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Exper imen t s  on 80 r abb i t s  showed that inclusion of p rev ious ly  i schemized  l imbs in the c i r cu l a -  
tion is accompanied  by an i nc rea se  in the clott ing potential  of the blood and by inhibition of 
f ib r ino lys i s  in the ea r ly  s tages  af ter  r emova l  of the tourniquets ,  followed by hypocoagulation 
and act ivat ion of f ibr inolys is .  These  changes depend on the duration and m a s s  of the prev ious ly  
i schemized  t i s sues .  The authors  consider  that these  d is turbances  in tourniquet shock lead 
e i ther  to the r i s k  of in t r avascu la r  th rombos i s  or  to hypocoagulation followed by secondary  
f ib r ino lys i s .  

KEY WORDS: i schemia ;  tourniquet  shock; coagulation; f ibr inolys is ;  blood clotting sys tem.  

Tourniquet  shock is  a se r ious  pathological  condition which frequently causes  death of pat ients .  The 
s eve r i t y  of i t s  course  is d i rec t ly  dependent on the duration of i s chemia  and the m a s s  of i s chemized  t issue.  
Tourniquet  shock, like other f o r m s  of shock, is  based on d is turbances  of the mic roc i r cu la t ion  that a r e  c losely  
linked with changes in the s ta te  of the blood clotting s y s t e m  and f ibr inolys is  [12, 14]. The ro le  of d is turbance 
of the s ta te  of these s y s t e m s  in the development  of tourniquet  shock has not been adequately studied, and data 
on the p rob l em a r e  cont rad ic tory  [1, 5, 8]. 

The object  of this invest igat ion was to study the s ta te  of the clott ing and anticlott ing s y s t e m s  of the blood 
in the ea r ly  per iod of tourniquet  shock and i ts  dependence on the duration of previous  i s chemia  and the m a s s  
of i s chemized  t i ssue .  

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

Exper imen t s  were  c a r r i e d  out on 80 rabb i t s  weighing 2.5-3 kg. Tourniquets  we re  applied to the l imbs 
30 rain af ter  subcutaneous injection of morphine  hydrochlor ide  (0.3 ml  of the 1% solut ion/kg body weight).  The 
degree  of i s c h e m i a  was moni tored by de te rmin ing  the e l ec t r i ca l  exci tabi l i ty of the musc le s .  Blood was  taken 
in al l  expe r imen t s  f rom the marg ina l  vein of the ea r  before and 1, 2, 3, and 5 h a f t e r  r e m o v a l  of the tourn i -  
quets.  To study the effect  of the duration of p rev ious  i s chemia  on the s ta te  of the s y s t e m s  to be tes ted  th ree  
s e r i e s  of expe r imen t s  were  c a r r i e d  out in which tourniquets  we re  applied to the f o r e -  and hindlimbs on one 
side for  per iods  of 1, 6, and 9 h. To de te rmine  the effect  of the m a s s  of i s chemized  t i ssue ,  two s e r i e s  of 
e x p e r i m e n t s  were  c a r r i e d  out in which tourniquets  we re  applied to one hind l imb or to the f o r e -  and hindlimbs 
on one side for  identical  per iods  of i schemia ,  namely  6 h. Three  s e r i e s  of expe r imen t s  acted as controls :  
1) in tact  an imals ,  2) an imals  with tourniquets  applied to the f o r e -  and hindlimbs on one side for  6 h and not 
subsequently r emoved ,  3) an imals  with tourniquets  applied to the f o r e -  and h ind l imbs  on one side for  6 h but 
with p r e se rva t i on  of the blood flow along the main  trunk v e s s e l s  (the tourniquets  we re  applied beneath p r e -  
v ious ly  ex te r io r i zed  vascu la r  bundles). The clott ing and anticlott ing s y s t e m s  of the blood were  studied in r e l a -  
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Fig. 1. t schemia  of two limbs for i h, after removal  of tourn- 
iquets. Here and in Figs. 2 and 3: 1) blood clotting time; 2) 
plasma heparin tolerance; 3) prothrombin activity; 4) fibrinogen 
concentration; 5) f ibrinase activity; 6) time for lysis  of clot 
of euglobulin fraction of plasma. Absc issa ,  time after removal  
of tourniquet (in h); ordinate, value of indices of clotting and 
anticlotting sys tems  of blood (in 70 of control  taken as 10070). 
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Ischemia of two limbs for 6 h, after removal  of tourniquets.  

tion to the fol lowing indices:  the blood clotting time (by means of the N-333 coagulograph), the plasma reca l -  
cffication time (Bergerhof and Roka), the plasma heparin tolerance (Sigg), the free heparin time (Sirmai), 
prothrombin activity (Quick's method in Kudryashov's modification), the fibrinogen concen~at ion  (Rutberg), 
the degree of pathological  fibrinogen B (Cammine and Lyons), f ibrinase activity (Sigg and Duckert's method in 
the modification of Baluda, Zhukova, and Rukozenkova), the degree of the thrombotest  (Ita's method in Kotov- 
shchikova's modification),  and fibrinolytic activity (Kowalski, Kopek, and Niewierowski).  

The resul ts  were subjected to stat ist ical  analysis  [13]. 

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

In control  experiments  the blood clotting sys tem of the intact animals after repeated sampling underwent 
changes in the direction of hypercoagulation, but the changes were not stat ist ical ly  significant. After i schemia 
of two limbs for 6 h without subsequent removal  of the tourniquets,  the hypercoagulation trend became more 
distinct in character.  For instance,  the fourth blood sample showed significant differences from the resul t s  of 
the previous s er i e s  of experiments  with respect  to the following parameters:  plasma recalcif icat ion time 
(P < 0.01),  f ibrinogen concentration (P < 0.05), degree of pathological fibrinogen B (P < 0.001), and fibrinase 
activity (P< 0.05). 
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Ischemia of two limbs for 9 h, after r e -  
moval of tourniquets. 

In the ser ies  of experiments  in which the blood flow was maintained along the trunk vesse l s  a tendency 
toward hypercoagulation also was observed,  and it was most  marked 5 h after removal  of the tourniquets. The 
blood clotting time was reduced by 11.7% (P< 0.05) and the plasma recalcif icat ion time by 15.3% (P< 0.02). 
Prothrombin activity was increased by 17.5% (P< 0.01) and f ibrinase activity by 49.5% (P< 0.01). The degree 
of the thrombotest  was noticably increased,  but the changes were within the limits of physiological variation. 
Fibrinolysis  was activated by 11.8% (P< 0.01). 

After i schemia  of two limbs for 1 h the changes in the blood sys tems were small  and consisted of a 
reduction of the free heparin t ime by 10.3% by the second hour and a small  increase  in the degree of pathologi- 
cal fibrinogen B (Fig. 1). 

Marked changes took place in the blood clotting and fibrinolysis  sys tems after i schemia  of two limbs 
for 6 h, and the changes were phasic in charac te r  (Fig. 2). A state of hypercoagulation was observed as ear ly  
as 1 h after removal  of the tourniquets,  and it reached a maximum by the third hour. Fibrinolytic activity 
was sharply inhibited at the same time. 

However, 5 h after removal  of the tourniquets the coagulation potential was reduced,  and this was r e -  
flected in an inc rease  in the blood clotting time, and the re turn  of the prothrombin index, plasma reca lc i f i ca -  
tion time, and f ree  heparin t ime to close to their initial values. The fibrinogen concentration (P< 0.01), the 
degree of the thrombotes t  (P< 0.001), and the degree of fibrinogen B (P< 0.01) remained  significantly high. 
Fibrinolytic activity was inhibited by a lesser  degree. 

On removal  of the tourniquets after  i schemia  of two limbs for 5 h, blood could be obtained only during 
the f i r s t  2 h; later it could not be obtained because of severe  vasoconstr ict ion.  The resul ts  of analysis of 
blood samples obtained during the f i r s t  2 h showed a sharp  increase  in the blood clotting time and plasma 
recalcif icat ion time (by 55% after 2 h). There was a parallel  dec rease  in the fibrinogen concentration and 
fibrinase activity, whereas fibrinolytic activity was considerably increased  (Fig. 3). 

Changes in the blood clotting and fibrinolysis  sys tems after i schemia  of one limb for 6 h were s imilar  
to those in the ser ies  with ischemia of two limbs for 1 h. 

Recireulat ion in the limbs with their blood flow maintained via the main trunk vesse l s  caused no marked 
changes in the blood clotting and f ibr inolysis  sys tems  as was the case when two limbs ischemized for 6 h 
were included in the circulation. In the latter case phasic changes were observed:  increased  procoagulant 
activity, inhibition of the anticoagulant component, and inhibition of f ibrinolysis 3 h after removal  of the 
tourniquets,  with the consequent r i sk  of development of thrombosis  [4], and defined as the thrombotic  state of 
hemostas is  [10]. The grea ter  the mass  of previously i schemized t issue,  the more  ser ious  this r isk.  Sub- 
sequently a tendency toward hypoc0agulation was observed,  possibly on account of a ref lex humoral  response  
[6]. However, changes after prolonged i schemia  (of two limbs for 9 h) were  qualitatively different in character .  
The increase  observed in the plasma recalcif icat ion time, the decrease  in plasma heparin tolerance,  and the 
sharp decrease  in the fibrinogen concentration with a simultaneous quickening of lysis of the euglobulin clot, 
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w e r e  poss ib ly  dependent on the appearance  of ac t iva to rs  of f ib r ino lys i s  in the blood or a natural  r eac t ion  of 
the anticlot t ing s y s t e m  to the appea rance  of thromboplas t ins  in the blood, which occu r s  in any fo rm of t r au ma  
[7, 9, 10]. The mani fes t ia t ions  o fa  hypercoagulat ion [1, 8] or  hypocoagulation tendency [5], noted by other 
w o r k e r s ,  a r e  evidently connected with d i f ferences  in the intensi ty of the previous  i schemia .  Deaths a r i s ing  
f r o m  tourniquet  shock,  depending on the duration of i s chemia  and the m a s s  of i s chemized  t i s sues ,  a r e  p r o b -  
ably to some extent  due to d i s tu rbances  of the blood clotting and f ib r ino lys i s  s y s t e m s  [2, 3, 14]. 

Inclusion of prev ious ly  i schemized  l imbs in the c i rcula t ion thus causes  m a r k e d  changes in the blood 
clotting and f ib r ino lys i s  s y s t e m s  that  a r e  e x p r e s s e d  as a p r i m a r y  hypercoagulat ion r eac t ion  and an inc reased  
r i s k  of t h rombos i s ,  followed by t rans i t ion  to hypocoagulation; if, howeve r ,  the i s chemia  was of long duration 
( ischemia of two l imbs  for  9 h) it was  e x p r e s s e d  as  a p r i m a r y  reac t ion  of hypoeoagutat ion with secondary  
f ibr ino lysis.  
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