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A pathogenetic factor aggravating the long-term crush syndrome (LTCS) is the toxic fac- 
tor, which is particularly dangerous after release of the limb from compression as a result 
of the inflow of tissue poisons into the blood stream [3], The first organ to react is the 
liver, on which falls the main load of detoxification of toxic substances entering the body 
after release of the limb from compression. Of the toxic products the most important are 
considered to be myoglobi~, free hemoglobin, and potassium [i, 2, 4, 5, 9, I0]. 

The object of this investigation was to use the hemoperfusion method in the acute stage 
of LTCS to remove toxic substances from the blood. 

EXPERIMENTAL METHOD 

Experiments were carried out on 30 adult dogs weighing 13.5-25 kg. Mechanical trauma 
to the soft tissues of the thigh was caused by crushing it with a special press with a force 
of 7-8 kgf/cm = for 6 h, At the beginning of the experiment the dogs were anesthetized with 
hexobarbital. In i0 cases hemoperfusion using charcoal adsorbents (IGI type) was carried out 
2 h after decompression with the aim of removing myoglobin, potassium, and other possible 
toxins from the blood. The biochemical and hematological tests were carried out before crush- 
ing and 30 min and i, 2, 3, and 6 h after decompression, and again after 1 and 3-4 days and 
i, 2, 3, and 4 weeks of the period of observation. In animals treated by hemoperfusion, blood 
samples were taken before and 2 h after compression, and again 15, 30, and 60 min after the 
beginning of hemoperfusion. The tests were repeated 1 h, 1 day, and 3~4 days after hemoper- 
fusion. The concentrations of myoglobin, free hemoglobin, total protein, and creatinine, 
creatine phosphokinase activity, concentrations of potassium, magnesium, and phosphorus, leu~ 
kocyte and erythrocyte counts, hematocrit index, and hemoglobin concentration were determined 
in the blood. 

EXPERIMENTAL RESULTS 

The state of areactivity of the animals 1 h after removal of the press was particularly 
marked. The pulse and respiration rates were sharply increased. After decompression, the 
thigh of the crushed limb appeared flattened, unusually pale, and cold to the touch. Sensa- 
tion in the limb was virtually absent. Pulsation in the femoral artery reappeared after 3-5 
min. The limb gradually became warm to the touch and increased quickly in volume on account 
of developing edema. 

During long-term crushing of the soft tissues of the limb reactive changes were most 
marked in the early period after removal of the press and restoration of the blood flow in 
the limb. Table 1 shows a sharp rise in the myoglobin level in the blood from the first min- 
utes after decompression, t6 peak values 6 h after crushing, After 1 day the myoglobin level 
in the surviving dogs was sharply reduced, although it continued to remain higher than normal. 
The highest potassium level was reached 2 h after removal of the press, when it was increased 
by 1.33 times on average (P < 0.01). Hyperkaliemia continued even after 1 month of observa- 
tion. Table I also shows that the animals had slight hyperproteinemia. The intensity of 
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Fig .  1. Changes in  hemolys i s  (2) and i n  b lood magnesium (1 ) ,  
po tass ium (3 ) ,  and myoglobin (4) c o n c e n t r a t i o n s  dur ing  hemo- 
p e r f u s i o n  a f t e r  decompress ion .  A b s c i s s a ,  t ime a f t e r  decompres-  
s i on ;  o r d i n a t e ,  c o n c e n t r a t i o n s  o f :  a) magnesium ( i n  mM), b) 
myoglobin ( in  g / l i t e r ) ,  c) po ta s s ium ( in  raM); d) hemolys i s  ( i n  
mg %). 

hemolys i s ,  3 h a f t e r  decompress ion  was i n c r e a s e d  about  s e v e n f o l d .  The magnesium, phosphorus 
and c r e a t i n i n e  c o n c e n t r a t i o n s  and c r e a t i n e  phosphokinase  a c t i v i t y  were s h a r p l y  i n c r e a s e d .  

In the  a c u t e  s t a g e  o f  the  LTCS h e m o c o n c e n t r a t i o n ,  e r y t h r o c y t o s i s ,  and p l e i o c h r o m i a  d e v e l -  
oped. An i n c r e a s e  a l so  was obse rved  i n  the  e r y t h r o c y t e  volume,  on ave rage  by 14% (P < 0 .05 ) .  
By the  end of  the  second hour  of  decompress ion  the  mean h e m a t o c r i t  index  was i n c r e a s e d  from 
43.0 • 1 .8  to  59.0 2 2.3 v o l s .  % (P < 0 .001) .  The e r y t h r o c y t e / p l a s m a  c e l l r a t i o w a s  i n c r e a s e d  
from 0.75 to 1.44 (P < 0 . 0 5 ) ,  ev idence  of h e m o c o n c e n t r a t i o n s .  L e u k o c y t o s i s ,  due to  r e d i s t r i ~  
b u t i o n  of the  l i q u i d  p a r t  of  the  b lood and a l s o  to r e l e a s e  of  n e u t r o p h i l s  from the  bone mar -  
row [6,  7] ,  was p r e s e n t  in  a l l  an ima l s ,  By the  end of  the  f i r s t  day h e m o c o n c e n t r a t i o n  was 
reduced  and a t endency  toward n o r m a l i z a t i o n  o f  the  e r y t h r o c y t e  compos i t i on  of  the  b lood  ap -  
pea r e d .  The l e u k o c y t e  count  remained h igh  t h roughou t  the  s o - c a l l e d  i n t e r m e d i a t e  p e r i o d ,  
cove r ing  the  f i r s t  few days a f t e r  t rauma. 

The c h a r a c t e r  and degree  of  the  b i o c h e m i c a l  and h e m a t o l o g i c a l  changes thus demons t r a t e  
the  s e v e r i t y  of  the  a n i m a l ' s  c o n d i t i o n  as a r e s u l t  of  LTCS and the  ensuing  toxemia.  

I t  was i n t e r e s t i n g  to d i s c o v e r  how the  a n i m a l ' s  s t a t e  changes under  the  i n f l u e n c e  of  
hemoper fus ion  f o r  LTCS. When the  op t ima l  t ime was chosen f o r  hemoper fus ion ,  the  d e c i s i o n  
made was 2 h,  when the  b lood  myoglobin and po tass ium c o n c e n t r a t i o n s  r eached  dangerous  v a l u e s  
t h r e a t e n i n g  l i f e .  The myoglobin l e v e l  30 min a f t e r  the  beg inn ing  o f  hemoper fus ion  wi th  
c h a r c o a l  a b s o r b e n t s  was found to  be reduced  by 75% (P < 0 .001;  F ig .  l ) .  The f r e e  hemoglobin 
c o n c e n t r a t i o n  in  the  b lood  plasma a l s o  was reduced .  

A sharp  f a l l  i n  the  po ta s s ium 1eve1 and a smal l  but  no t  s i g n i f i c a n t  f a l l  i n  the  c r e a t i -  
n ine  c o n c e n t r a t i o n  in  the  b lood  were obse rved .  Hypopro te inemia ,  hypomagnesemia, and a f a l l  
o f  c r e a t i n e  phosphokinase  a c t i v i t y  a l so  were o b s e r v e d ,  However, 1 h a f t e r  the  beg inn ing  of 
hemoper fus ion  and, i n  p a r t i c u l a r ,  1 h a f t e r  i t s  end, the  myoglobin and po ta s s ium c o n c e n t r a -  
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tions rose again on account of saturation of the adsorbent. The total protein and free he- 
moglobin concentrations in the plasma became stabilized after 24 h but concentrations of myo- 
globin and potassium and creatine phosphokinase activity continued to remain at an extremely 
high level. This is evidence that a single hemoperfusion procedure improves the biochemical 
parameters only temporarily and incompletely. 

Attention was concentrated in particular in this investigation on the dynamics of myo- 
globin and potassium ions, the level of which rose sharply after decompression (Table i). 
Hypermyoglobinemia is the cause of development of acute renal failure in these patients as 
a result of mechanical obstruction to the convoluted tubules of the kidneys, but the high 
potassium ion concentration in the plasma may have a toxic action on heart muscle, leading 
to the development of paroxysmal tachycardia. After a single hemoperfusion procedure, the 
level of these parameters was found to be considerably reduced. 

Table 2 shows that hemoperfusion caused no fundamental changes to the dynamics of the 
red blood picture during crushing. The erythrocyte count, hemoglobin concentration, and 
hematocrit index remained high throughout the period of hemoperfusion. The leukocyte count, 
on the other hand, fell (on average by 70%; P < 0.01) which reflected the general pattern of 
the trend of the leukocyte count during hemoperfusion. The writers showed previously that 
leukopenia develops during hemoperfusion not as a result of increased destruction of leuko- 
cytes, but as a result of emergency sequestration and storage of white blood cells, which 
has a preventive and protective role [8]. 

As a result of prolonged crushing of the soft tissues in dogs, asymptom complex of dis- 
turbances characteristic for LTCS was discovered: shock-like disorders in the acute stage 
of trauma, characteristic changes affecting the injured limb, and also a number of hem, bio- 
chemical and hem.morphological changes: hypermyoglobinemia, hyperkaliemia, hypermagnesemia, 
hyperproteinemia, and also hem.concentration, leading to erythrocytosis, pleiochromia, leu- 
kocytosis, and a high plasma level of free hemoglobin. At the beginning of hemoperfusion 
with charcoal adsorbents the concentrations of myoglobin, potassium, and magnesium in the 
blood fell regularly. In the writers' view, these findings may be highly relevant to defini- 
tive treatment and emergency aid for the victims of crushing injuries. 
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