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Changes in the pa ramete r s  of the hem.dynamics  and gas exchange during an art if icial  in-  
c rease  in the c i rculat ing blood volume produced by intravenous injection of dextran (2% of 
the body weight) were studied in experiments  on rabbits with lethal burn shock. Depending 
on the changes in the pa ramete r s  studied following injection of dextran the burned animals 
can be divided into three groups:  in group 1 the decrease  in the minute volume of thehea r t  
was due ma in ly to  cardiac  fai lure,  in group 2 to a lowering of the tone of the low p res su re  
sys t em,  and in group 3 to a combination of both fac tors .  

KEY WORDS: burn shock; hem.dynamics ;  gas exchange; response of the card iovascular  
sys t em to volume loading. 

A charac te r i s t i c  feature of burn shock is the sharp decrease  in the minute volume of the hear t  (MVH) 
[1, 3-8,  10, 11, 13, 14]. This decrease  may be caused by a dec rease  in the c i rculat ing blood volume (CBV), 
regarded by suppor ters  of the p lasma loss theory [9, 10, 12, 14] as the cause of burn shock. However,  ac -  
cording to other observat ions ,  the sharp decrease  in MVH occurs  before the decrease  in CBV [6-8]. Some 
workers  [4, 7] consider  that the cause of the sharp dec rease  in MVH is cardiac  failure developing in r e -  
sponse to burn t rauma.  Others [11, 13] see the cause of the decrease  in MVH in the sharp increase  in 
per iphera l  res i s tance  accompanied by a decrease  in the effective CBV. 

The role of the dec rease  in CBV in the dis turbances of the hem.dynamics  and gas exchange in burn 
shock was studied in response to an art i f icial  increase in CBV. 

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

Experiments  were car r ied  out on 70 rabbits anesthetized with urethane (1 g/kg).  The control  group 
consisted of 37 animals .  In 33 animals a burn cover ing 30% of the body surface was inflicted [3]. To in- 
c r ease  the CBV, dextran (6% solution) was injected into the femoral  vein of the animals in a dose of 2~c of 
the body weight at the rate of 5 ml /mi  n. Dextran was injected into the burned animals 15-30 min af ter  
burning. The MVH was determined by the thermal dilution method. The central  blood volume (CV) also 
was calculated f rom the thermal  dilution curve.  The circulat ing plasma volume (CPV) was found by the 
dye dilution method, using Evans '  Blue. The hematocr i t  number (HN) in a r t e r i a l  blood was determined 
with the aid of a sp i ra l  centrifuge. 

The CBV was calculated.  The hemoglobin concentrat ion in the a r te r ia l  blood was determined by a 
pho toe lec t r i c -co lor imet r ic  method. The ar te r ia l  p re s su re  (AP) in the femoral  a r t e ry  was recorded by 
means of an e lec t romanomete r .  The central  venous p re s su re  (CVP) was measured in the r ight  a t r ium by 
means of a water  manometer .  The systol ic  volume (SV) of the hear t  and the per ipheral  vascular  r e s i s -  
tance (R) were calculated.  The oxygen consumption (pO 2) was tested continuously by means of ac losed 
sy s t em with CO 2 absorption and automatic 02 supply. The minute volume of respira t ion (MVR) was de-  
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t e r m i n e d  by m e a n s  of  a gas  m e t e r .  Al l  these  m e a -  
s u r e m e n t s  w e r e  made  s i m u l t a n e o u s l y  in 11 c o n -  
trol  and 15 burned an imals~  

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

The r e s u l t s  of  the study of  the var ious  p a r a m -  
e t e r s  a f ter  a d m i n i s t r a t i o n  of  dextran are  g iven  in 
Table  1o In the contro l  rabbi t s  the i n c r e a s e  in 
CPV and CBV caused  by in jec t ion  of  dex tran  c o n -  
tinued for  3 h.  The HN and h e m o g l o b i n  v a l u e s  
w e r e  c o r r e s p o n d i n g l y  be low n o r m a l  for the s a m e  
p e r i o d .  CV and MVH r o s e  but re turned to n o r m a l  
a f ter  3 h.  AP r e m a i n e d  c l o s e  t o  n o r m a l  through-  
out  the per iod of o b s e r v a t i o n .  R at f i r s t  f e l l ,  but 
returned to n o r m a l  a f t er  2 h.  CVP w a s  i n c r e a s e d  
by 34 =~ 3 m m  w a t e r  and returned to i ts  ini t ia l  
l e v e l  on the a v e r a g e  2 h a f t er  the in jec t ion  of  d e x -  
tran.  pO x and MVR w e r e  v i r tua l ly  unchanged.  
Af ter  fa l l ing  s h a r p l y  a f t er  burning ,  the MVH r o s e  
at f i r s t  a p p r o x i m a t e l y  to i ts  in i t ia l  l e v e l  under  the 
inf luence  of  dextran  a d m i n i s t r a t i o n ,  but it  w a s  r e -  
duced again a f ter  30 mino The o ther  p a r a m e t e r s  
changed in the s a m e  w a y .  

An adequate  a n a l y s i s  of  the r e s u l t s  is  p o s s i -  
b l e  only  if a l l owance  i s  made  for  the fac t  that the 
r e s p o n s e  of  the CVP to dex tran  injec t ion  di f fered 
in p r i n c i p l e  in the d i f f e r e n t  a n i m a l s  wi th  burns  [2]~ 
The m e a n  va lues  of  the p a r a m e t e r s  studied in the 
burned rabbits  are  t h e r e f o r e  g iven in Table  2 
combined  into three  groups  depending on the c h a r -  
a c t e r  of  the change in the CVP under the inf luence  
of  d e x t r a n  ( a  s h a r p  r i s e  i n  C V P  i n  g r o u p  1 ,  n o  

r i s e  in CVP in group 2, and i n c r e a s e  in CVP s i m i -  
l a r  to the contro l  in group 3).  

As Table  2 s h o w s ,  a sharp d e c r e a s e  in MVH 
during  the f i r s t  few minute s  a f t er  burn t rauma 
w a s  c h a r a c t e r i s t i c  of  the a n i m a l s  of  al l  three  
groups  b e f o r e  the in jec t ion  of  dex tran ,  but the fal l  
w a s  s h a r p e s t  in the rabbits  of  group 1, de sp i t e  
the fact  that the ir  CBV di f fered  only  a l i t t l e  f r o m  
n o r m a l .  Inject ion  of  dextran  into these  rabbits  led 
to a sharp i n c r e a s e  in CVP (by 90 m m  w a t e r  or  
m o r e ) ,  but although MVH r o s e  s l i g h t l y  i t  s t i l l  r e -  
mained far be low i t s  in i t ia l  l e v e l .  T h e r e  w a s  no 
c o r r e s p o n d i n g  fa i l  in R .  The CBV returned to 
n o r m a l  a f t er  the in jec t ion  of  dex tran .  Two of  the 
f ive  rabbits  in this  group died a few minutes  a f t er  
the in jec t ion  of dex tran .  T h e s e  f indings are  e v i -  
dence  that the main  c a u s e  of  the d e c r e a s e  in MVH 
in the a n i m a l s  o f  this group is  c a r d i a c  fa i lure  d e -  
v e l o p i n g  a f t er  burn t rauma.  Inject ion  of  dextran  
not  only  did not abo l i sh  this  under ly ing  c a u s e  of  the 
d e c r e a s e  in MVH but,  on the c o n t r a r y ,  it  a g g r a -  
vated the h e a r t  f a i l u r e .  
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In the rabbits of group 2, in which the CVP did not r ise  in response to injection of dextran because 
of a decrease  in venous tone, the grea tes t  decrease  in CBV after  burning was observed.  The main cause 
of the decrease  in MVH in these animals was thus a decrease  in the venous return~ Injection of dextran 
abolished this cause for some time, and as a resul t  the MVH rose to 33% above normal immediately af ter  
the injection of dextran~ However, MVH began to decrease  10 min later  despite the fact that the CBV 1 h 
after  the injection of dextran was still prac t ica l ly  equal to normal .  This is in good agreement  with the 
view that the decrease  in MVH is connected with a decrease  in the tone of the low p res su re  sys tem.  

In the animals of group 3 in which the increase  in CVP after  injection of dextran was s imi lar  to the 
control ,  injection of dextran caused neither hear t  failure nor a decrease  in venous tone~ In this group 
also the decrease  in MVH after burning was less sharp,  and the duration of its increase after  the injection 
of dextran was more  prolonged. In the animals of this group the decrease  in MVH was possibly due both 
to a decrease  in the venous re turn  and to hear t  fai lure.  

After burning pO 2 fell paral lel  with MVH. After the injection of dextran pO 2 rose a lmost  to normal 
values in groups 2 and 3, in which MVH rose  above the normal level; in group 1, in which MVH still r e -  
mained much below normal  even af ter  the injection of dextran,  pO 2 continued to decrease .  This suggests 
that the decrease  in pO 2 in burn shock was due to a decrease  in MVH. 

It can be concluded f rom these results  that the cause of the decrease  in MVH in burn shock var ies .  
MVH may decrease  as a resul t  both of a decrease  in the venous return and of cardiac failure.  The r e l a -  
tive importance of  these two factors  can be revealed by a rapid art if icial  increase in CBV. 
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