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Experiments  on 13 adult dogs showedtha t  immediately af ter  t r auma there is a short  period 
of hypervolemia with hypotension, an increase  in the veloci ty of the blood flow, while the 
hematocr i t  index remains normal .  The hypervolemia  is then followed by hypovolemia ac -  
companied by a paral le l  decrease  in the volume of circulat ing p lasma and e ry th rocy tes .  
The development of hypovolemia and the decrease  in the blood flow velocity precede a fall 
of blood p re s su re .  The hypervolemia  is explained by mobilization of the blood rese rves  
(spasm of the Vessels) and the development of hemoditution. The hypovolemia probably 
develops as a result  of pathological retention of the blood (vasodilatation) and the act iva-  
tion of ar ter iovenous shunts. 

Very  little information can be found in the l i terature on changes in the circulat ing blood volume 
(CBV) in the prolonged crush  syndrome of the soft t i ssues  (PCS) [8, 10, 11]. 

This paper  descr ibes  the results  of experiments  to study the CBV and its components,  together with 
other  pa ramete r s  of the circulat ion,  in the dynamics of the acute period of the PCS of the limbs in dogs. 

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

Experiments  were carr ied  out on 13 dogs of both sexes weighing 6-14.6 kg. The CBV was determined 
by Greger sen ' s  method [14] in the modification of Koziner and Rodionov [7]. The investigation of the CBV 
in the intial state was car r ied  out twice or  three t imes  during adaptation of the animals to the experimental  
conditions and once immediately before crushing of the limb, 30 min after  crushing,  and every  hour af ter  
application and removal  of the p ress .  Onehind limb was crushed by a p ress  With a force of 1000 kg �9 wt. 
for 4 h. The blood p res su re  in the femoral  a r t e ry ,  pulse rate ,  velocity of the blood flow,and other pa ramete r s  

:were measured simultaneously.  

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

The initial value of the CBV in the dogs varied f rom 76.9 to 135.6 ml /kg  (mean 93.4 • 2.5 ml/kg),  
the circulating plasma volume (CPV) f rom 43.0 to 60.0 ml /kg  (mean 55.6 • 1.8 ml/kg) ,  the circulat ing e r y -  
throcyte  volume (CEV) f rom 28.5 to 48.5 ml /kg  (mean 37.8 • 1.7 ml/kg);  no difference was found from the 
mean values obtained by other workers  [5, 7] for dogs under normal  conditions. 

Crushing the limb was accompanied by intense excitation of the animals and violent attempts to free 
themselves  f rom the p re s s .  The violent motor  response was accompanied by barking and yelping and some-  
t imes by involuntary micturi t ion and defecation. These manifestations of excitation gradually subsided and 
1-2 h after traUma most  of the dogs exhibited only a weak defensive reaction; a State of general inhibition 
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F i g .  1. Changes  in v o l u m e  of c i r c u l a t i n g  
blood and i ts  c o m p o n e n t s  d u r i n g  d e v e l o p m e n t  
of  the  acu te  s t a g e  of  the p r o l o n g e d  c r u s h  s y n -  
d r o m e  of the l i m b s  in  dogs  (M : e m ) :  1) CBV 
(in m l / k g ) ;  2) a r t e r i a l  p r e s s u r e  (in m m  Hg); 
3) h e m a t o c r i t  i ndex  (in un i t s ) ;  4) CPV (in m l /  

deve loped  p r o g r e s s i v e l y  in s o m e  of  t h e m .  T h e s e  p h e -  

n o m e n a  deve  loped mo re  r ap id  ly  in s o m e  of  the  a n i m a l s ,  
and a f t e r  20-45 ra in  no s i g n s  of  r e s i s t a n c e  w e r e  shown.  

I m m e d i a t e l y  a f t e r  the b e g i n n i n g  of  c r u s h i n g  of  the  
l imb  a s h a r p  r i s e  of a r t e r i a l  p r e s s u r e  wi th  an  i n c r e a s e  
in  a m p l i t u d e  of the p u l s e  w a v e s  w a s  o b s e r v e d  in a l l  a n i -  
m a l s  wi thout  e x c e p t i o n .  T h i s  i n c r e a s e  w a s  s h o r t - l i v e d  
and u n s t a b l e ;  i t  f luc tua ted  o v e r  a wide  r a n g e .  In the  i n i -  
t i a l  s t a t e  the  m e a n  a r t e r i a l  p r e s s u r e  w a s  149.4 �9 1.4 m m  
Hg. I m m e d i a t e l y  a t t e r  a p p l i c a t i o n  of the  p r e s s  i t  r o s e  
on the a v e r a g e  to  199.8 + 5.3 m m  Hg (P < 0.01).  Then  
the a r t e r i a l  p r e s s u r e  cont inued to fa i l  e i t h e r  g r a d u a l l y  
o r  c a t a s t r o p h i c a l l y  q u i c k l y .  The i n i t i a l  i n c r e a s e  in a r -  
t e r i a l  p r e s s u r e  w a s  a c c o m p a n i e d  by  an i n c r e a s e  in  the 
v e l o c i t y  of  the  b lood  flow and v i ce  v e r s a .  H o w e v e r ,  the  
d i s t u r b a n c e  of  the v e l o c i t y  of the blood flow did not d e -  
pend d i r e c t l y  on the leve l  of  the  a r t e r i a l  p r e s s u r e  and i t  
did not  d e t e r m i n e  the  d e g r e e  b y  wh ich  the  p r e s s u r e  w a s  
lowered~  

kg); CEV (in m l / k g ) .  An i n c r e a s e  in CBV w a s  o b s e r v e d  30 min  a f t e r  
a p p l i c a t i o n  of  t he  p r e s s ,  and t h i s  w a s  fol lowed by  a 

m a r k e d  d e c r e a s e  in both CBV and i t s  c o m p o n e n t s .  A f t e r  1 h CBV w a s  r e d u c e d  on the  a v e r a g e  b y  21.7% 
be low the i n i t i a l  l e v e l ,  e x c e p t  in one dog in which  i t  w a s  i n c r e a s e d  by  19.1%. 

The  f a l l  of  CBV con t inued  l a t e r  and i ts  d i f f e r e n c e  f r o m t h e  i n i t i a l  l eve l  was  25.2% a f t e r  2 h,  21.9% 
a f t e r  3 h ,  and 3 5 . 1 ~  a f t e r  4 h ( F i g .  1). The  a r t e r i a l  p r e s s u r e  fe l l  s i m u l t a n e o u s l y  wi th  i t :  the  m a x i m a l  d e -  
c r e a s e  (by 19.7%) was  o b s e r v e d  4 h a f t e r  a p p l i c a t i o n  of  the  p r e s s .  

The  h e m a t o c r i t  index showed no s i g n i f i c a n t  c h a n g e s  t h r o u g h o u t  the p e r i o d  of  c r u s h i n g  and r e m a i n e d  
w i th in  the  o r i g i n a l  l i m i t s .  

A n a l y s i s  of  the  r e s u l t s  showed tha t  in  12 a n i m a l s  h y p o v o l e m i a  w a s  a c c o m p a n i e d  both b y  a d e c r e a s e  
in  the  ce l l  vo lume  and a d e c r e a s e  in the  C P V ,  wi th  a r e l a t i v e l y  n o r m a l  h e m a t o c r i t  i ndex .  A s t a t i s t i c a l l y  
s i g n i f i c a n t  d e c r e a s e  in CBV w a s  a c c o m p a n i e d  b y  v a r i a t i o n s  of  the  a r t e r i a l  p r e s s u r e  w i t h i n  the  o r i g i n a l  
l i m i t s  and a d e c r e a s e  in the  v e l o c i t y  of  the b lood flow by 1 .5-2  t i m e s .  

In one e x p e r i m e n t  h y p e r v o l e m i a  on accoun t  of  an i n c r e a s e  in the  ce l l  v o l u m e  but a r e l a t i v e l y  n o r m a l  
C F V  was  o b s e r v e d  fo r  3 h a f t e r  a p p l i c a t i o n  of the  p r e s s .  

A f t e r  r e m o v a l  of  the  p r e s s  the  a r t e r i a l  p r e s s u r e ,  v e l o c i t y  of  the  blood f low,  and Ct3V cont inued  to 
f a l l .  The  CBV de f i c i t  1 h a f t e r  r e m o v a l  of  the  p r e s s  was  32.6 m l / k g  whi le  at  the  s a m e  t i m e  CPV w a s  r e -  
duced  by  41.6% and CEV by  35.8% be low the  i n i t i a l  l eve l  (P < 0.01).  The  a r t e r i a l  p r e s s u r e  fe l l  b y  th i s  
t i m e  to 105.6 �9 0.7 m m  Hg,  and the  v e l o c i t y  of  the  b lood  flow w a s  m o r e  t han  h a l v e d .  A s i m i l a r  p i c t u r e  o f  
change  in  t he  h e m o d y n a m i c  p a r a m e t e r s  w a s  o b s e r v e d  2 and 3 h a f t e r  r e m o v a l  of the  p r e s s .  Nine of  the  13 
a n i m a l s  (69.2%) had  d ied  4 h a f t e r  i t s  r e m o v a l  and two dogs  w e r e  in a p r e a g o n a l  s t a t e  and d ied  10 h a f t e r  
t r a u m a  wh i l e  a n o t h e r  two,  wi th  a r e l a t i v e l y  n o r m a l  a r t e r i a l  p r e s s u r e  and a d e c r e a s e  in CBV (to 42.5 and 
48.2 ml /kg )  and wi th  a r e d u c e d  h e m a t o c r i t  index (by 8.3 and 7.5 un i t s ) ,  d ied t o w a r d  the end of  the  f i r s t  
d a y  a f t e r  t r a u m a .  

E x a m i n a t i o n  of the changes  in the  h e m o d y n a m i c  p a r a m e t e r s  c l e a r l y  r e v e a l e d  a d i r e c t  r e l a t i o n s h i p  
b e t w e e n  the c h a n g e s  in CBV,  a r t e r i a l  p r e s s u r e ,  v e l o c i t y  of the blood flow, and the  s e v e r i t y  of  the  a n i m a l s '  
g e n e r a l  cond i t i on .  A d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e s e  p a r a m e t e r s  has  of ten b e e n  d e s c r i b e d  [5, 12, 15] a l -  
though s o m e  i n v e s t i g a t o r s  [3, 4] deny  i t .  The  r e s u l t s  of the  p r e s e n t  e x p e r i m e n t s  c o n f i r m  a d i r e c t  r e l a t i o n -  
sh ip  not  on ly  b e t w e e n  CBV, the a r t e r i a l  p r e s s u r e ,  and the  s e v e r i t y  of  the  shock  but  a l s o  b e t w e e n  C]3V, the  
v e l o c i t y  o f  the  b lood  f low,  and the p u l s e  r a t e :  wi th  a d e c r e a s e  in CBV the  p u l s e  r a t e  i n v a r i a b y  r i s e s ,  i 

The  i n v e s t i g a t i o n  o f  CBV and the o t h e r  h e m o d y n a m i c  p a r a m e t e r s  at f r equen t  i n t e r v a l s  of t i m e  r e -  
vea l ed  a s h o r t  p h a s e  d u r i n g  the  changes  in C]3V in the acu te  s t a g e  of the PCS when  h y p e r v o l e m i a  was  a c -  
c o m p a n i e d  b y  an  i n c r e a s e  in  CEV and C P V ,  and i n c r e a s e  in the  a r t e r i a l  p r e s s u r e  and an  i n c r e a s e  in  the  
v e l o c i t y  o f  the  b lood f low,  fo l lowed i m m e d i a t e l y  by  m a r k e d  and p r o l o n g e d  h y p o v o l e m i a .  The  h y p e r v o l e m i a  

1399 



was based on a reflex mechanism aimed at mobilizing the blood r e se rves  (spasm of the vessels)  and the 
department of hemodilution [2, 6], leading to an improvement  in the blood supply to the brain,  the hear t  
muscle ,  and the other internal organs,  

Later ,  with the development of the torpid phase of shock f rom compress ion  pathological retention of 
blood took place,  and the neurogenic spasm of the vesse ls  was replaced by dilatation. An important  role in 
this process  was played by the skeletal  muscles ,  skin, and some internal organs [4, 5, 12], in which di la-  
tation of the capil laries led to slowing of the blood flow and to the development of s tas i s ,  with a change in 
the direct ion of the blood flow in the capi l lar ies .  At this time the many ar ter iovenous shunts in the in tes-  
tine and skeletal muscles  and also, to a l e s se r  degree,  in the b ra in , l i ve r ,  and myoeardium [9], began to 
function. With deepening of the torpid phase of shock the volume of blood in the spleen, l iver,  and lungs 
and, in par t icu lar ,  in the blood vesse ls  of the muscles  increased.  These s t ruc tures  are  the main pathologi-  
cal blood depots in second to third degree shock [5]~ All these changes lead to a gradual or  rapid decrease  
in the mass of blood in active circulat ion,  with a consequent decrease  in the re turn of venous blood to the 
hear t  and a decrease  in the stroke volume of the hear t  [16] with the development of c i rcu la tory  hypoxia [1]. 

In the later  period of PCS, because of the pathological blood retention, the slowing of the blood flow, 
and the s tasis  in the capil lar ies  and small  veins the permeabi l i ty  of these vesse ls  increased sharply.  This 
phenomenon is regarded as being of paramount  importance in the mechanism of development of shock by 
some authorit ies [1, 13]. 

The second, m o r e  prolonged period of PCS is thus charac ter ized  by the development of hypovolemia 
and hypotension, by a decrease  in the velocity of the blood flow and, judging f rom data in the l i terature ,  by 
hypoxia. The changes observed at this stage of PCS of the limbs are decisive,  and they determine the sub- 
sequent course of the t raumat ic  shock. 

The nervous sys tem has some influence and some part  to play during this period of t rauma,  but its 
relative importance is considerably reduced, if only by the fact that much of it is affected by profound in-  
hibition which, at this stage of development of t raumat ic  shock, plays a negative role.  
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