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CARDIAC OUTPUT AND OXYGEN UPTAKE AFTER  
HAEMORRHAGE IN CONSCIOUS DOGS UN DER  
SYMPATHETIC ALPHA-RECEPTOR BLOCKADE

B y

S. N a g y , Klára T á r n o k y  and G. P e t r i

IN S T IT U T E  O F  E X P E R IM E N T A L  S U R G E R Y  A N D  F IR S T  D E P A R T M E N T  O F  S U R G E R Y , 
U N IV E R S IT Y  M E D IC A L  S C H O O L , S Z E G E D

(R ece iv ed  M ay 6, 1966)

In  conscious dogs a r te r ia l  p re ssu re  w as low ered to 30 m m  H g  b y  b leed in g . T his 
p ressu re  was m a in ta in ed  for 60 m in  an d  th e re a f te r  all the  blood w as re in fu sed . C ardiac 
o u tp u t ,  blood p ressu re , oxygen  c o n te n t  o f a r te r ia l  and  m ixed venous b lo o d  w ere d e te r­
m ined  before an d  a f te r  th e  b leed in g  a t  in te rv a ls  o f one hour, a lto g e th e r  s ix  tim es. 
O ne m g/kg of p h en o x v b en zam in e  g iven  to g e th e r  w ith  the  reinfusion  d e c re a sed  blood 
p ressu re  w hen co m p ared  to  th e  co n tro l (u n tre a te d )  group. T here  w as u su a lly  no  d if­
fe rence  in  card iac  o u tp u t ,  p e r ip h e ra l re sis tan ce , a rte rio -v en o u s o x y g e n  d ifference  
a n d  oxygen co n su m p tio n  b e tw een  th e  tre a te d  an d  co n tro l groups. T he m o r ta l i ty  w ith in  
48 h o u rs  was 8/12 in th e  co n tro l g ro u p  an d  12/12 in th e  trea te d  g ro u p .

in previous experim ents ( N a g y  et al. 1965b) the influence o f  sym p ath etic  
alpha-receptor blockade by phenoxybenzam ine on the ad ju stm en t of the  
circulation to acute blood loss was exam ined. In these experim ents resting  
cardiac output dim inished, arterio-venous oxygen difference increased, b leed­
ing volum e at a given blood pressure decreased. In the present experim ents  
alpha-receptor blockade was established only after the bleeding, sim u ltan eou sly  
w ith the reinfusion o f b lood and the effects on cardiac output, oxygen  transport 
and survival have been exam ined. The experim ents were done in conscious 
dogs to  elim inate the eventual d isturbing effect o f general anaesthesia .

Methods

T h e  ex p erim en ts  w ere pe rfo rm ed  on 24 dogs (m ean  body w eight, 17.6 kg). T h e  an im als  
ly in g  on th e ir  back were loosely  b o u n d  to  th e  o p e ra tin g  tab le . W hile d iv e rtin g  th e i r  a tte n tio n  
by  p e tt in g ,  th e  fem oral vessels on b o th  sides w ere exposed u n d e r sterile  co n d itio n s  fro m  sm all 
incisions a f te r  local p rocaine  in f il tra tio n . T w o c a th e te rs  w ere in tro d u ced  in to  th e  a o r ta ,  one 
in to  th e  r ig h t a tr iu m  and  one in to  th e  p u lm o n a ry  a r te ry . F o r th e  la t te r  p u rpose  a sp ec ia l c a th e ­
te r  (S ilas tic  373 .040" X  .085" Dow C orning C orp.) w as u sed , w hich has th e  a d v a n ta g e  th a t  
ow ing to  i ts  lig h t w eigh t an d  f lex ib ility  i t  is gu ided  by  th e  blood stream  its e lf  in to  th e  p ro p er 
d irec tio n  a n d  th u s  o b v ia tin g  th e  necessity  o f len g th y  m an ip u la tio n  or X -ra y  c o n tro l  fo r th e  
c a th e te r iz a t io n  of th e  p u lm o n a ry  a r te ry . T h e  p o sitio n  of th e  c a th e te r  was checked  b y  co n n ec tin g  
it  to  a p ressu re  tran sd u ce r an d  m an o m e te r a n d  ob se rv in g  th e  pu lm o n ary  a r te ry  p re ssu re  curves. 
T h e  c a th e te r s  were used for p ressu re  m ea su re m e n ts  (for d e ta ils  see N a g y  et al. 1965a), b leed ing , 
blood sam p lin g  and in d ic a to r  in jec tio n . A fte r  in tro d u c in g  th e  ca th e te rs  the  a n im a ls  w ere given 
5 m g/kg  h e p a rin  i. v. F o r th e  d e te rm in a tio n  o f ca rd iac  o u tp u t ,  0.3 per cen t so lu tio n  of E va n s  
b lue  w as used . The dye (a p p ro x im a te ly  3 m l) w as filled  in to  th e  r ig h t a tr ia l c a th e te r ;  th e  syringe 
co n ta in in g  th e  dye was w eighed  to g e th e r  w ith  th e  dye and  also a fte r  filling  th e  c a th e te r .  T he 
d y e  w as in jec ted  by a su d d en  flu sh  w ith  sa line  a f te r  w hich 0.2 ml a rte ria l b lood  sa m p le s  were 
ta k e n  e v e ry  second in cadence  w ith  a m etro n o m e, for 24 sec. T he c o n ce n tra tio n  o f  th e  dye
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in  th e  sam p les a fte r d ilu tio n  w ith  sa lin e  and  c en trifu g a tio n  w as d e te rm in e d  w ith  a sp e c tro p h o to ­
m e te r  (N a g y  et al. 1964b). T h e  d escen d in g  lim b of th e  d i lu t io n  cu rv e  was e x tra p o la te d  ex p o ­
n e n tia l ly  an d  cardiac  o u tp u t  w a s  calcu la ted  from  th e  s ta n d a r d  H am ilton  eq u atio n .

T o g e th e r w ith  each  c a rd ia c  o u tp u t  d e te rm in a tio n  th e  oxy g en  c o n te n t o f a r te r ia l  an d  
m ix e d  v e n o u s  (p u lm o n ary  a r te r y )  b lood was d e te rm in e d  b y  th e  m an o m etric  m eth o d  of Van  
S l y k e  a n d  N ell  (1924). O x y g e n  consum ption  w as c o m p u te d  b y  m u ltip ly in g  th e  t  alue fo r 
a r te r io -v e n o u s  oxygen d iffe re n ce  w ith  th a t  for c a rd iac  o u tp u t .

T h e  experim en ta l p ro to c o l  w as as follows. A fte r  th e  c o n tro l card iac  o u tp u t  a n d  oxygen  
d e te rm in a tio n s  th e  an im als  w ere  b le d  in to  a reservo ir (fo r d e ta i ls  see N agy  et al. 1964a) u n til  
m e a n  a r te r ia l  blood p re ssu re  h a d  low ered  to 30 m m  H g. T h is  p re ssu re  was m a in ta in e d  w ith  th e  
re s e rv o ir  fo r 60 m in a f te r  w h ic h  a ll  b lood in  th e  re se rv o ir  w a s  re tu rn e d  to  th e  an im al b y  in t r a ­
v e n o u s  in fusion . Tw elve a n im a ls  w ere  given 1 m g/kg  of p h e n o x y h en z am in e  to g e th e r  w ith  th e  
re in fu s io n . Tw elve an im als  re c e iv e d  on ly  the  so lven t o f  th e  d ru g  (fo r de ta ils  of p h e n o x y h en z ­
a m in e  a d m in is tra tio n  see N a g y  et al. 1965b). T h ir ty  m in u te s  a f te r  th e  re infusion , c a rd iac  o u tp u t  
a n d  b lo o d  oxygen c o n te n t w ere  a g a in  de term ined  a n d  th e s e  d e te rm in a tio n s  w ere re p e a te d  a t  
in te r v a ls  o f one hour fo u r t im e s  ( i.e . six tim es d u rin g  th e  ex p erim en t).

A fte r  th e  ex p erim en t th e  c a th e te r s  were re m o v ed , th e  w o u n d s su tu red  a n d  th e  an im als  
o b se rv e d  fo r 48 hours. F o o d  a n d  w a te r  were offered w ith o u t  re s tr ic tio n . T he re su lts  w ere a n a ­
ly se d  s ta tis t ic a lly  by  th e  m e th o d s  of W i i .coxon  et al. (1963).

Results

The small surgery w as tolerated well b y  th e  anim als. In a few  cases there 
w as som e excitem ent b u t i t  could be e ffectively  d ealt w ith b y  fondling. After 
th e  bleeding had begun th e  animals showed no excitem en t till the end o f the  
exp erim en t.

The results o f m easurem ents are show n in  figures. Fig. 1 shows th at  
b lo o d  pressure after th e  reinfusion  was lower in  th e  treated  group than  in the  
co n tro l group.

Cardiac output m easurem ents are show n in  Fig. 2. E xcept for the third  
determ ination  cardiac o u tp u t was not sign ifica n tly  different sta tistica lly  in

F ig . 1. B lood pressure, m m  H g . F ille d  circles show  v a lu e s  fo r  th e  co n tro l g roup , e m p ty  circles 
th o s e  fo r  th e  trea te d  g ro u p . T h e  h e ig h t  of the  b a rs  show s m e a n  v a lues. B leeding a n d  re in fu s io n  

took  p lace b e tw e e n  th e  f ir s t  and  second  p a ir s  o f  b a rs  from  th e  le f t
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Fig. 2 . C ard iac  o u tp u t, 1000 m l/m in. F o r  fu r th e r  e x p la n a tio n  see F ig . 1

Fig. 3. P e r ip h e ra l re sistance, d y n e  • sec • c m -r\  F o r  f u r th e r  ex p lan atio n  see F ig . 1
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F ig . 4. A rterio -venous oxy g en  d ifference, m l/100 m l. F o r  fa r th e r  e x p la n a tio n  see F ig . 1

F ig . 5. Oxygen c o n su m p tio n , m l/m in /kg . F o r  fu r th e r  ex p lan atio n  see F ig . 1
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the tw o groups, although m ean values were lower in the treated group. The 
difference in the case o f the third determ ination was significant on ly  at the 
5 per cent level.

There was no sign ificant difference in peripheral resistance betw een  the 
two groups at any tim e ( F ig .  3 ) .  Sim ilarly, arterio-venous oxygen difference 
was not different in the tw o  groups (F ig . 4 ) .

O xygen consum ption in the treated group was sign ifican tly  lower at the 
third determ ination h u t no sign ificant difference betw een the tw o groups 
was found at the other determ inations (F ig .  5 ) .

In the control group 4 out o f 12 animals were a live after 48 hours. In the  
treated group none o f th e  12 anim als were alive at th a t tim e.

Discussion

Several investigators have found th a t alpha-receptor blockade b y  phen­
oxybenzam ine is p rotective against different ty p es  o f shock. (For a review  
of the literature see N i c k e r s o n  and G o u r zis  1962.) The m echanism  of the  
effect is not entirely clarified but the predom inant v iew  is that it is in some 
w ay related to the inh ib ition  o f vasoconstriction w hich develops in th e  course 
of shock. This vasoconstriction  is a com pensatory m echanism  in the case of 
acute blood loss or traum a w hich precedes shock. Its  inhibition at th is  tim e 
is harm ful rather than beneficia l ( L e v y  et al. 1954; N i c k e r s o n  and C a r t e r  
1959; N a g y  et al. 1965b). In the present experim ents therefore the b lockade  
was established only after bleeding and reinfusion had been term inated , essen­
tia lly  under norm ovolaem ic conditions. It was rem arkable that w hile in our 
previous experim ents alpha-receptor blockade caused the cardiac ou tp u t of 
norm al, unbled dogs to  decrease, in the present experim ents cardiac output 
did not decrease sign ificantly . A possible explanation  m ay be, in addition  to  
the lack o f general anaesthesia , th at some com pensatory m echanism s operate 
in post-haem orrhagic, norm ovolaem ic shock to  m aintain cardiac output, 
counteracting thus the cardiac output decreasing effect o f phenoxybenzam ine. 
This la tter  effect o f phenoxybenzam ine m ay probably be explained b y  the 
blockade o f alpha-receptors in the venous system  ( K a i s e r  et al. 1964).

From  the observed difference in survival betw een our tw o groups of 
anim als we do not wish to  draw any far-reaching conclusions as to the protec­
tive  value of phenoxybenzam ine-induced sym pathetic  blockade in shock. 
H ow ever, the blockade did not increase survival under our experim ental con­
ditions. W e think it probable th a t in addition to replacem ent of the lo st blood  
and the application o f the b lockade in the proper tim e, other factors are neces­
sary to achieve a favourable effect on survival.
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