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Substant ia l  d i s tu rbances  of the m i c r o c i r c u l a t i o n  in the mucous m e m b r a n e  of the r e t r o b u c c a l  
pouch were  obse rved  in acute e x p e r i m e n t s  on h a m s t e r s  in which s e v e r e  shock was induced by  
s t andard ized  mechan ica l  t r a u m a  to the thigh. All the an imals  died within 24 h of such t rauma.  
If the an ima l s  died not l e s s  than 1 h a f te r  t r a u m a  the m i c r o c i r c u l a t o r y  changes were  def ini te ly  
phas ic  in c h a r a c t e r ;  in p a r t i c u l a r ,  a phase of t e m p o r a r y  r e l a t i ve  adaptat ion and s tab i l i za t ion  of 
the p e r i p h e r a l  c i r cu la t ion  was observed  in these  an imals ,  followed inevi tably  by a phase of de -  
compensa t ion  and a t e r m i n a l  phase  ending in death. In shock p roceed ing  rap id ly  to a le thal  
t e rmina t ion  wi thin  1 h, no defini te  phas ic  pa t te rn  of the m i c r o c i r c u l a t o r y  changes was observed ,  
but al l  the indices  worsened  more  or  l e s s  rapidly .  Unlike mos t  o ther  i nves t iga to r s ,  the authors  
saw no marked  i n t r a v a s c u l a r  aggrega t ion  of red ce l l s  in these exper imen t s .  
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This  paper  gives r e s u l t s  of a study of the m i c r o c i r e u l a t i o n  in the cour se  of t r aumat i c  shock f rom its 
or ig in  until  death of the unanes the t ized  an imals ,  i .e . ,  under  condit ions as c lose  as  poss ib le  to those encountered 
in c l in ica l  p rac t i ce .  

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

E x p e r i m e n t s  were  c a r r i e d  out on 65 h a m s t e r s  weighing 100-150 g. Shock was produced by Cannon's  
method in the w r i t e r s '  modif ica t ion  by means  of an e l ec t romagne t i c  h a m m e r  that  t h e y d e s i g n e d a n d p r o d u c e d  
[ 8] : A s e r i e s  of blows,  s t r i c t l y  graded in s t rength  (35 k g / c m  2) and f requency (100/min) were  applied to the 
hind l imbs  of the unanes the t ized  animals .  The c r i t e r i a  of shock were  the gene ra l  condit ion of the an imals ,  a 
fal l  in blood p r e s s u r e  (BP) in the ca ro t id  a r t e r y  to 40-50 m m  Hg, and an i n c r e a s e  in the r e s p i r a t i o n  and pulse  
r a t e s .  The t r a u m a  was discontinued when the blood p r e s s u r e  had fal len to 40-50 mm Hg. 

The s ta te  of the m i c r o c i r c u l a t i o n  was observed  on an appara tus  mounted on an MBI-3 m i c r o s c o p e  in the 
mucous m e m b r a n e  of the r e t r o b u c c a l  pouch, p r ev ious ly  enclosed in a t r a n s p a r e n t  chamber  made of p las t i c .  By 
means  of this  method of in t r av i t a l  m i c r o s c o p y ,  obse rva t ions  could be kept  for  a long t ime (2-3 weeks) on the 
s ta te  of the nut r i t ive  c i rcu la t ion  without any effects  on the object  observed  [5] .  All  the indices  studied were  
observed  before  t r a u m a  and cont inuously t h e r e a f t e r  in the va r ious  phases  of shock until  the a n i m a l ' s  death. 
Changes in the s ta te  of the t e r m i n a l  v a s c u l a r  network and of the blood flow in it were  r e c o r d e d  photographica l ly  
by means  of an MFN-11 pho tomic rograph ic  a t tachment .  

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  

As a r e s u l t  of t r a u m a  al l  the an ima l s  developed shock. All  the h a m s t e r s  died within 24 h. However,  
despi te  the s tandard  condit ions of r eproduc t ion  of shock, the s ta te  of the an ima l s ,  the actual  c h a r a c t e r  of the 
p r o c e s s ,  and the changes in the indices  studied di f fered in d i f ferent  an imals .  Depending on the c h a r a c t e r  of 
the cou r se  of the shock and the dynamics  of the changes in the indices  s tudied the an ima l s  were  divided into 
two p r inc ipa l  g roups :  1) with a d i s t inc t  phas ic  c o u r s e  of shock, with a marked  per iod  of t e m p o r a r y  c o m p e n s a -  
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Fig .  1 P h o t o m i c r o g r a p h  of s m a l l  v e s s e l s  in m u c o u s  m e m b r a n e  of h a m s t e r  r e t r o b u c c a l  
pouch:  a) a f t e r  t r a u m a  to the thigh; b) s p a s m  of a r t e r i e s  and venu le s  in e r e c t i l e  p h a s e  of 
shock  (3 min  a f t e r  end of t r a u m a  to thigh); c) v a s o d i l a t a t i o n  and s lowed  blood flow in venous  
and a r t e r i a l  m i c r o v e s s e l s  in t e r m i n a l  p h a s e  of shock  (27 min  b e f o r e  dea th  of an ima l ) ;  e v i -  
dence  of s lowing  of blood flow is  a b i l i t y  to d i s t i n g u i s h  ind iv idua l  blood c e l l s  in pho tog raph ,  
which  is  i m p o s s i b l e  on f i l m i n g  u n d e r  t hese  cond i t i ons  wi th  the u sua l  v e l o c i t y  of blood flow; 

250x.  

t ion ( s t ab i l i z a t i on )  of the d i s t u r b e d  func t ions .  The  a n i m a l s  of th is  g roup  (35 h a m s t e r s )  d ied  be tween  1.5 and 
24 h a f t e r  t r a u m a  (mos t  of t hem b e f o r e  6 h); 2) with r a p i d l y  p r o g r e s s i v e  shock ,  with no c l e a r  p h a s e  of t e m -  
p o r a r y  c o m p e n s a t i o n .  Al l  the  a n i m a l s  of th i s  g roup  (30 h a m s t e r s )  d ied  d u r i n g  the f i r s t  hour  a f t e r  t r a u m a .  

A f t e r  the end of t r a u m a  a l l  the a n i m a l s  of both e x p e r i m e n t a l  g r o u p s  w e r e  in a s t a t e  of shock :  T h e y w e r e  
m o t i o n l e s s  and did not  r e s p o n d  to n o c i c e p t i v e  o r  a c o u s t i c  s t i m u l a t i o n .  The  pu l se  and r e s p i r a t i o n  r a t e s  w e r e  
r a i s e d  and BP was  low. M i c r o c i r c u l a t o r y  c h a n g e s  i m m e d i a t e l y  a f t e r  t r a u m a  and d u r i n g  the next  5-20 min  
w e r e  c l e a r l y  def ined  and s i m i l a r  in type in p r a c t i c a l l y  a l l  a n i m a l s  of both e x p e r i m e n t a l  g r o u p s :  S e v e r e  
s p a s m s  of m o s t  v e s s e l s ,  e s p e c i a l l y  a r t e r i a l ,  w e r e  cons t an t  and a t  t i m e s  l ed  to  such a d e g r e e  of v a s o c o n -  
s t r i c t i o n  that  the p a s s a g e  of  b lood  c e l l s  was  p r e v e n t e d ;  t h e r e  was  a v i r t u a l l y  c o m p l e t e  a b s e n c e  of func t ion ing  
c a p i l l a r i e s  (Fig .  l a ,  b),  s l o w i n g o f  the blood flow in both venous  and a r t e r i a l  v e s s e l s ,  wi th  a t o - a n d - f r o  o r  j e r k y  
m o v e m e n t  i n t e r s p e r s e d  with  s topp ing  of the  b lood flow in s o m e  of them;  p l a s m a t i z a t i o n  of the  b lood  flow o e e u r e d  in 
s o m e  venu le s  and s m a l l  ve ins  r e c e i v i n g  blood f r o m  a r t e r i e s  in a r e g i o n  w h e r e  they w e r e  in a s t a t e  of e x t r e m e  
s p a s m .  

In the  a n i m a l s  of e x p e r i m e n t a l  g roup  1, a p e r i o d  of t e m p o r a r y  p a r t i a l  c o m p e n s a t i o n  ( s t ab i l i z a t i on )  l a s t i n g  
for  be tween  a few m i n u t e s  and a few h o u r s  deve loped  5-20 ra in  a f t e r  the end of t r a u m a ;  i t s  d u r a t i o n  d e t e r m i n e d  
the length  of s u r v i v a l  of the e x p e r i m e n t a l  a n i m a l  a f t e r  t r a u m a .  Dur ing  th is  p e r i o d  of shock BP r o s e  a l i t t l e  
(to 70-80 m m  Hg) and r e s p i r a t i o n  b e c a m e  s l o w e r ,  m o r e  r e g u l a r ,  and d e e p e r . .  Meanwhi le  the  blood flow i m -  
p r o v e d  a p p r e c i a b l y  in the t e r m i n a l  v a s c u l a r  n e t w o r k :  The  a n g i o s p a s m w a s  r e d u c e d  o r  a b o l i s h e d  a l t o g e t h e r ;  
m o v e m e n t  of the  blood in many  o f  the  s m a l l  a r t e r i e s ,  ve ins ,  and s o m e  of the c a p i l l a r i e s  was  r e s u m e d ,  w h e r e  
i t  had c e a s e d  i m m e d i a t e l y  a f t e r  t r a u m a .  H o w e v e r ,  m o s t  of the  blood flow did not  p a s s  th rough  the t r u e  c a p i l -  
l a r i e s ,  the  n u m b e r  of which  was  s e v e r a l  t i m e s  s m a l l e r ,  but  t h rough  a r t e r i o l o v e n u l a r  a n a s t o m o s e s ,  the  hum-  
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be r  of which was app rec i ab ly  g r e a t e r  than before  t r auma.  Movement of the blood in this  way evident ly  implied 
worsening  of the nut r i t ive  blood flow, and this is now rega rded  by many w o r k e r s  as the main pa thophysio logica l  
d i s tu rbance  in shock [11, 14, 15]. The nut r i t ional  def ic i t  and, in p a r t i c u l a r ,  the i n c r e a s e  in the oxygen debt 
g radua l ly  led to s eve re  uncompensated d i s tu rbances  of me tabo l i sm  of the body cel l  and, in p a r t i c u l a r ,  ce l l s  of 
the v i ta l ly  impor tan t  o rgans ,  thereby  br inging to an end the per iod of t e m p o r a r y  r e l a t i ve  compensa t ion  which 
was in effect  a per iod of t e m p o r a r y  adaptat ion of the o rgan i sm to i ts new condit ions of exis tence.  A second 
per iod of decompensa t ion  followed, and this led into the t e rmina l  phase of shock. Under these c i r c u m s t a n c e s  
BP fell  r e l a t i ve ly  rap id ly  and r e s p i r a t i o n  as a rule  became fas t  and supe r f i c i a l  with occas iona l  deep i n s p i r a -  
tions. The functioning c a p i l l a r i e s  again d i sappea red  v i r tua l ly  comple te ly  and the blood flow in those s m a l l  
v e s s e l s  in which it s t i l l  continued was much s lower;  the blood flow gradual ly  ceased  in some venules and 
veins,  and l a t e r  in the a r t e r i a l  v e s s e l s  a lso,  and the blood in them was apprec iab ly  thickened. The mos t  
c h a r a c t e r i s t i c  and constant  f ea tu res  of the m i c r o c i r c u l a t o r y  changes in the t e r m i n a l  phase of t r auma t i c  shock, 
indicat ing that a lethal  outcome was near ,  w e r e  vasod i la ta t ion  and seques t r a t ion  of the red  ce l l s ,  connected 
with it and with the hemoconcent ra t ion  (Fig. lc) .  Pathologica l  d i la ta t ion  of all  the blood v e s s e l s ,  e spec i a l l y  
venous, occur red ;  they were  f i l led with blood and, for  a few minutes ,  the i m p r e s s i o n  of d i la ta t ion of the ne t -  
work of functioning m i c r o v e s s e l s  and improvemen t  of per fus ion  of the t i s sues  with blood was c rea ted .  Very 
soon, however,  the motion of the blood ceased  and total  s t a s i s  was observed  in al l  the di la ted and congested 
ves se l s .  Resp i r a t ion  became pathologica l ,  the ca rd i ac  rhythm was d is turbed ,  t a chyca rd i a  was rep laced  by 
b r a d y c a r d i a ,  BP fel l  to zero ,  and the animal  died. Throughout the per iod of development  of shock the animal  
r emained  mot ion less  or nea r ly  so, so that no f ixation was requ i red ,  and it responded weakly or  not at all  to 
nocicept ive  and other  fo rms  of s t imulat ion.  

The cour se  of shock in the an imals  of expe r imen ta l  group 2 di f fered f rom that de sc r ibed  above in the 
absence  of any c l e a r l y  marked  per iod  of r e l a t i ve  compensat ion  and s tab i l iza t ion .  BP did not r i s e  a f te r  t r auma  
but continued to fall  gradual ly ,  the tachypnea changed into pathological  fo rms  of r e s p i r a t i o n ,  and t a chyca rd i a  
was rep laced  by b r a d y c a r d i a .  The angiospasm and other  m i c r o c i r c u l a t o r y  d i s tu rbances  observed  immedia t e ly  
af te r  t r a u m a  were  quickly rep laced  by genera l i zed  vasodi la ta t ion  and by congest ion of the di la ted v e s s e l s  with 
blood; meanwhile  BP fel l  to ze ro ,  the hea r t  stopped beating, and the animal  died. The surv iva l  per iod of the 
an imals  in this  group va r ied  f rom 10 to 60 min. 

The m i c r o c i r c u l a t o r y  changes de sc r ibed  above in t r aumat i c  shock agree  on the whole with obse rva t ions  
by o ther  workers .  Admit ted ly ,  in this case  it was poss ib le  to make these obse rva t ions  without the use of 
anes thes i a  and continuously throughout the per iod  of shock, without the r i s k  of s ide  effects  on the tes t  object  
i tself .  This  may  pa r t ly  explain one of the s ignif icant  d i f fe rences  between the p r e s e n t  r e s u l t s  and obse rva t ions  
by ce r t a in  other  w o r k e r s  [4, 13] : The genera l i zed  i n t r a v a s c u l a r  aggregat ion  of red ce l l s  which the w r i t e r s  
constant ly  found in burn shock [ 6, 7] was not observed  in any phase  of t r aumat i c  shock if it las ted  l e s s  than 
24 h. Since anes thes i a  i t se l f  has a marked  effect  on the m i c r o c i r c u t a t i o n  [ 9] the p r e s e n t  inves t iga t ions  of the 
p e r i p h e r a l  hemodynamics  in the cou r se  of shock without the use of genera l  anes the t ics  evident ly  mus t  r e f l ec t  
more  adequate ly  i ts  s ta te  in shock such as is observed  in c l in ica l  p rac t i ce .  

L I T E R A T U R E  C I T E D  

1. D . E .  Van'kov, Patol.  F i z io l . ,  No. 2, 28 (1974). 
2. V .G.  Ovsyannikov and D. E. Van'kov, Patol.  F i z io l . ,  No. 2, 40 (1975). 
3. S . A .  Seleznev,  Patol.  F i z io l . ,  No. 3, 3 (1976). 
4. S . A .  Seleznev and O. P. Khrabrova ,  Patol .  F i z io l . ,  No. 2, 65 (1970). 
5. A . M .  Chernukh, P. N. Aleksandrov,  and O. V. Alekseev ,  The Mic roc i r cu la t ion  [in Russ i an ] ,  Moscow 

(1975). 
6. A . M .  Chernukh, et  a l . ,  in:  F i r s t  World Congress  for  Mic roc i r cu la t ion ,  A b s t r a c t s ,  Toronto (1975), 

p. 314. 
7. Yu. M. Stykhno and A. M. Chernukh, Patol .  F i z io l . ,  No. 4, 6 (1974). 
8. Yu. M. Stykhno and B. T. Chuvin, Patol .  F i z io l . ,  No. 1, 73 (1976). 
9. S. Baez and L. Orkin,  in: Shock, Boston (1974), p. 207. 

10. R . W .  Barton,  D. G. Reynolds,  and K. G. Swan, Ann. Surg.,  175, 204 (1972). 

1772 



11. A . E .  Bane, Surg. Gynecol. Obstet.,  127, 849 (1968). 
12. C. Jelenko, W. D. Jennings, W. R. O'Kelley, et al., Arch. Surg., 106, 317 (1973). 
13. M.H.  Knisely, in: Handbook of Physiology (ed. by W. F. Hamilton), Vol. 3, Circulation, Williams and 

Wilkins, Bal t imore (1965), p. 2249. 
I4. N.A.  Matheson, Postgrad.  Med. J.,  4._55, 530 (1969). 
15. K. Messnier  and L. Sunder -Plassmann,  in: Pathophysiologische Grundlagen tier Chirurgie,  Stuttgart 

{1975), p. 159. 
16. P. Rit tmeyer,  in: Modified Gelatins as P l a sma  Substitutes, Basel (1969), p. 343. 
17. H.d .  Robb, Angiology, 1....66, 405 (1965). 
18. R . B .  Rutterford and R. S. Trow, J. Surg. Res.,  1__4, 538 (1973). 
19. B.W. Zweifach, Ann. Rev. Physiol. ,  3__5, 117 (1973). 
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Noninbred male rats  weighing 250-300 g were used. Adaptation to high-altitude hypoxia was 
produced by keeping the animals once a week for 5 h in a p re s su re  chamber  at an "a l t i tude"  
of 6000 m. The degree of hypertrophy of the right ventricle and its RNA content were studied 
after 20 days of adaptation and also 2, 10, 20, and 40 days after the end of exposure to hypoxia. 
The mass  of the right ventricle and its RNA concentrat ion and content were significantly in- 
c reased  20 days after the beginning of adaptation. After the end of exposure to hypoxia half of 
the increase  in mass  of the right ventricle was lost during the next 10 days and half of the in- 
c r ease  in RNA during the next 2 days. For ty  days after the end of exposure to hypoxia the 
mass  of the right ventricle and its RNA content in the adapted animals were indistinguishable 
from those in the controls.  

KEY WORDS: adaptation; hypoxia; hypertrophy of the right ventricle;  r egress ion  of 
hypertrophy; RNA. 

With an increase  in the load on the heart  the synthesis of nucleic acids and protein in the myocardial  
cells  is activated and hypertrophy develops. A reduction in the load on the heart  leads to a decrease  in the 
intensity of nucleic acid and protein synthesis  and in the mass  of the organ [2, 3, 7]. Correspondingly,  it has 
been shown that hypertrophy of the heart  is a revers ib le  p rocess :  After  removal  of aortic stenosis,  creat ing 
a load on the heart ,  the mass  of the myocardium decreases  fairly rapidly [ 8, 10]. However, the extent to 
which the dynamics of r eg ress ion  of hypertrophy depends on the decrease  in myocardia l  function is not quite 
clear ,  for aortic stenosis and its removal  necessi tated a surgical  operation, and repeated operations,  like 
changes in the region of the aorta  to which the stenosing ring was applied, could affect the state of the heart  
and the regress ion  of its hypertrophy. 

To rule out the action of these factors ,  in the investigation described below hypertrophy of the right ven- 
t r ic les  was produced by adaptation to high-altitude hypoxia; the mass  of the right ventricle and its RNA content 
were measured during regress ion  of the hypertrophy. 
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