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Traumatic shock in rats is accompanied by slowing of the blood flow in the capillaries of the meso- 

appendix, activation of arteriovenous anastomoses, and the formation of aggregates of erythrocytes in the 
capillaries and small venules. 

To understand the pathogenesis  of shock it is  helpful to compare  changes in the microc i reu la t ion  and 
hemodynamics  [15, 16, 18]. Most data on the mieroc i rcula t ion  in shock have been obtained in exper iments  
with hemorrhag ic  shock, and only a few in t raumat ic  shock [6, 12, 20]. 

The blood flow in the vesse l s  of the ra t  mesoappendix was studied in relat ion to the dynamics  of 
shock. In the analysis  of the exper iments  guidance was obtained f rom resu l t s  descr ibed by other workers  
[1, 8, 20] for the s t ruc ture  and physiology of the te rminal  vesse l s .  

EXPERIMENTAL METHOD 

Altogether 45 exper iments  were pe r fo rmed  on ra t s  weighing 150-200 g lightly anesthet ized with thio- 
pental (10 rag/100 g body weight, 5% solution, in t ramuscular ly) .  Like other barbi turates ,  thiopental causes  
only slight dis turbance of the microci rcula t ion,  and reduces  spontaneous vasomotor  activity only to a small 
degree.  Intravital  mic roscopy  of the mesen te r i c  vesse l s  and microphotography were ca r r i ed  out with the 
FMN-3 apparatus  and the MBI-3 mic roscope  (objective 10, ocular  7). Photographs  were taken with a Zenit- 
3M camera  on A-2 film (180 GOST units) with an exposure of 30 sec.  The film was sensit ized by t rea tment  
with phenidone developer  [2J. The ra t s  were photographed on a special  methyl  methacryla te  vessel ,  and 
the mesen te ry ,  i r r iga ted  with R inge r ' s  solution (37~ was placed in a compar tment .  The solution was passed 
through a hea t -exchanger  fitted with an e lectr ic  heater .  Shock was produced by Cannon's  method after  the 
narcot ic  action of the thiopental had begun to diminish.  To a s se s s  the shock, kymographic  record ings  were 
made of the a r t e r i a l  p r e s s u r e  (in the carot id ar tery) ,  the pulse, and respi ra t ion.  Phases  and per iods  analo- 
gous to those descr ibed  for other animals  were observed during the development of t raumat ic  shock in the 
ra t  [3, 4]. 

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

The p roper t i e s  of the terminal  vesse l s  of the mesen te ry  and of the circulat ion in them were de ter -  
mined in 8 control  experiments .  The following vesse l s  were  distinguished: a r t e r io les  (of the 1st, 2nd, and 
3rd order), venules of different diameters (from 17 to 55), the network of capillaries, and arteriovenous 
anastomoses (Fig. i). The latter were infrequent. The blood flow in the arterioles and venules was rapid 
during observations lasting 2-2.5 h, and it remained laminar. Usually 12-18 capillaries functioned in a 
field of vision. Individual erythrocytes in the capillaries moved between columns of plasma [I0, 13]. In 
some exper iments  an attempt was made to a s s e s s  the l inear  velocity of the blood flow f rom the movement  
of the e ry th rocy tes .  In venules 20-25tt in d iameter  this velocity was 0.5 r am/see .  

The microc i rcu la t ion  at different per iods of development of t raumat ic  shock was studied in 22 ra t s  
immediate ly  after  injury. The fall of a r t e r ia l  p r e s s u r e  (from 120 :~ 5.4 to 47 =~ 4.2 mm Hg) was a c c o m -  
panied by marked changes in the blood flow in all mesen te r ic  vesse l s  (Fig, 2). In the a r t e r io les  and venules 
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Fig. 1. Vascular  sys tem of the 
mesoappendix of a ra t  before 
shock. Above: a r te r io le  (A), ven- 
ule (V), and capi l lar ies  (K); be-  
low: venules of the 1st and 2nd 
order  (V). 

i! ili 

Fig. 2. Blood vesse l s  of the ra t  mesoappendix in var ious  periods 
of t raumat ic  shock. On the left, beginning of the torpid p h a s e :  
a b o v e - v e n u l e s  of the 2nd and 3rd order  (V), b e l o w -  ar ter iovenous  
anas tomosis  (AVA) ; in the center,  period of stabilization of the 
torpid phase:  above, vesse l  s filled with ery throcyte  s and others  con- 
taining p lasma can be seen, be low- in i t i a l  s tages of aggregation of 
e ry th rocy tes  in venule (V); on the r i g h t - e n d  of the torpid phase:  ~ 
a b o v e -  ar ter iovenous  anas tomosis  (AVA), be low-venu le  filled with 
aggrega tes  of blood cells .  

the laminar  blood flow was replaced by scat tered movement  of the blood cells .  Pendulum-like and some- 
t imes  r e t rog rade  movements  of the blood were found in the venules, and the velocity of the blood flow was 
slowed to 0.01-0.03 m m / s e c .  In a r t e r io les  more  than 25# in d iameter  the blood flow remained fair ly rapid, 
but as a rule in the a r t e r io les  of the 3rd order  and the me ta r t e r io l e s  it stopped altogether.  

The change in velocity of the blood flow was evidently associated not only with a decrease  in the p re s -  
sure  gradients  between the a r t e r i a l  and venous divisions of the vascular  system, but also with changes in 
viscosi ty  of the blood resul t ing f rom the increased  concentrat ion of cells  in the terminal  vessels ,  although 
the definite hemoconcentrat ion in this phase of shock was not yet  accompanied by aggregation of e ry th ro -  
cytes .  

Functioning capi l lar ies  disappeared after  t rauma:  some collapsed, while others  were blocked by 
cells.  The capi l lary blood flow had not r ecovered  by the t ime that the animals  died. In most  experiments  
a few minutes af ter  injury an inc rease  in activity of the a r te r iovenous  anas tomoses  was observed:  anasto-  
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moses  of different d iameters  (from 20 to 40# ) were found, and the circulat ion in the mesoappendix at this 
stage of shock was ca r r i ed  on mainly through them. The possibi l i ty of activation of ar ter iovenous  shunts 
when the capi l lary blood flow is disturbed during shock was postuIated originally by Blalock [5] and sub- 
sequently confirmed by other invest igators  [12]. 

In the period of stabil ization of the torpid phase of shock, when the a r t e r i a l  p r e s s u r e  was about 75 
mm Hg, gradual  r e c o v e r y  of the microc i rcu la t ion  was observed in some of the animals  in which the mani-  
festations of shock had disappeared.  In most  animals,  however, despite some increase  in the velocity of 
the blood in the 1st and 2rd order  a r t e r io les  and venules 30-40 # in diameter ,  fur ther  d is turbances  of the 
blood took place in the smal le r  a r t e r io l e s  and venules, and capil lary s tasis  developed. Aggregat ion of e ry -  
throcytes  in the venous division of the vascular  system was discovered at this time, and the number of capi- 
l la r ies  and small venules containing only p lasma was increased.  

In t ravascular  aggregation o fe ry throcy tes  in shock has been observed by several  workers  [7, 12, 19], 
who have regarded  it as the cause of the dec rease  in the circulat ing blood volume, the lowering of the a r te -  
r ial  p re s su re ,  and the anemia which are  all cha rac te r i s t i c  of shock~ 

With a fur ther  increase  in the sever i ty  of shock, the blood flow became still slower in all the mesen-  
ter ic  vesse ls ,  par t icu la r ly  in the venous port ion:  even in venules up to 20-30# in d iameter  a pendulum-like 
movement  of blood was observed, gradual ly changing to re t rograde ,  and finally to s tasis .  Although the 
blood flow continued for longer in the a r te r io les ,  it was never the less  much slower.  When the sys temic  
a r te r ia l  p r e s s u r e  had fallen to 20-25 mm Hg, somet imes  re t rograde  movement  of blood was observed in the 
a r t e r io l e s  also.  The blood flow at this t ime was maintained only in vesse ls  over 60~ in diameter ,  a s a  r e -  
sult of the large  ar te r iovenous  anas tomoses .  

The [ate periods of shock were charac te r i zed  by increased aggregation of e ry throcytes ,  an increase  in 
the size of the aggrega tes  in the blood vesse ls ,and by their  condensation and their  appearance not only in 
the venous, but also in the a r t e r i a l  port ion of the vascular  sys tem.  

In the te rminal  phase of shock s tas is  was found in all blood vesse l s  of the mesoappendix.  

Traumat ic  shock is thus charac te r ized  by marked dis turbances  of the circulat ion of the blood in the 
terminal  vesse l s  of the mesentery ,  appearing immediately  after  t rauma.  The most  typical changes are  a 
slowing of the velocity of the blood flow, an inc rease  in the number of cells  in the blood in the capi l lar ies  
and small veins, an increase  in viscosi ty  of the blood, aggregation of e ry throcytes ,  and, finally, complete 
cessat ion of the capi l lary  blood flow. 

There  is good reason for in teres t  shown in the use of low-molecular  weight dextrans  in shock. These 
substances have a de-aggregat ing  action and thereby facili tate an increase  in the volume of blood in active 
circulat ion [9, 14, 17]. In the next se r i e s  of exper iments  changes in the microc i rcu la t ion  in the rat  meso-  
appendix were studied af ter  injection of low-molecular  weight polyvinol at the end of the torpid phase of 
shock. Polyvinol with a molecular  weight of 10,000 (batch No. 27, Leningrad Blood Transfusion Institute) 
was injected by intravenous drip at the rate  of 1 ml/100 g body weight. 

These exper iments  showed that while the polyvinol was being adminis tered the velocity of the blood 
flow in the te rminal  vesse l s  increased,  the number of aggregates  o f e ry th rocy t e s  decreased,  and in some 
cases  they disappeared al together:  the capi l lary blood flow began to recover .  However, 15-20 min after the 
end of polyvinol administrat ion,  aggregates  of e ry th rocy tes  reappeared in the small venules, and la ter  in the 
a r te r io les ,  and the capi l lary  blood flow stopped. These phenomena were accompanied by a secondary de- 
c rease  in a r te r ia l  p res su re ,  worsening of the general  condition, and death of the animals .  
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