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React ions  of capaci t ive  v e s s e l s  of the abdominal  and pelvic organs  of vagotomized dogs to cy to-  
toxic injury to the hea r t  we re  studied. The s a m e  reac t ions  were  invest igated under c r o s s e d  
c i rcula t ion  conditions in r ec ip i en t  dogs following injury to the hea r t  of the donor dogs. Nervous 
r e f l ex  and humora l  cardiogenic  f ac to r s  were  shown to play a definite ro le  in the development  of 
blood deposition. 

KEY WORDS: ca rd iovascu la r  fa i lure;  hemodynamics ;  blood deposition. 

P rev ious  invest igat ions [7] showed that the development  of cytotoxic injury to the myoca rd ium (CIM) is 
accompanied  by re tent ion  of a cons iderable  quantity of blood in the venous pa r t  of the blood s t r e a m  in the 
abdominal  and pelvic  organs ,  and together  with weakening of myoca rd ia l  contract i l i ty  [5], this causes  a d ec r ea se  
in ca rd iac  output and a fal l  of the s y s t e m i c  a r t e r i a l  p r e s s u r e  (cardiocytotoxic shock). 

The poss ib le  par t ic ipa t ion  of nervous  and humora l  m e c h a n i s m s  in the deposit ion of blood in CIM was 
studied in the p r e sen t  invest igat ion.  

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

In two s e r i e s  of acute expe r imen t s  on dogs weighing 14-21 kg, anes thet ized with morphine and ch lora lose  
(0.0025 and 0.07 g /kg  respec t ive ly)  the sys t emic  a r t e r i a l  p r e s s u r e  (SAP), the cen t ra l  venous p r e s s u r e  (CVP), 
the p r e s s u r e  in the left vent r ic le ,  i ts  f i r s t  der iva t ive  (dp/dt), and the end-dias to l ic  component  (EDPlv), the 
r e s i s t a n c e  to the blood flow in the v e s s e l s  of the abdominal  and pelvic organs ,  and changes in the capaci ty of 
this vascu la r  region (by means  of the e x t r a c o r p o r e a l  r e s e r v o i r  method,  modified by the authors  [9]), were  
recorded .  The nature  of the modificat ion was that the abdominal  and pelvic  organs  were  per fused  through the 
f e m o r a l  a r t e r i e s  (1) and veins (2), and hemodynamic  isolat ion of the tes t  region was achieved by occlusion of 
the ao r t a  and pos t e r io r  vena cava  at the level  of the d iaphragm by means  of ca the te r s  with balloons (3) at  their  
ends (the rec ip ien t  dog in Fig. 1). The ca the te r s  (4) with balloons were  introduced through the left brachial  
a r t e r y  and ex te rna l  jugular vein. The ef fec t iveness  of hemodynamic  isolat ion was ver i f i ed  by the absence  of 
changes in a r t e r i a l  and venous p r e s s u r e  in the isola ted region when sudden changes of p r e s s u r e  were  a r t i f i -  
cial ly induced in the unisolated pa r t  of the dog 's  vascu la r  sys t em.  By means  of this modificat ion t e s t s  could 
be c a r r i e d  out on an imals  without the need for  thoracotomy, and laparotomy,  and during na tura l  breathing. 
CIM was produced by injecting 1-1.5 ml  of an t icard iac  cytotoxic s e r u m  (ACS) into one branch of the left 
co rona ry  a r t e r y  through a spec ia l  me ta l  ca theter .  Se rum was obtained f r o m  rabbi t s  immunized  with a saline 
ex t rac t  of dog myocard ium.  The t i te r  of the s e r u m  used in the complement  fixation tes t  was  1 : 320-1 : 640. 

The an imals  of the expe r imen t s  of s e r i e s  I (14 experiments} r ece ived  an injection of ACS after  b i la tera l  
vagotomy in the neck region.  In s e r i e s  II (10 exper iments}  the ro le  of humora l  f ac to r s  in blood deposit ion was 
studied by the c r o s s e d  c i rcula t ion  method (Fig. 1}. A r t e r i a l  blood of the donor into whose co rona ry  a r t e r y  ACS 
was injected pas sed  at  constant  volume veloci ty  into the hemodynamica l ly  isola ted pos t e r io r  half of the body 
of the rec ip ien t  dog, in which the r e s i s t a n c e  to the blood flow in the v e s s e l s  and changes in thei r  capaci ty  were  
recorded .  Blood flowing f r o m  the p o s t e r i o r  vena cava  of the rec ip ien t  dog was re tu rned  at the same veloci ty 
into the donor ' s  va scu l a r  sys tem.  
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Recipient Donor 

F ig .  1. Scheme of i n v e s t i g a t i o n  of r o l e  of h u m o r a l  f a c t o r s  in 
blood d e p o s i t i o n  du r ing  cy to tox i c  i n j u r y  to the h e a r t .  1) F e m o r a l  
a r t e r i e s ;  2) f e m o r a l  ve in s ;  3) ba l loons ;  4) c a t h e t e r s ;  5) " c o r o n a r y "  
c a t h e t e r ;  6) s i t e  of i n j ec t i on  of ACS in c o n t r o l  e x p e r i m e n t s ;  7) 
e x t r a c o r p o r e a l  r e s e r v o i r ;  P - l )  " a r t e r i a l "  p e r f u s i o n  pump;  P -2 )  
"venous"  p e r f u s i o n  pump.  

T A B L E  1. Changes  in I n d i c e s  of C a r d i o d y n a m i c s  and H e m o d y n a m i c s  du r ing  Cy to tox ic  
I n j u r y  to Donor  D o g ' s  H e a r t  in C r o s s e d  C i r c u l a t i o n  E x p e r i m e n t s  (M • m) 

I ] Time after injection of antieardiac serum, min 
Index Control 1 t 1 6o 

Recipient dog 

Volume of blood deposited, ml p-. 
Perfusion pressure in resistive vessels 

of abdominal organs, mm Hg 

SAP, mm Hg 
p* 

CVP, mm Hg 
P 

Pressure in left ventricle, mm Hg 
P 

dp/dtma x of left ventricle, ram, Hg 
p* 

gDPlv, mm Hg 
P 

0 46+7,2 
<o ,Ol 

96_6,4 93__+ 6,9 
>0,05 

Donor dog 

109__.4,7 83+5,1 
<o,ol  

18,3-4-4,3 20,6• 
2>o,o5 

136-{-8,3 107___7,3 
<0,02 

3197-4-233 2466+322 
<0,05 

3,8+0,3 4,2!-0,6 
>0,05 

42_8,3 
<o,ol 

96-4-5,6 
>0,05 

103+3,1 
<0,05 

18,0+4 
>0,05 

121+5,3 
>0,05 

26474-207 
<O,Ol 
5,2-+-0,6 
2>0,05 

34+8,1 
<o ,01 

89+_5,2 
>o  ,05 

99~4,4 
<0,01 

18,2_5 
>o,o5 

123~7,7 
>o,o5 

2616_~180 
<0,05 
5,8+1,4 
>0,05 

62_19, I 
<o,ol 

87_.+7,2 
2>O ,05 

1034-4,9 
<o  ,05- 
18"4-4,9 

>0,05 

121+8,9 
>0,05 

2792-4-50 
<o,o5 
7,5-t-1,9 
>0,05 

* P c a l c u l a t e d  by the  d i f f e r e n c e  me thod .  

In  c o n t r o l  e x p e r i m e n t s  the  s a m e  dose  of ACS was  i n j e c t e d  i n t r a v e n o u s l y  in to  the donor  and into  
the  r e c i p i e n t '  s a b d o m i n a l  a o r t a  (F ig .  1: 6). 

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  

In a n i m a l s  undergo• p r e l i m i n a r y  v a g o t o m y ,  blood d e p o s i t i o n  in  the  a b d o m i n a l  and  p e l v i c  o r g a n s  was  
p r e s e r v e d .  J u s t  a s  in the e x p e r i m e n t s  wi thout  v a g o t o m y ,  i t s  i n t e n s i t y  d i f f e r e d  in  each  s e p a r a t e  e x p e r i m e n t .  
Blood d e p o s i t i o n  began 1 .5-3  m i n  a f t e r  i n t r a c o r o n a r y  i n j e c t i o n  of ACS, and in s o m e  e x p e r i m e n t s  r e a c h e d  100- 
200 m l  in  the  c o u r s e  of a few m i n u t e s .  The quan t i t y  of b lood s t o r e d  in  the depo t s  5 m i n  a f t e r  i n j e c t i o n  of ACS 
a v e r a g e d  35 • 15 ml ,  r i s i n g  to 123 • 41 m l  a f t e r  15 min  and 242 • 59 m l  a f t e r  60 min .  C o m p a r e d  wi th  the i n t e n -  
s i t y  of b lood d e p o s i t i o n  in  i n t a c t  a n i m a l s  [7], the v o l u m e  of blood r e t a i n e d  in  the depo t s  of the  v a g o t o m i z e d  
dogs a t  v a r i o u s  t i m e s  a f t e r  i n j e c t i o n  of ACS was  21-547o l e s s .  Th i s  d i f f e r e n c e  was  e v i d e n t l y  due to the e x c l u -  
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Fig. 2. Changes in hemodynamies  of dogs a f te r  cytotoxic injury 
to hea r t  of donor dog. F r o m  top to bottom: changes in blood 
volume in e x t r a c o r p o r e a l  r e s e r v o i r  (in ml),  per fus ion  p r e s s u r e  
in v e s s e l s  of abdominal  and peNic  organs  of rec ip ien t  dog (in 
m m  Hg), SAP (in m m  Hg) and CVP (in m m  water)  of donor dog, 
t ime  m a r k e r  (10 sec).  Success ive  a r r o w s  indicate:  injection of 
ACS into blood flowing toward r ec ip i en t  dog and in t ranoronary  
inject ion of ACS into donor dog. A) Time of inject ion of s e r u m ,  
B) 30 min,  and C) 60 min  af ter  inject ion of an t icard iac  s e rum.  

sion of re f lex  effects  f r o m  the injured hear t .  The re  is  evidence [2, 6, 9] to conf i rm re f l ex  dilatation of the 
capaci t ive  v e s s e l s  during s t imulat ion of the r e c e p t o r  zone of the hea r t  and also the p r e sence  of a r e f l ex  com-  
ponent in the development  of changes in the ca rd iodynamics  and hemodynamics  accompanying  CIM [8]. 

Meanwhile,  p e r s i s t e n c e  of the blood deposit ion effect  in the vagotomized  an imals  suggested that  a ro le  
in the development  of blood deposit ion was played by humora l  f ac to r s ,  the coneentxation of which in the c i r -  
culating blood may  probably  va ry  in an imals  with different  in jur ies  to the hea r t  [3, 4]. 

The r e su l t s  obtained in the expe r imen t s  of s e r i e s  II (with a c r o s s e d  circulat ion) conf i rmed this suggestion 
(Table 1, Fig. 2). 

In a l l  these  expe r imen t s  deposit ion of blood in the abdominal  and pelvic organs  of the rec ip ien t  dog 
began 1-3 min  af ter  i n t r aco rona ry  inject ion of ACS into the donor dog (Fig. 2). The intensi ty  of blood depos i -  
tion differed in different  expe r imen t s .  The mean volume of blood deposi ted af ter  5 rain was 45.7 • 7.2 ml ,  and 
toward the end of the f i r s t  hour it  was  61.8 • 19.1 ml. When ACS was injected in the s a m e  doses  into the 
a r t e r i a l  blood flow toward the abdominal  o rgans  of the rec ip ien t  dog (bypassing the hea r t  of the donor dog}, no 
blood deposit ion was obse rved  in the r ec ip ien t  (Fig. 2). 

Consequently,  re tent ion of blood in the  depots af ter  i n t r aco rona ry  injection of ACS is  not the r e s u l t  of the 
d i rec t  action of an t icard iac  s e r u m  or of the products  of i ts  in teract ion with blood on the ve s se l s .  The essen t ia l  
condition for  blood deposit ion to take place is  rea l iza t ion  of the an t igen-an t ibody  reac t ion  in the organ,  in this 
case  the hear t ,  and a lso ,  evidently,  the subsequent  s ec re t ion  of biologically a c t i ve  subs tances  of t i s sue  origin.  
The poss ib i l i ty  that vasoac t ive  subs tances  may  be s ec r e t ed  f r o m  the hea r t  .during expe r imen ta l  p rocedures ,  
such as those producing acute i schemta ,  has been demons t ra ted  [10-13]. However ,  the physiological  s ignif i -  
cance of this phenomenon has not been establ ished.  

The r e su l t s  a r e  evidence of the ro le  of cardiogenic  humora l  f ac to r s  in the m e c h a n i s m  of blood deposition. 
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E F F E C T  O F  T H E  D U R A T I O N  O F  P R E C E D I N G  

I S C H E M I A  A N D  T H E  M A S S  O F  I S C H E M I Z E D  

T I S S U E  ON T H E  S T A T E  O F  T H E  C L O T T I N G  

A N D  A N T I C L O T T I N G  S Y S T E M S  O F  T H E  B L O O D  

I N  T O U R N I Q U E T  S H O C K  

A.  N. S h a l ' n e v ,  I .  V.  L e v a n d o v s k i i ,  
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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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