
PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 

S O M E  P A T H O P H Y S I O L O G I C A L  C H A N G E S  I N  T H E  

A C U T E  P E R I O D  O F  T H E  P R O L O N G E D  C R U S H  

S Y N D R O M E  O F  T H E  L I M B S  

V.  V .  K r a v t s o v  a n d  E .  D.  Z h u r a v l e v a  UDC 617.57/.58-001.32-092 

Exper imen t s  on an ima l s  showed that  in the acute per iod of the c ru sh  syndrome of the l imbs  
two phases  can be dist inguished:  1) a phase  of a t r ans ien t  i nc rea se  in exci tabi l i ty  of the 
v a s o m o t o r  cen te r ,  e levat ion of the blood p r e s s u r e  and di latat ion of the blood v e s s e l s  of the 
head; 2) a phase  of gradual  o r  ca tas t roph ic  d e c r e a s e  in all  indices studied. 

Changes in p ro te in  me tabo l i sm,  the pe r iphe ra l  blood, and hematopo ies i s  in the c o m p r e s s i o n  phase  of 
the c rush  syndrome have been invest igated sporad ica l ly  [7-9]. 

The object  of the invest igat ion desc r ibed  below was to study changes in the genera l  hemodynamics ,  
the functional s tate  of the v a s o m o t o r  cen te r ,  the c e r e b r a l  c i rcula t ion,  and some pe r iphe ra l  blood indices 
in the acute per iod  of the prolonged c rush  syndrome of the l imbs .  

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

The expe r imen t s  were  c a r r i e d  out on 36 adult unanesthet ized dogs of both sexes  weighing 6.5-21.5 kg 
and on 33 rabb i t s  weighing 3.5-4 kg. 

F o r  the f i r s t  1-3 weeks  the an imals  were  accus tomed  to the exper imen ta l  si tuation.  The following 
p a r a m e t e r s  were  moni tored  during this per iod:  r e sp i r a t ion ,  blood p r e s s u r e  in the caudal a r t e r y  by methods 
suggested by the w r i t e r s  [2, 3], p e r i p h e r a l  blood count, body and skin t e m p e r a t u r e .  The dogs were  then 
p r e p a r e d  for  the main exper imen t :  under  local  anes thes ia  (0.5% proca ine  solution) the common carot id  or  
f emora l  a r t e r y  and vein were  d i ssec ted .  The two ends of the carot id  a r t e r y  were  connected to the sy s t em 
of a type ]~MG two-channel  e l ec t r i ca l  m a n o m e t e r  fi l led with hepar in  solution (1 : 3) and r eco rd ings  were  ob-  
tained of the a r t e r i a l  p r e s s u r e ,  r e sp i r a t ion ,  and ECG (lead II). 

The exci tabi l i ty  of the v a s o m o t o r  cen te r  was a s s e s s e d  by the r e sponse  to e lec t r i ca l  s t imulat ion of 
the f emora l  ne rve  at threshold  s t rength and at different  f requenc ies  (10, 20, and 40 Hz) and to in t ravenous  
injection of lobeline (0.015 m g / k g ,  1 : 500 solution). The ve loc i ty  of the blood flow was  de te rmined  by the 
lobeline method.  The v a s c u l a r  tone of the c i r c l e  of Willis was  studied by Hur th l e ' s  method [10] modif ied 
by Avro rov  [1]. Af te r  the indices had been r eco rded  in the initial s ta te  (5-6 r ecord ings  for  20-30 min) one 
of the hind l imbs  was c rushed  with a p r e s s  fo r  4 h with a load of 1000 kg. The indices  were  r eco rde d  at 
the momen t  of c rushing  and then continuously for  10-20 min; l a t e r  r e c o r d s  were  obtained eve ry  15 min in 
the compres s ion  per iod  and for  2-4 h a f te r  r emova l  of the p r e s s .  The pe r iphe ra l  blood was tes ted  in the 
usual  way e v e r y  hour  a f t e r  appl icat ion and r emova l  of the p r e s s .  

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

Crushing was accompanied  by marked  excitat ion of the an imals  and an a t tempt  to f r ee  t h e m s e l v e s  
f r o m  the p r e s s .  The rapid  mo to r  r e sponse  in the dogs was accompanied  by howling and yelping, and s o m e -  
t imes  by involuntary mic tur i t ion  and defecat ion.  The signs of exci tat ion gradual ly  subsided,  and a f t e r  1-2 h 
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most  of the dogs exhibited a weak defensive react ion;  some gave no such response ,  but in others  there was 
a p rogress ive ly  increasing general  inhibition and no response was given to external stimuli 30-45 rain 
after  application of the p re s s .  

In the initial state (before crushing) the mean p res su re  in the central  end of the carot id a r t e ry  was 
143 4- 2.4 mm, and in the per iphera l  end it was 98 -~ 3.9 mm.  The rat io  between the p res su re  in the per iph-  
eral  (Ml) and central  (M) ends of the carot id a r t e ry  (Mt/M) var ied  in the initial state f rom 0.60 to 0.78 
(mean 0.66 ~- 0.25), in agreement  with resul ts  published by other  workers  [1, 4, 5]. 

At the moment  of crushing the a r te r ia l  p re s su re  in the central  end of the carot id a r t e r y  in all ex-  
per iments  was increased to a mean value of 200 ~- 4.7 mm (P < 0.1), a s tat is t ical ly significant change when 
analyzed by P e t e r s '  method [6]. The p r e s s u r e  in the vesse l s  of the c i rc le  of Willis at this time was in- 
c reased  by 10-19.3% of its initial level, but the difference in p r e s su re  was not s tat is t ical ly significant 
(P = 11%). The ra t io  M1/M was increased in two experiments,  and the p r e s s u r e  rose  sharply (by 42.8- 
72.2% over  its initial level), and this, according to Hurthle et al., is evidence of vasoconst r ic t ion  of the 
c i rc le  of Willis; in the other seven animals the rat io M1/M fell below its initial level (dilatation of the 
cerebra l  vesse ls ) .  

The circulat ion t ime f rom the femoral  vein to the carot id zone was reduced (on the average by 2.7 
sec) in 7 of the 11 dogs 5-10 min after  crushing the limb. In the other  animals it remained at its initial 
level or  fell ve ry  slightly. 

During the f i rs t  10 min after  application of the p re s s ,  e lect r ical  stimulation of the femoral  nerve  and 
injection of lobeline into the femoral  vein evoked a p r e s su re  response  in 8 of the 11 animals ,  which was 
10-15 mm higher than its initial level. The latent period of the response  and the duration of the af tereffect  
of the stimuli also were  reduced.  In the other three dogs no increase  in excitabili ty of the vasomotor  cen-  
t e r  was found and these animals died 60-85 min after  t rauma with signs of a rapidly p rogress ive  hypoten- 
sion. 

During the 30 min to 2 h after  application of the p res s  the sys temic  ar te r ia l  p r e s s u r e  of most  ani-  
mals  fell to its original  level.  Meanwhile the charac te r  of the p r e s s u r e  curve changed. In six dogs, be-  
sides waves of the third o rde r  on the blood p re s su re  curve,  at equal time intervals  (40-50 sec) slow waves 
(4-6/min)  appeared and occupied the period of several  (5 or  6) r e sp i r a to ry  waves (Mayer 's  waves).  It is 
important  to emphasize  that Traube-Her ing  and Mayer ' s  waves appeared when the ar te r ia l  p r e s su re  was 
re la t ively normal  and the state of the hear t  perfec t ly  sa t isfactory.  The appearance of these waves was a 
poor  prognost ic  sign during the acute period of limb crushing (5 of 6 dogs died during the 1.5-2 h after  ap- 
plication of the press) .  

The fall in p r e s su re  in the vesse l s  of the c i rc le  of Willis took place paral lel  to the decrease  in sys -  
temic a r te r ia l  p r e s s u r e ,  but it took place more  rapidly:  the p re s su re  had reached its initial level 10-60 
rain after  application of the p r e s s .  At about the same time the excitabili ty of the vasomotor  center  fell to 
its initial level:  the p r e s s e r  response  to stimulation did not exceed the initial values and showed a tend- 
ency to decrease  fur ther .  The circulat ion t ime also reached its initial level.  

Immedia te ly  af ter  the t ransient  increase  and re turn  to normal  of the indices studied there followed 
a phase of gradual or  catas t rophic  dec rease .  The sudden and considerable fall of blood p r e s s u r e  in the 
central  end of the carot id a r t e r y  was observed in experiments  in which the hypertensive phase in response  
to limb crushing was well marked.  

Despite the decrease  in excitabili ty of the vasomotor  center ,  the law of ~relative strength" applied 
until the sys temic  ar ter ia l  p r e s s u r e  fell to 50-30 ram. Phasic  changes of parabiot ic  inhibition of the vascu-  
l a r  unconditioned ref lexes could then be observed:  in most  animals nei ther  weak nor  s t rong e lect r ical  
stimulation of the femoral  nerve  evoked a response  of the a r te r ia l  p r e s su re  and respi ra t ion.  Besides a de- 
c rease  in the excitabili ty of the vasomotor  center ,  it developed inert ia:  application of the stimuli evoked a 
slow increase  and decrease  of a r te r ia l  p r e s su re .  

Within a few minutes af ter  application of the p re s s  and throughout the res t  of the experiment  the 
per iphera l  blood count showed a considerable increase in the number  of red and white cells  and the hemo-  
globin concentrat ion.  After 1 h the ret ieulocyte count was increased,  e ry throblas ts  appeared,  and catalase 
activity was also increased.  The increase  in the ret iculocyte and ery throblas t  count in the blood and the 
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increase in its eatalase activity indicate that besides redistribution of the blood, stimulation of medullary 
hematopoiesis plays an important role in the changes in composition of the blood. 
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