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Changes in ~"arious p a r a m e t e r s  of the hemodynamics  and gas exchange taking place  during 
lethal  shock caused by burns cover ing  30% of the body su r f ace  were  r eco rded  s imul taneous ly  
in e x p e r i m e n t s  o n r a b b i t s .  The sharp  f a l l i n t h e  minute  volume of the hea r t  during the f i r s t  
minutes  a f t e r  burn t r a u m a  was shown to depend both on a dec rea se  in the venous ret / i rn and 
on card iac  fa i lure .  In mos t  cases  the a r t e r i a l  p r e s s u r e  fal ls  sharp ly  only in the t e rmina l  
s ta te .  It is postula ted that the oxygen consumption falls  because  of a dec rea se  in the minute 
volume of the hea r t .  The ac t iv i ty  of the v a s o m o t o r  and r e s p i r a t o r y  centers  is not diminished 
until the t e rmina l  s ta te .  

Both in an imals  [4, 6, 7, 9-11] and in man  [12, 13] ,burn shock is accompanied  by a sha rp  dec rease  in 
the minute volume of the hea r t  (MVH) and the oxygen consumption [4, 7] and a dec rease  in the c i rcula t ing 
volumes of p l a sma  (CPV) and blood (CBV). According to some w o r k e r s ,  CBV and MVH dec rease  s imu l -  
taneously [13]; according  to o thers ,  the dec rea se  in MVH is not due to the fall in CBV [6, 8-10]. In burn 
shock the a r t e r i a l  p r e s s u r e  (AP) falls  and they r ega rd  this as an indicator  of the s eve r i t y  of the shock [2, 3], 
whereas  o ther  w orke r s  do not cons ider  that lowering of the AP is cha r ac t e r i s t i c  of burn shock [1, 6, 8, 10]. 

By measu r ing  var ious  p a r a m e t e r s  of the hemodynamics  and gas exchange s imul taneously ,  the w r i t e r  
a t t empted  to es tabl i sh  the p r e s ence  or  absence  of co r re l a t ion  between the i r  changes during the development  
of burn shock. 

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

The exper imenta l  an imals  were  29 rabbi ts  anes the t ized  with ure thane  (1 g /kg ,  intravenously)  and 10 
rabbi ts  s e rved  as the control  group. T r a c h e o t o m y  was p e r f o r m e d  and ca the te rs  inse r ted  through the jugular 
vein into the r ight  a t r ium,  into the f em ora l  vein, and the f emora l  a r t e r y .  A " the rmoprobe"  Ca ca the te r  
ca r ry ing  a t he rmi s to r )  was introduced via the caro t id  a r t e r y  into the ao r t a .  Simultaneous m e a s u r e m e n t s  of 
MVH, AP, the cent ra l  venous p r e s s u r e  (CVP), the 02 consumption,  the minute volume of r e sp i r a t ion  (MVR), 
CPV, the hema toc r i t  index and hemoglobin (Hb) concentra t ion  in the a r t e r i a l  blood, and the t e m p e r a t u r e  of 
the blood in the aor ta  began 10-15 rain l a te r .  The ECG was r eco rded  a t  the s ame  t ime .  Measuremen t s  
were  made eve ry  30 rain (CPV, hema toc r i t  index, and Hb every  heur) fo r  5 h. 

Af ter  the original  m e a s u r e m e n t s  the su r face  of the abdominal  wall  and thighs of 19 rabbi ts  was burned 
with boiling wa te r  for  1 rain. Measuremen t s  were  made immedia te ly  a f t e r  (1-3 rain) burning, again a f t e r  
10-15 and 30 rain, and the rea f t e r  hourly until the an imals  died. 

MVH and the cent ra l  blood volume were  calcula ted f rom the t e m p e r a t u r e  dilution curve ,  for  which 
purpose  1.5 ml  of Ringer ' s  solution, cooled to 1-5 ~ C, was injected into the right a t r ium.  The CVP was 
r eco rded  in the right a t r i um by means  of a wa t e r  m a n o m e t e r .  AP was recorded  in the f emora l  a r t e r y  with 
an e l e c t r o m a n o m e t e r .  The CPV was de te rmined  by the dye (Evans'  Blue) dilution method, 10 rain a f t e r  
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TABLE 1. Changes in Pa rame te r s  of Hemodynamics and Respiration 
in Rabbits with Burn Shock (M ~m) 

Parameter 
determined 

Initial data 

MVH (in mltmin/kg body weight) 165 ~ 7 

Systolic volume (in ml/kg body weight) I 0 ,63 ~ 0,04 
AP (in m m  Hg) I 9 2 ::k 3 
Peripheral resistance (in dynes.see.cm "s) I 17. 10 a ~ 0,9 �9 10~ 
O: consumption (in mi/min)  ] 22.4 ~: ! 
MVR (in liters/min) ] 0, 83 :t: 0,05 
Central blood volume I 52 ~ 4 
CPV 124~9  
CBV ( n ml) 208=i: I 1 

After burning (in % of initial) 

imme- ll~ l s l . ,  I min30 I diately I rain l h  2h  

60zi:8 ]i5-I-5 38:jz3 137::I:3 30-}-3 

7o:l:13l,I8:1:~ 14~-:i:5 Is9~4 136~4 
95~3 169:i:4 1705:3 163:J:4 172:~4 
166:~ 2I llS0:t: 261174 h: 161182~ 151266~26 
88=t=3 173~5 77~:4 5 9 ~ 4  5 3 ~ 5  
136=1= t01124-k 101133~ 9 1116_q: 12t107~: I1 
86::[=4 8 6 ~ 6  175~4 170~5 167~12 
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Fig. 1. Changes in pa ramete r s  of hemo-  
dynamics in response  to lethal burn 
t rauma in two (a and b) different exper i -  
ments .  Absc issa ,  t ime af ter  burning (in 
rain); ordinate,  changes in MVH, CBV, 
and AP (in % of initial values) and CVP 
(in mm water):  1) MVH; 2) AP; 3) CVP; 
4) CBV. 

injection. CBV was calculated. The 02 consumption was 
determined continuously by means of a closed system with 
absorption of CO2 and an automatic supply of 02. The MVR 
was determined by a gas meter. The coefficient of oxygen 
utilization (COU) was calculated. The peripheral ~ascular 
res is tance  was calculated f rom the values of MVH and AP.  
The systol ic  value of the heart  also was calculated. 

EXPERIMENTAL RESULTS 

During the f i rs t  few hours of the exper iment  the p a r a m -  
e ters  investigated changed only negligibly in the control  
animals .  

Of the 19 animals receiving burns three died the first 
30 rain. The longest period of survival after burning was 5 h 
(3 rabbits).  

The mean  changes in the pa ramete r s  of the hemodynam- 
ics and gas exchange ar is ing af ter  burning a re  given in 

Table 1. Changes in the pa ramete r s  of the hemodynamics in response to burn t rauma in par t icu lar  exper i -  
ments are  i l lustrated in Figs.  1-3. It will be c lear  f rom Table 1 that MVH fell sharply  during the f i r s t  few 
minutes af ter  burning and thereaf te r  it continued to fail gradually.  The systol ic  volume fell a lmost  as 
sharply.  Meanwhile CPV and CBV 10-15 rain af ter  burning on the average  were still  close to normal .  
They fell later ,  but by a much l e s s e r  degree than MVH. In cer ta in  experiments ,  however,  there was a 
marked decrease  in CPV and CBV during the f i rs t  minutes af ter  burning (Figs. lb and 2). The central  
blood volume fell paral lel  with CPV. 

Of the 11 cases  in which the CVP was measured ,  in 4 it was unchanged or  changed only ve ry  slightly 
af ter  burning, in 3 it fell, and in 4 rabbits it rose  sharply,  but 3 of them died during the 30 rain af ter  burning. 
One of these experiments  is i l lus t ra ted in Fig.  la .  Together  with the sharp r i se  in CVP there  was also a 
very  marked  decrease  in MVH, the AP fell rapidly,  and the animal died. This suggests  the rapid develop- 
ment  of hear t  fai lure as a resul t  of burn t r auma.  Another case ,  a lso with a sharp  inc rease  in CVP immedi -  
ately af ter  burning is i l lustrated in Fig.  lb.  In this case the increase  in CVP was observed  despite a 
marked  fail in CBV during the f i r s t  minutes af ter  burning. Meanwhile AP  felI fa i r ly  sharply .  These find- 
ings suggest  that this rabbit  also developed hear t  fai lure which was followed by a dec rease  in CBV and also 
by a decrease  in MVH immediately  af ter  burn t rauma.  

An experiment  in which a paral le l  decrease  in CBV, CVP, and MVH was observed immediately af ter  
burning. Presumably  the main cause of the decrease  in MVH in this rabbit  was the decrease  in CBV. An 
experiment  in which CPV and CVP did not falI a f te r  burning and AP was maintained at a fair ly high level 
is shown in Fig.  3; despite these facts ,  MVH fell sharply  after  burning.  As the wr i te r  showed previously,  
in such cases  special  measures  mus t  be taken to detect the decrease  in venous tone responsible for  the 
diminution of the venous re turn.  This explains the absence of an increase  in CVP and it masked the hear t  
fai lure.  In such cases  the fall in MVH was due to the simultaneous effect of severa l  different factors~ 

It will be c lear  f rom Table 1 that the AP,  a f te r  falling 10-15 min af ter  burning, remained approxi-  
mately constant  until the terminal  s tate.  The per iphera l  res i s tance  rose  sharply.  This points to 
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Fig.  2. Changes in p a r a m e t e r s  of hemodynamies  in r e sponse  to lethal  burn  t r a u m a .  
Legend as in Fig.  1. 

Fig.  3. Changes in p a r a m e t e r s  of hemodynamics  in r e sponse  to lethal  burn t rauma" 
CVP r e m a i n d e r  of legend as  in F ig .  1. 

4 )  

p r e s e r v a t i o n  of the ac t iv i ty  of the v a s o m o t o r  cen te r  until the an ima l s  died. The O2 consumption fell  para l le l  
with the dec r ea s e  in MVH. MVR, which was i nc rea sed  immed ia t e ly  a f t e r  burning,  r emained  high for  1 h and 
then s t a r t ed  to fal l .  Against  the background of the inc reased  MVR, COU feII by a g r e a t e r  degree  than the 
O2 consumption,  evidence of re la t ive  hypervent i la t ion  and main tenance  of the exci tabi l i ty  of the r e s p i r a t o r y  
cen te r .  The h e m a t o c r i t  index and Hb concentra t ion  in the a r t e r i a l  blood r ema ined  on the ave r age  c lose  to 
no rma l .  The re  was a mean  r i se  of 0.6 ~ C in the blood t e m p e r a t u r e  immedia te ly  a f t e r  burning followed by 
a fall  of 4 ~ C 3 h a f t e r  burning. 

It can be concluded f rom these  resu l t s  that in m o s t  cases  AP does not re f lec t  the s eve r i t y  of burn 
shock, for  it  does not fall sha rp ly  until the t e rmina l  s ta te .  The sha rp  fall  in MVH during the f i r s t  few 
minutes  a f t e r  burning is a c h a r a c t e r i s t i c  f ea tu re  of burn  shock. The causes  of the fal l  in MVH may  be t h e  
reduced  venous re tu rn  as  a r e su l t  of the d e c r e a s e  in CBV or  in the venous tone and a lso  the hear t  fa i lu re ,  
All these f ac to r s  probably  contr ibute but the i r  role  in each individual case  may  differ .  In some cases  the 
fall  in MVH can be c l ea r ly  picked out as the main  c a u s e .  
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