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Prolonged h~potension produced indogs  by blood loss  leads to a marked  increase  in the tolm of the 
blood vesse l s  of the l imbs,  kidneys,  and intest ine,  which pe r s i s t s  until the t ime of death of the animals .  The 
author  cons iders  that the maintenance of a r t e r i a l  tone in the late phase of hypotcnsion is due mainly to 
humera l  r a the r  than nervous  f ac to r s .  

The phenomenon of vascular  spasm and increased  vascular  tone during blood loss  ks not now disputed. 
It was Wiggcrs  [10] who pointed out or iginal ly  that the body's  f i r s t  r esponse  to blood loss is an increase  in 
the vascu la r  r e s i s t ance .  It is uncer ta in ,  however ,  how long this spasm p e r s i s t s  and whether  it  is rep laced  
by vasodi la ta t ion during the development  of the decompensat ion preceding death.  

P e t rov  and Vasadze  [1] cons ider  that in the late phase of shock and blood loss an inhibition of vascular  
tone develops soon af te r  d is turbance o( tim re f lex  control  of the c i rcula t ion.  I lardaway [5] assoc ia tes  the 
deve lopment  of the essent ia l  changes in shock with a hypothetical  para lys i s  of the a r t e r io l e s ,  previously in 
a s ta te  of spasm.  Rothe and c o - w o r k e r s  [71 found in exper iments  on dogs that in the ea r l y  phase of hypo- 
tens ion,  when the a r t e r i a l  p r e s s u r e  was 50 ram, the total per iphera l  vascu la r  r es i s t ance  was doubled, but in 
the c o u r s e  of hypotension it fell  with a dec rease  in the card iac  output. 

Growell  and Gu)4on [4] consider  that the ro le  of the vesse l s  in the development  of i r r ev e r s i b l e  changes 
is  l e ss  impor tant .  In the i r  exper iments  with prolonged blood loss the per iphera l  vascu la r  r e s i s t ance  r e -  
mained unchanged.  

In the p resen t  invest igat ions the a r t e r i a l  tone was studied in the l imbs,  intestine,  and kidneys during 
prolonged h3q3otension. 

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

Exper imen t s  were  pe r fo rmed  on dogs anesLhetized with ure thane (0.3 g /kg)  and chlora lose  (0.05 g /kg) .  
Clotting of the blood was prevented  with hepar in .  The vascular  r e s i s t ance  was measu red  by Kha:y~tin's 
method [2]. The a r t e r y  to be investigated was perfused with blood by means  of a pump del ivering blood at a 
constant  volume ve loc i ty  throughout the exper iment .  The p r e s s u r e  at the outlet of the pump re f lec ted  

TABLE I. Perfusion P r e s s u r e  (as percentage  of initial value) during 
Prolonged H3.1ootension Caused by Bl~od Loss  (ar ter ial  p r e s s u r e  40 
ram),  M • m 

Vessel perfused 

Art. femoralis 
(n=ll) 
Art. renalis 
(nr~6) 
Art. mesenterica 

superior 
(n=G) 

Imme- 
diately 
after 
blood 
loss 

130+_.7 

t97--- 12 

157• 10 

! 

133_-9 

183• 19 

173--- + 22 

Time after blood loss (in h) 

125_+7 

174_-21 

210_+ 14 

141-+9 [154~- 51157~, 

195_-3l I ;O;-+18-- 

155• 

1 155_-8 
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Fig. 1. Perfusion pressure in superior mesente~'ie ar'tery during 
prolonged hypotension. I) Immediately after blood loss; If) I h; 
Ill) 3 h after blood loss; W r) after addition of diluted blood to reser-- 
Voir; V) 4 h af ter  blood loss .  1) Ar te r ia l  p r e s s u r e  and its zero  line; 
2) perfusion p r e s s u r e  and its zero  line. Time marke r  5 sec .  Scale 
for p r e s s u r e  on the left (in r a m ) .  

/ # 
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200 ~ ~00 
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Fig.  2. React ion of vesse l s  to i n t r a - a r t e r i a l  injection of polyglucin 
(I} and blood (II). I: 1) a r t e r i a l  p r e s su re  and its z e r o  line; 2) pe r -  
fusion p r e s s u r e  in femora l  a r t e r y  and its zero  line, Time marke r  
5 sec .  Ar rows  denote beginning and end of injection. If: 1) a r t e r i -  
al p r e s s u r e  and its ze ro  line, time m a r k e r  5 sec; 2) per'fusion p re s -  
sure  in femora l  a r t e r y  of denervated limb and its zero  line; 3) pe r -  
fusion p r e s s u r e  in femora l  a r t e r y  of intact limb and its zero  line. 
Ar rows  denote beginning and end of injection. Scale for p r e s su re  
on the left (in ram).  

changes  in vascu la r  tone. Blood entered the pump through a catheter  inserted into the abdominal aor ta ;  The 
a r t e r i a l  and perfusion p r e s s u r e s  were recorded  with m e r c u r y  manomete r s .  Prolonged hypotcnsion was pro-  
duced by Wigge r s ' s  method.  The blood was collected in a special  r e s e r v o i r ,  joined by a catheter  to tile iliae 
a r t e r y .  The p r e s s u r e  in the r e s e r v o i r  balanced the p res su re  in the aor ta  and was kept at 40 ram. The blood 
loss  amounted to 30-40 m I / k g .  At hour ly  intervals  during the exper iment  all [l~ese indices were rccot 'ded.  
At the same t ime tes ts  were  ca r r i ed  out to de termine  the state of the vessels :  the magnitudes of the pces-  
s o t  carot id  sinus re[ lex,  the response  to injection of adrenalin (1 ml of a 10 -5 dilution), and the reaction to 
i n t r a - a r t e r i a l  injection of blood or  blood substi tutes was dc termhled .  The values of the pe~'fusion p ressu re  
were  expressed  as percentages  of its initial value. 

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  

The  per iods  of survival  of the animals  vaz'icd within ve ry  wide lim[ts (from 3 to 7 h). 

As the blood was withdrawn and the a r te r ia l  p r e s su re  fell, the a r te r ia l  tone in all investigated regions 
inc reased  and remained  high throughout the period of hypotension,  until the onset of an agonal stnte.  The 
highest  inc rease  in perfus ion p r e s s u r e  was observed  in the renal  vesse l s  (Table 1). 
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TABLE 2, Pcr[usion P r e s s u r e  (as pe rcen tage  of 
initial value) in Femora l  A r t e r y  of N o r m a l  and 
Denerva ted  Limb d u r i n g  Prolonged IIypotension 
Caused by  Blood Loss  : (a r te r ia l  p r e s s u r e  40 mm) ,  
M ~ m  

Limb 

Normal  r = 5) 
Denervated  

in-" 5! 

[ lmmc- :  l; .T ime  Mtef  blood loss 
d ia t e ly  I : ( in  h) 
af ter  I: , - i  , 
blood [ -' I. 1 2-a  I 4 s 

�9 [ o s ~  I ' "  . I . 1 - -  

120-- + 16 142• 16,5+_21 182-- + 17 

gO0 ~ , 7  

20g 

IOC - 

I 0 0  r . J" 

J I t - . t  I I [ i i i | i [ i ~ _ t , . . l _ , i _ j  

Fig .  3. Changes  in p r e s s o r  ca ro t id  sinus r e f l ex  
dur ing  prolonged h:y-potension. T r a c e  made  4 h 
a f t e r  beginning of hypotens ion.  1) A r t e r i a l  p r e s -  
su re  and i t s  z e ro  line, t ime  m a r k e r  (5 see}; 2) 
perfus ion p r e s s u r e  in  f e m o r a l  a r t e r y  and its ze ro  
line; 3) pe r fus ion  p r e s s u r e  in supe r io r  m e s e n -  
t e r i e  a r t e r y  and i ts  z e r o  l ine.  Sca le  fo r  p r e s s u r e  
on the left  (in r a m ) .  T ime  of c o m p r e s s i o n  of both 
ca ro t id  a r t e r i e s  indicated by a r r o w s .  

The r e su l t s  o[ our expcrin~ents differ  son~cwhat 
f rom those obtained l) 3" Abe[ and Murphy [3], wt~o, af ter  
a blood loss  of 20 m l / k g ,  found that tile r e s i s t ance  of 
the renal  v e s s e l s  increased  by 85ck, the l imb vesse l s  
by 1309, and the intest inal  ve s se l s  by. 7oa.~c 

In the initial s tage of hypotcnsion, a ce r t a in  
volume of blood passed  f rom the an ima l ' s  a r t e r i a l  
s y s t e m  into the r e s e r v o i r  until a s ta te  of equi l ibr ium 
was es tab l i shed ,  which lasted for  1.5-2.5 h, a f te r  
which blood ag'ain began to leave the r e s e r v o i r .  The 
g r e a t e s t  inc rease  in vascu la r  r e s i s t a n c e  was ob- 
s e rved  both in the initial  period and in the t e rmina l  
s ta te ,  when all the blood f rom the r e s e r v o i r  had r e -  
en te red  the dog'S blood v e s s e l s .  This p r o c e s s  was 
not r e f l ec ted  in Table 1, which gives the mean values,  
because  changes  in vascu la r  r e s i s t a n c e  developed at 
d i f ferent  t imes  in di f ferent  an imals ,  and when the 
mean  values  were  calculated these  did not appea r .  
They a r e  m o r e  m a r k e d  when each e x p e r i m e n t  is con-  
s ide red  s e p a r a t e l y .  

An expe r imen t  in which a dog ' s  supe r io r  m e s e n -  
t e r i c  a r t e r y  was per fused  is i l lus t ra ted  in Fig.  1. To 
mainta in  the a r t e r i a l  p r e s s u r c  (Fig. 1, IV), 150 ml  of 
blood diluted with an equal volume of phys io lo~ca l  
sa l ine  was introduced into the r e s e r v o i r .  As a resu l t ,  
the a r t e r i a l  p r e s s u r e  ro se  to a a  assig~ned tevel  but 
the perfus ion p r e s s u r e  fell  ~ .d  became  lower than 
immed ia t e ly  ,~ter  the blood los s .  After  4 h the di-  
luted blood lef t  the r e s e r v o i r  and the a r t e r i a l  p r e s -  
su re  r o s e  again,  but did not r each  its level  3 h a f te r  
blood los s .  The ch~mges in perfusion p r e s s u r e  during 
lower ing of the a r t e r i a l  presstLre in the s tage of de-  
compensa t ion  and  in r e sponse  to the en t ry  of diluted 
blood into tile a n i m a l ' s  vascu la r  s y s t e m  demons t ra t e  
that  .the control  of a~-terial tone remained  intact even 
in the late s tage of h32aotension. 

In e v e r y  ease  when the t e s t  of t n t r a - a r t e r i a l  in- 
ject ion of smal l  vo lumes  of blood or  blood subst i tutes  

was c a r r i e d  out, a d e p r e s s o r  r eac t ion  in fact  was obsc rved  (-Fig. 2), while in the case  of dilution of the blood 
and a d e c r e a s e  in its oxygen capac i ty ,  the per fus ion  p r c s s u r e  r ema ined  at l o w e r  levels  although the a r t e r i a l  
p r e s s u r e  was the s a m e .  A rapid  d e c r e a s e  in the r e s i s t a n c e  of the m e s e n t e r i e  ve s se l s  in r e sponse  to blood 
h ' ans fus ion  dur ing hypotension was obse rved  by Selkurt  and Brechc r  [8]. 

Meanwhile,  dur ing hypotenston,  the p r eSso r  caro t id  re f lex  showed the fluctuating changes desc r ibed  
by  I .  R.  Pe t rov  and his school ,  indicating d i s tu rbance  of cen t ra l  control  of the blood v e s s e l s  WQg. 3}. 

To d e t e r m i n e  the ro l e  of the nervous  s y s t e m  in the regula t ion of va scu l a r  tone, expe r imen t s  were  c a r -  
r i ed  out dur ing which both f e m o r a l  a r t e r i e s  were  per fused ,  one of the a r t e r i e s  having bccn isolated f rom 
the ne rvous  s y s t e m  by  divis ion of the f e m o r a l  and sc ia t ic  ne rves  and a lso  of the a r t e r y  i t se l f .  The level  of 
the per fus ion  p r e s s u r e  a f t e r  denerva t ion  was taken as  the initial p r e s s u r e  for the denervated  l imb (Table 2). 

As Table  2 shows,  the reac t ion  Of the blood v e s s e l s  of the dencrva ted  l imb was smncwhat  s m a l l e r  im-  
med ia t e ly  a f t e r  blood loss ,  when it was indist ing~ishablc f r o m  norma l ,  and in the t e rmina l  s tage it ac tual ly  
exceeded  nornml .  The d e p r e s s o r  r eac t ion  to i n t r a - a r t e r i a l  injection of blood and blood subst i tu tes  remMncd 
a f t e r  denerva t ion .  The d e c r e a s e  in perfus ion p r e s s u r e  h~ the v e s s e l s  of the normal  and denerva ted  l imbs  
a f t e r  inject ion of 50 ml  blood is s h o ~  in Fig .  2, 11. In the cou r se  of hyp0tension it is evident  that the nervous  
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reg-ulation is disturbed, and humoral influences on the blood vessels become predon~.inant. As shm~l~ pre- 
viously [91, hypotension and acidosis in shock act fis a stimulus for an increased secretion of adrenalin, 
Renin is also of great importance in the development and maintenance o{ vascular spasm [G], Other bio- 
lo~eaIly active substaneds appearing in the tissues naturally als0 play a role in these changes. 
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