+2~* 
3 9 4 ~ 7 5  * 2 9 5 ~ 2 9 "  
2 9 5 ~ 3 0 ,  oo-~o.~, 
2 4 0 •  1144•  

the rnnyocardiurn but no such injury could 

EXPERIMENTAL RESULTS 

The principal results are shown in Tables I and 2. Changes 
in the parameters studied were calculated relative to the control 

and also to the original data (first compression); in the latter case 
the statistical analysis was carried out by the difference method. 

The exceptional stabil i ty of the maximal  force  of contract ions 
during repeated compress ions  will be noted. Compared with the 
control  there was a small  dec rease  in the s t rength of  contract ion 
af ter  t ransfusion of the blood subst i tutes,  but this was s ta t is t ical ly  
significant only in the experiments  in which gelatinol was injected 
and at the 14th compress ion .  Compared with the initial data the 
dec rease  in the s trength of contract ion occu r r ed  in all exper iments  
af ter  the 10th compress ion .  A more  complete idea of fatigue of 
the myoca rd ium was g ivenby  the contract i l i ty  index (Table 2). The 
resul t s  i l lustrated in Fig. i a re  expressed as percentages  relat ive 
to the f i r s t  compress ion  in the control  experiment ,  taken as 100%. 
In the control  exper iments  a s ta t is t ical ly  significant dec rease  in 
the contract i l i ty  index occur red  af ter  the 5th compress ion ,  but in 
the experiments  with rep lacement  of the lost  blood by blood after  
the 3rd compress ion ,  the dec rease  in this case was more  marked 
than in the control  experiments .  An even g rea te r  dec rease  in the 
contract i l i ty  index was observed in animals in which the lost blood 
was replaced by blood substitutes.  

The blood loss to which the animals were  subjected thus 
c lear ly  al tered the functional state of the hear t  muscle ,  as was 
shown dist inctly by the experiments  in which the animals were  
t ransfused with the i r  own blood. The cause of the phenomena ob-  
served could be dis turbances  of ca rbohydra te -phosphorus ,  lipid, 
and protein metabol i sm ar i s ing  in the rnyocardium as a resul t  of 
the blood loss [7, 9, 11]. The anemic hypoxia caused by t ransfusion 
of the blood substitutes reduced the r e se rve  forces  of the hear t  
still fur ther ,  but to a l e s se r  degree after  the t ransfusion of dex-  
t ran  than of gelatinol. The possibil i ty of a harmful  action of dex-  
t ran  on the myocardinrn seems unlikely. Large doses of dextran 
with different molecular  weights have been injected repeatedly and 
for long periods into rabbits  with the object  of inducing injury to 
be found ei ther histologically or  histochernically [6]. In other  ex-  

per iments  in dogs changes were found in the mitoehondria  of the myocard ium after  rep lacement  of lost blood 
by the substance rheopolyglucin,  but the workers  concerned state that the resul ts  of exper iments  using high 
dilutions of blood can be regarded  as a compensa tory  react ion to changes taking place in oxidative metabo-  
l i s m r a t h e r  than as a harmful  action of the dextran i tself  on the mitochondria  [4]. I t  is in terest ing to note 
that t ransfus ion  of rabbits  with dextran leads to an increase  in the noradrenal in  concentrat ion in their  hear t  
[1] which helps to maintain the force  and rate  of its contract ions.  

Control Blood Dextran Gelatinol 

13571814 I$$71$14 1 5 J 7 1 0 1 4  I$$710/4 

Fig. 1. Changes in contract i l i ty  index (in percentage of f i rs t  corn- 
press ion  in the control).  Numbers inside columns are  percentages;  
numbers  below columns represen t  ser ia l  no. of compress ion .  
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The cause  of the m o r e  marked  inhibition of the cont rac t i le  flmction of  the myocard ium af te r  t ransfus ion 
of  gelatinol is uncer ta in .  It is also not c lea r  whether  gelatinol i t se l f  exer t s  a negative inotropic action or  
whether  it inhibits the manifestat ion of posi t ive inotropic effects .  

It cannot be concluded f rom the small  dec r ea se  in cont rac t i le  power of the myocard inm observed  in 
these  exper iments  a f te r  r ep lacement  of the lost  blood by dextran that it has a harmful  action on the myo_ 
ca rd ium and weakens cardiac  function appreciably.  This action was observed  only in special exper iments ,  
in which maximal  loads were  applied many t imes  in success ion ,  under  conditions of i somet r i c  contract ion 
disadvantageous for  the hear t .  

Under o rd inary  conditions af te r  rep lacement  of the lost  blood by dext ran  the hear t  could cope fully 
with the load and respond with an inc reased  minute volume. Under these conditions the work of the hea r t  
was facil i tated by a cons iderable  d e c r e a s e  in the r e s i s t ance  of the per iphera l  vesse l s .  

At the same t ime  it must  be r e m e m b e r e d  that hea r t  fa i lure  a f te r  t ransfus ion of large  doses  of blood 
substi tutes can a r i s e  if additional increased  demands a re  p resen ted  to the hear t  muscle  or  if it  is damaged 
by pathological p roces se s .  
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