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Insufficient attention has been paid to the study of changes in the hemodynamics in t raumat ic  shock. 

Investigations [9, 15] of the minute volume (MV) of the circulation and the ar te r ia l  p ressu re  in pa- 
cients with traumatic shock have shown that the changes in these parameters  are  not always parallel, and 
that the changes in MV are not always proportional to the changes in the level of the a r te r ia l  p ressure .  
L. L. Shik and co-workers  [8] showed that in some types of shock with a high a r te r ia l  p re s su re  the MV is 
low, and the shock then runs a severe  course .  

In the present  investigation the changes in the MV, the general peripheral  vascular  res is tance,  and 
the circulat ing blood volume were investigated at different periods of experimental  and t raumatic  shock. 

EXPERIMENTAL 

The experiments were conducted on cats. Shock was produced by Cannon's method by crushing the 
soft tissues of the thigh. To estimate the severity of the shock the arterial pressure, the pulse and 
respiration rates were recorded. In one group of experiments the circulating blood volume was studied, 
and in the other group, the MV and the general peripheral vascular resistance. 

The circulating blood volume was determined by injecting 2 ml of a 0.25% solution of Evans' blue 
into the inferior vena cava. The circulating blood volume was calculated on the basis of determination of 
the concentration of the dye in the plasma in conjunction with the hematocrit index. 

The MV was determined by the dye (Evans' blue) dilution method, generally accepted at the present 
time. The solution of the dye (0.25%) in a volume of 1 ml was injected through a catheter into the orifice 
of the venae cavae. The dilution curve was plotted with the aid of a type 036M oxyhemograph, modernized 
by the author. This apparatus was used to determine the MV in investigations by other authors [2, 14]. 
The detector of the apparatus was fitted to a special cuvette, made of methacrylate and tied into the femoral 
artery and vein. The euvette was used so as to make the experimental conditions as identical as possible. 

The peripheral vascular resistance was calculated by the usual formula [i, 3, 5, I0, Ii]. 

EXPERIMENTAL RESULTS 

The following phases of traumatic shock were distinguished: erectile, torpid, and terminal. The 
torpid phase was subdivided into three periods: the beginning, the period of stabilization, and the end [4]. 

In the course of 67 experiments, as the shock developed a gradual decrease was found in the blood 
volume, coinciding as a rule with a change in the arterial pressure (see table). 

i 

In moderately severe shock comparison between the circulating blood volume and the arterial pres- 
sure showed a linear relationship satisfactorily described by an equation of the type y =f(x-a). Relation- 
ships of this type have been described by the author previously [7]. By the use of this relationship it could 
be deduced that the vascular changes were small in moderately severe shock. In severe shock no direct 
relationship could be obtained between the changes of arterial pressure and the circulating blood volume. 

In the next series of 52 experiments the MV was determined and the peripheral vascular resistance 
calculated. As a rule in the experiments to study the MV the shock was severe and ended with death of the 
Animals.  
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Minute Volume, Circulating Blood Volume, Peripheral Vascular 
Resistance, and Arterial Pressure at Different Periods 
of Development of Traumatic Shock (M • 

Index 

Minute volume 
(in ml/rain/ 
kg body wt.) 

Circulating 
blood voL (in 
ml/kg body wt; 

Peripheral vas- 
cular resis- 
tance (dyn/ 
sec/era-s) 

Arterial pres- 
sure (in mm 
Hg) 

Initial 
data 

227+17,4 

56• 

15 679+124,9 

140-+-9,4 

beginning 

69___5,7 

47+2,3 

16 960__.138,5 

45_4-3,8 

Phase ofshock 
torpid 
period of / 

stabilizatio~ end 

192• 132• 

44• 34_____2,2 

9804• 8046• 

85_____5,8 52• 

terminal 

84_9,4 

27___3,1 

6 095~61,8 

21~2,7 

With the development of t raumat ic  shock, a considerable decrease  in the MV was observed by the 
beginning of the torpid p h a s e - t o  69 m l / m i n / k g  body weight. In the period of stabilization of the shock the 
MV increased,  coming close to its original value, but then progress ive ly  fell again (see table). As the 
animaPs condition worsened and the MV diminished, the projection of the descending part  of the dilution 
curve became relat ively longer than the projection of its ascending part, leading to disturbance of the 
usual ratio between them (1 : 1.7). 

Analysis of the resul ts  obtained by determinat ionof the  MV, the circulat ing blood volume, and the 
a r te r ia l  p ressu re  showed that at the beginning of development of shock tile changes in these indices follow 
a parallel  course,  but this pat tern is disturbed in the period of stabilization of the shock. In this period 
the a r te r ia l  p ressure  r i ses  slightly and the MV increases ,  but the circulat ing blood volume remains  un- 
changed. The MV thus, is maintained at a fair ly high level, not by a change in the circulat ing blood volume, 
but as a resul t  of the bringing of other mechanisms into play, and especial ly an increase  in the heart  rate, 
which averaged at this t ime 200-240 beats per  rain. 

In the later  periods of development of shock (at the end of the torpid phase and in the terminal  phase) 
the changes in these three indices once more followed a parallel  course .  

At the beginning of the torpid phase, i.e., at a time when the ar te r ia l  p ressure  was falling sharply 
and both the MV and the c i rculat ing blood volume were diminishing, the peripheral  vascular  res is tance  
was increas ing  (see table). With a fur ther  aggravation of th~ t raumat ic  shock the per ipheral  vascular  
res is tance  gradually fell. 

The changes in the principal hemodynamie indices are thus determined by the period of development 
of shock, and they follow a parallel  course  only in profound shock, whereas in the ea r ly  periods of devel-  
opment of the p rocess  the changes in these indices may take place in opposite direct ions.  

F r o m  the resul ts  obtained, it is concluded that the changes in the circulat ing blood volume and in the 
per ipheral  vascular  res is tance  follow a different pattern in different parts  of the vascular  system.  
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