
E F F E C T  OF  N O R A D R E N A L I N  ON T H E  D I S T R I B U T I O N  

O F  T H E  C I R C U L A T I O N  IN T R A U M A T I C  S H O C K  

S. A.  S e l e z n e v ,  I .  V. B u t o r i n a ,  UDC617-001.36-092.9-085.361.452-07:  
a n d  O. P .  K h r a b r o v a  616.1-008.1-072.7 

To evaluate the c i r cu la to ry  dis turbances in t raumat ic  shock it is important  to know not only the 
changes in the output of the heart ,  the per iphera l  res i s tance  of the blood vesse ls ,  the a r te r ia l  p r e s su re ,  
and other general  indices,  but also the relat ionship between the blood supply to the different o r g a n s - t h e  
distribution of the circulat ion.  The role of the blood vesse ls  of the different organs  in the s torage  of 
blood during shock has rece ived  considerable  study [1-3, 9]. However, the relat ionship between the blood 
flow in the var ious  organs in this condition has been investigated much less thoroughly [4, 10, 13, 14]. 

In 1964, Ekholm, Erikson,  and Skoglund [12] proposed an experimental  method of a s sess ing  the 
circulat ion based on roentgenography of animals af ter  adminstrat ion of 25~c thoro t ras t  in a dose of 5-10 
ml /kg.  In their  exper iments ,  which were ca r r i ed  out on cats, the blood vesse ls  and vascular  t e r r i to r i e s  
remained  constantly contras ted  for  1 h, af ter  which the contras t  mater ia l  began to accumulate  in cer ta in  
organs in higher concentrat ion than in o thers .  

It was decided to use this method to assess  the distribution of the circulat ion in shock and after  
adminis t ra t ion of noradrenal in  to shocked animals .  

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

The exper iments  were ca r r i ed  out on 24 cats weighing f rom 2.5 to 4.5 kg. Shock was produced by 
Cannon's m e t h o d - b y  t raumatizat ion of the soft  t issues of the thigh by 180-200 blows with a rubber- t ipped  
h a m m e r  weighing 700 g. To a s ses s  the sever i ty  of the shock, the a r te r ia l  p re s su re ,  pulse,  and resp i ra t ion  
were  recorded  on a kymograph,  and the defensive, corneal  and pupil lary ref lexes were studied. 

The cont ras t  mater ia l  was 50~c ca rd io t r a s t  (diodine, SPOFA, Prague) ,  which was injected in t ravenous-  
ly in a dose of 4.5-5 ml /kg.  The injection of the contras t  mater ia l  and the subsequent roentgenography 
were ca r r i ed  out in control  experiments  60-90 rain after  prepara t ion  of the animal for  the experiments  
with s h o c k - i n  the fully developed, torpid phase,  and in the experiments  with adminis t rat ion of noradrenal in 
(in control  conditions and during shock) immediate ly  af ter  s tar t ing theinject ion of the drug. 

Roentgenography of the whole animal (including the head and the lower limbs) was ca r r i ed  out p e r -  
iodically., before and 1-2, 10, 30, 60, 90, and 120 rain after  injection of the contras t  mater ia l .  Fi lm of 
type RM-1 (size 18x24 cm) with a sensi t ivi ty  of 250 units was used for  roentgenography.  The apparatus 
used was the URDD-10 (distance f r o m  tube to object 110 era, voltage 40-45 kV, cur ren t  60-80 mA, expo- 
sure  0.15-0.25 see). 

Noradrenal in  hydro ta r t ra te  (Ukrainian Institute of Experimental  Endocrinology) was injected in- 
t ravenously in Ringer ' s  solution in a dose of 1-2 #g/kg body weight/rain (estimated as base) for 20-30 rain. 

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

The injection of a large dose of cont ras t  mater ia l  in the control  experiments  led to rapid and fa i r ly  
uniform filling of the blood vesse ls  with the mater ia l :  af ter  1-2 rain the abdominal v i sce ra  showed up as 
a general  homogeneous shadow, and the borde r s  between them could not be distinguished. The reason for  
this was evidently the filling of the blood vesse ls  of the abdominal wall muscles  with contras t  mater ia l .  
The hear t  and grea t  vesse ls  also were c lear ly  outlined (Fig. 1, A). The roentgenographic picture was 
s imi la r  10 min la ter  (Fig. 1, B). 
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Fig.. L .  Roentgenograms of an animal af ter  saturat ion of the card iovascular  
sys t em with contrast  mater ia l  in control  experiments ,  a) immediately after  
injection; b-d) 10 and 120 min later .  

Fig. 2. Roentgenograms of an animal after  saturat ion of the 
card iovascular  sys t em with cont ras t  mater ia l  in the torpid 
phase of shock: a) immediately af ter  injection; b and c) 10 
and 60 rain later .  

In the la ter  roentgenograms,  taken 30, 60 and 120 rain after injection, the abdominal v i scera  showed 
up an equally intense shadow, and the hear t  shadow had become more  sharply defined (Fig. 1, c, d). This 
demonst ra ted  that the cont ras t  mate r ia l  continued to c irculate  in the blood vesse ls  of the abdominal v i s ce ra  
in approximately equal amounts. In the control experiments  the ca rd io t ras t  gradually began to be excreted 
by the kidneys, and after  15-30 rain it could be detected in the u r ina ry  bladder,  in which appreciable amounts 
of the contras t  mater ia l  were seen at the next examination after  60 rain (Fig. 1, b-d).  

After saturat ion of the card iovascular  sys tem with contras t  mater ia l  by the method of Ekholm and 
his co -workers  [12], the quantity of the substance in a given organ depends on the number of actively func- 
tioning vesse ls  (capillaries),  and not on the veloci ty of movement  of the blood, so that a more  o r  less  uni- 
fo rm distr ibution of the contras t  mater ia l  in the control animals demonstra tes  a uniform distribution of 
the blood flow. 
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Fig. 3. Roentgenograms of an animal af ter  saturat ion of 
the card iovascu la r  sys tem with cont ras t  mater ia l  in ex- 
per iments  in which noradrenal in  was given during shock: 
a) immedia te ly  af ter  injection; b) 30 rain la ter .  

The picture was different in t raumat ic  shock, which followed a consistent  course  in the present  ex- 
per iments  [5-7]. In the torpid phase the shock was charac te r i zed  by general  inhibition of the an imals '  
react ions,  by their  weak react ion or  absence of react ion to nociceptive stimulation, by a r te r ia l  hypotension, 
and by a rapid pulse and respira t ion,  somet imes  i r r egu la r .  Several per iods  could be distinguished in the 
development of the torpid phase [6, 7]. 

Injection of the cont ras t  mater ia l  in the torpid phase of t raumatic  shock, in a dose equivalent to that 
given in the control  experiments ,  led to uneven filling of the v i sce ra l  vesse ls  with the material ;  it was 
concentrated in the l iver  and heart ,  and to a l e s se r  degree in the kidneys (Fig. 2, a). On the roentgenograms 
taken after  10 re_in the centra l  par ts  of the l iver ,  the heart ,  the great  vesse ls ,  and the kidneys were not a l-  
ways outlined perfec t ly  c lear ly  and the intensity of the shadow of the two kidneys was not identical. After 
30-60 rain the picture remained  approximately the same as after  10 min (Fig. 2, c). 

In the torpid phase of t raumat ic  shock some degree of central izat ion of the contras t  mater ia l  was 
thus observed  ( i r regular  filling of the vesse ls  of the different organs),  cor responding in all probabil i ty to 
the "central izat ion" of the circulat ion,  because the content of contras t  mater ia l  in a given organ when the 
the saturat ion method is used is determined (as stated above, by the number of actively functioning capi l lar -  
ies in them. The blood supply to the heart ,  the l iver ,  and even the kidneys still  appeared sa t i s fac tory  when 
the blood flow in the intestine and skeletal muscles  was very  small .  In the control  animals,  60 rain after 
the injection, the amount of contras t  mater ia l  in the hear t  and grea t  vesse ls  had been reduced,  but in shock, 
on the other  hand, it remained  at an adequately high level. 

It could be supposed that the intensity of the v i sce ra l  shadows in the roentgenogram would depend 
also on the r e s t r i c t ion  of el imination of the cont ras t  mater ia l  in the conditions of shock, but such a sugges -  
tion is real ly  applicable only to the absolute, and not to the comparat ive intensity of the shadows, which 
charac te r i zes  the distr ibution of the blood flow. 

The differences in the distr ibution of the circulat ion were still more  c lear ly  defined af ter  adminis t ra -  
tion of noradrenal in  to the shocked animals.  In these experiments  the cont ras t  mater ia l ,  injected immedi -  
ately af ter  the infusion of noradrenal in  began in the torpid phase of shock, was immediately  concentrated 
in the central  port ions of the l iver  and hear t  (Fig. 3, a). On the roentgenograms taken 10-30 rain after  the 
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beginning of inject ion of noradrenal in ,  the hear t ,  the cen t ra l  pa r t s  of the l iver ,  and the blood v e s s e l s  of 
the lungs were  con t ras ted  (Fig. 3, b). In these conditions even the pe r iphe ra l  pa r t s  of the l ive r  evidently 
r ece ived  only a ve ry  poor  blood supply.  

The c i rcu la t ion  in the l ive r  in no rma l  conditions may  be of two t y p e s - d i f f u s e  and cen t ra l i zed  [11]. 
In shock, espec ia l ly  a f te r  admin i s t r a t ion  of noradrenal in ,  the c i rcula t ion  was of the second type. The r e -  
sul ts  of these  expe r imen t s  colff i rmed the au thors '  e a r l i e r  hypothesis  [8] that the i nc rea se  in a r t e r i a l  p r e s -  
su re  obse rved  following admin is t ra t ion  of noradrena l in  in the conditions of shock cannot be r ega rded  as 
evidence of an i m p r o v e m e n t  in the hemodynamics :  it may  be assoc ia ted  with an i nc rea se  in the tone of the 
v e s s e l s  and in the r e s i s t a n c e  to the blood flow through co l la te ra l  channels in ce r t a in  vi ta l ly  impor tan t  
o rgans .  

The resu l t s  of expe r imen t s  with sa tu ra t ion  of the blood s t r eamwi th roen tgenog raph i c  con t ra s t  m a -  
ter ia l  thus sugges t  that in the conditions of t r aumat ic  shock a m a r k e d  "cent ra l iza t ion"  of the c i rcula t ion  
takes p lace .  The admin is t ra t ion  of noradrena l in  not only does not abolish this cent ra l iza t ion ,  but may  even 
intensify it. 
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