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The cardiac output during muscular exercise was determined with a 
method previously described (BRA~])I6). 

26 experiments were carried out on two healthy subjects, B. R. and 
L.V., respectively 27 and 23 years old; they had a mild sport activity 
and they were familiar with experiments on respiration. 

In  each experiment the subject walked, or run, on a treadmill; when 
the steady-state was reached, 40--50 litres of expired air were collected 
in a Tissot spirometer having a capacity of 180 1 and a sensitivity of 
1.8 1/cm; this was analized for 0 2 and CO 2 to determine l?o " and I?cQ. 
PAco~ was continuously recorded by an infrared COe meter. 

From the rate of increase of PAco~ during a successive period of 
rirespiration in a 1 1 capacity rubber bag, lasting not longer than 10--15 
sec, the value of the artero-venous difference was calculated; dividing 
this value by R0 the correspondent value for oxygen was obtained. 

The artero-venous difference has been found to be approximately a 
linear function of the energy consumption: 

A Vo = a + b l ) o ~  (1) 

the values of a and b for each subject were calculated by means of the 
least square method (Fig. 1 and 2). 

Since the cardiac output,  (~, is 

?o~ (2) 
Q --  A--Vo~ 

substituting from (1) we obtain 
l?o, 

Q - a + b ?o~ (3) 

The cardiac output,  calculated from A- -Vco  ~ values is therefore an 
hyperbolic function of the oxygen consumption, as it can be seen in 
Fig. 3 and 4. 
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In  all the experiments the heart  rate was measured by  means of an 
electrocardiograph, and the stroke volume found; in the subject L. V. 
this increases with the oxygen consumption up to 20--25 ml/kg,  rain 
while under more intense exercise it remains constant (Fig. 5). 
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Fig. 1 Fig, 2 
Fig. 1. Artero-venous difference in 02 (~2) against  02 consumption ('Vo2, ml]kg) in subject 

B. R. (weight 64 kg, height 1,67 m) 
Fig. 2. Artero-venous difference in O2 (z~o~) against  O~ eonsLmaotion (Vo2, ml/kg) in subject 

L. V. (weight 82 kg, height 1,78 m) 
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Fig. 3. Cardiac output  (minute volume, Q, l/rain) against Oz consumption (Vo~, ml/kg) in 
subject B. R. 

Fig. 4. Cardiac output  (minute volume, Q, l/rain) against  02 consumption (Vo2, ml/kg) in 
subject L. V. 
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Also in ' the  subject B. 1~., whose O 2 consumption was never higher 
than 16 ml/kg, rain, the stroke �9 increased with metabolism (Fig. 6); 
In  both cases the maximal increase is ~bout 50 % of the resting condition. 

The o ld  data of�9 literature concerning the relationship between 
stroke volume and work, obtained with indirect methods of determination, 
b~sed on the rate of absorption of acetylene, o n  dye "~luti0n, or on the 
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Fig. 5 " Fig. 6 
Fig. 5. Stroke volmne, ml, against O~ consumption (Vow, ml/kg) in subject L. V. 
Fig. 6. StrGke volume, ml, against 0~ consumption (Vo2, ml/kg) in subject ]3. R. 

CO 2 pressure of alveolar air Supposed in equilibrium with the mixed 
Venou s blood, suggest that  the stroke volume increases appreciably with 
the  increase of metabolism (K~0c~ and LIND~ARD, 1912 la, BOOTHBy, 
19155, BOOK et al., 1928 a, Cg~ISTE~SE~, 1931 s, 9); other authors however 

~nd 192212, ASM~SSE~ and NIELSEN, 19521, 2), (DouGLaS I . H~_~DA~E, 
using the same methods, found that  the strol~e volume remains constant 
all through a large, metabolic:range. HENDEI~SON et M., 1927.! 4, found 
that  in subjects athletically trained the stroke volume increasedwith 
metabolism, in normal remained constant.  

The values of the stroke volume obtained with cardiac catheterism 
do not seem to show large 'changes with the increase of energy consumption 
(DExmE~ et al., 19511~ DO NALD et al., 1955 tl, BA~ATT-BoYEs and 
Woo]), 19573, and others 16) ; h~wever also with this method a significant 
increase of the stroke volume, has been found (WARNE~ e t  al., 195317, 
CI~APMJtN et al., t9547, FI~EEDMAN et al., 195513). 

I t  is not possible to evaluate how much of these ~ffereneies may be 
accounted for by errors of measurement and ho w much is due to individual 
difference. I t  seems likely, however, tha t  the stroke volume increases 
during maximal Work; considering that  the oxygen consumption Can 
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increase 12 fold while the  hea r t  r a te  increases on ly  3 fold, on the  assump-  
t ion  t h a t  the  s t roke  vo lume is cons tant ,  the  a r te ro-venous  difference in 
oxygen,  which in  res t ing condi t ions  is a b o u t  4.5 ml~ would  increase 
4 fold, i. e. should  rise to  18 ml~ and  the  s a t u r a t i o n  of  mixed  venous 
b lood should  be r educed  to  less t h a n  10% : the  h ighes t  values  of  A V 
difference ob ta ined  wi th  bo th  the  dye  dilution, and  the  ace ty lene  methods ,  
dur ing  s t renuous  muscu la r  exercise,  requir ing  3 I /min of oxygen  in t ake  
and  involv ing  a hea r th  ra te  of  173, was 14.5% (As~ussEN and  NI]~LSEXl), 
and  this  is stil l  far  f rom the  va lue  as ca lcula ted  above.  

There  are no d a t a  of A - - V  difference ob ta ined  wi th  d i rec t  F i c k  me thod  
dur ing  m a x i m a l  work.  Also b y  ex t r apo l a t i on  of  the  d a t a  o b t a i n e d  wi th  
this  m e t h o d  b y  DONALD e t a l .  l i ,  i t  appears  l ike ly  t h a t  the  figure of 18 ml~ 
is too  high a va lue  even a t  m a x i m a l  work;  i t  follows t h a t  some increase 
of  s t roke vo lume m u s t  t ake  place to account  for the  observed difference. 

S u m m a r y  

Arte ro -venous  difference and  cardiac  o u t p u t  have  been inves t iga ted  
on two h e a l t h y  subjects  a t  work  and  re la ted  to the  oxygen  consumpt ion.  

The A - - V  difference in oxygen  has  been found  to be a p p r o x i m a t e l y  
a l inear  funct ion  of  the  energy  consumpt ion ;  cardiac  o u t p u t  is, therefore,  
an hyperbo l i c  funct ion  of  metabo l i sm.  

Cardiac  s t roke  vo lumeincreases  somewha t  wi th  increasing me tabo l i sm : 
a fu r the r  increase of  metabo l i sm,  f rom ab.  1/3 of the  m a x i m u m ,  takes  
place w i thou t  a fur ther  increase  of  the  s t roke  volume.  
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