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ABSTRACT 

In animals deeply anaesthetized with fentanyl and nitrous oxide the artierial blood pressure 
and heart rate were increased using dopamine, atropine, electrical pacing and phenylephrine 
in order to study the accompanying change in whole body oxygen consumption. Seven dogs 
(16-24 kg) were anaesthetized with fentanyl I lag" kg -t" rain -t.  After completing instrumen- 
tation a dopamine infusion was started at a rate of 39 lag. kg -~ �9 rain -t. After the mean blood 
pressure reached 18.6 kPa the infusion was reduced to 10 lag" kg -t ' min -~ and maintained for 
10 minutes. After waiting 45 minutes an infusion of atropine 20 ~tg. kg -t - min -t was started 
and when the heart rate reached 120 b/rain the infusion was slowed to 1.25 lag. kg -t - rain-t and 
maintained for 10 minutes. Twenty-five minutes later the heart rate was increased to 150 
beats/rain and maintained at that level for I0 minutes using electrical pacing. The pacing was 
removed and an infusion of phenylephrine 5 lag' kg -t" min -I was started. When the blood 
pressure reached 21.3 kPa the infusion was reduced to 2.5 Hg' kg -j ' min-t and maintained for 
10 minutes. The results show increases in oxygen consumption of 14 percent with dopamine, 
19 per cent with atropine, 16 per cent with pacing, and 14 per cent with phenylephrine. All 
changes were significantly different from the control values. The magnitude of change in 
whole body oxygen consumption was best predicted by either the cardiac output x blood 
pressure product or by the cardiac output alone. 
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GENERAL ANAESTHESIA is usually associated 
with a decrease  in whole body oxygen consump-  
tion (Vo2). ~-7 A significant part  of this reduct ion 
in ~'o2 has been at t r ibuted to decreases  in 
myocardial  work and myocardial  oxygen con- 
sumpt ion (MVo2). 6,7 As two main de te rminants  
of  M~oz are arterial  blood pressure  and heart  
rate, it seems that  if blood pressure  or hear t  rate 
are raised pharmacological ly  during anaes thes ia ,  
that  Vo2 will increase.  In this s tudy both  arterial 
blood pressure  and heart  rate were increased 
using dopamine,  atropine,  electrical pacing and 
phenylephr ine  and the accompanying  changes  in 
the whole b o d y V o :  were measured.  

METHODS AND MATERIALS 

Seven mongrel  dogs (16-24kg)  were anaes-  
thet ized with th iopentone  25 mg. kg -~ in t raven-  
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ously,  had the i r  t r achea  in tubated  with a cuffed 
t racheal  tube and were vent i la ted with 50 per  cent  
ni trous oxide with oxygen.  Mechanical  ventila- 
t ion was adjusted to maintain arterial  Pco2 at 5.05 
4- 0.67 kPa (38 + 5 torr). A con t inuous  in t raven-  
ous infusion of  fentanyl  ci t rate  0.005 per  cent  at  
the rate of  1.0 lag kg -~- min -I was s tar ted in an 
extremity .  This infust ion rate was sufficient 
to produce  a deep level of  anaes thes ia .  Muscle 
re laxat ion was ach ieved  using an in t ravenous  
bolus of  succinylchol ine  1 m g . k g  - t  followed 
by a con t inuous  infusion of  succinylchol ine  
0.01 mg.  kg -~ �9 min - t .  Oesophageal  t empera tu re  
was moni tored with a Yellow Springs tempera-  
ture p robe  placed in the lower  half  of the 
oesophagus .  Tempera tu re  was mainta ined at 39 
4- I~ using warming  blankets .  A 20 gauge 
ca the te r  was passed  through a small groin inci- 
sion into the femoral  ar tery and th readed  to the 
aort ic arch  for b lood pressure  and blood gas 
monitoring.  Cardiac  ou tpu t  was calculated by 
compute r  analysis  of  the  centra l  arterial  p ressure  
wave as descr ibed by Warne r  and co-workers .  8 
Arterial  Pco2, [H +] (pH) and  Poz, were measured  
with a Radiometer  b lood gas machine .  Whole  
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TABLE 1 

CARDIOVASCULAR PARAMETERS (mean 4- standard deviation) DURING CONTROL AND DURING 
DOPAMINE, ATROPINE, AND PHENYLEPHRINE INFUSIONS AND DURING PACING 

Mean Blood Cardiac Oxygen 
Heart Rate Pressure Output Consumption 

( /rain) (kPa) (l/rain) (ml/min) 

Control 75 4- 17 12.8 4- 2.7 1.9 _ 0.9 166 4- 43 
Dopamine 65 4- 11 19.0 _ 2.8* 3.2 + 1.0" 188 4- 56* 
Atropine 135 4- 13" 19.2 4- 3.5* 4.0 4- 1.8" 198 4- 53* 
Pacing 150 4- 14' 16.5 + 3.9* 3.0 4- 1.4" 193 + 46* 
Phenylephrine 72 4. 21 21.4 4- 3.5* 2.2 4. 0.3 188 4- 46* 

*P < 0.05, Student's paired t-test when compared to control values. 

body VO2 was measured continuously using an 
oxiconsumeter prototype recently developed in 
this laboratory? 

After completing preparatory procedures con- 
trol values for mean arterial blood pressure (B--P), 
cardiac output (QT), heart rate (HR), and oxygen 
consumption (Vo2) were obtained by averaging 
measurements made every three minutes over a 
10 minute period. A continuous intravenous infu- 
sion of dopamine 39 tag" kg -I �9 rain-' was started 
in a second peripheral vein. When BP reached 
Ig.6kPa, the infusion rate was reduced to 
1 0 ~ - k g  -~-min -~ and maintained for 10 min- 
utes. The dopamine infusion was then stopped 
and 45 minutes were allowed for BP to return to 
control values. A continuous intravenous infu- 
sion of atropine 20 ~tg. kg -t �9 rain -~ was then 
started and continued until HR reached 120 beats 
per minute. This increased heart rate was main- 
tained with atropine 1.25 l ig-kg-l .min -t in- 
travenously for 10 minutes. Following this, the 
atropine infusion was stopped and 25 minutes 
were allowed for HR to return to normal. 

Heart rate was also increased by electrical 
pacing. This was accomplished by passing an 18 
gauge needle through the chest into the left ven- 
tricular muscle. A nerve stimulator was used to 
pace the heart at 150 beats per minute for 10 
minutes. The pacing stimulus was removed and 
an infusion of phenylephrine 5 lag" kg -~ �9 min -~ 
was begun. When BP reached 21.3 kPa, the infu- 
sion rate was reduced to 2.5 I~g kg -t" min -~ and 
maintained for 10 minutes. 

The average value for each variable was found 
by averaging readings taken every two minutes 
during each 10 minute period of interest, Statisti- 
cal difference from control was determined using 
student's paired t-test, comparing the control 
reading with the reading taken during drug infu- 
sion. 

RESULTS 

Consistent increases in ~'oz were seen with 
infusion of atropine, dopamine and phenyl- 
ephrine and with pacing. The results in Table I 
show increases in Vo2 of 14 per cent with 
dopamine, 19 per cent with atropine, 14 per cent 
with phenylephrine, and 16 per cent with pacing. 
All changes in Voz were statistically significant 
from the control level at the p < 0.05 level. As 
heart rate was increased using atropine or pacing, 
B-P andQT also increased significantly. Dopamine 
increased B---P and QT but did not affect HR. 
Phenylephrine increased BP significantly. 

When BP alone was raised above control, as 
with dopamine and phenylephrine, ~'o2 increased 
significantly. When HR and B--i s were both raised 
above control, as occurred with the infusion of 
atropine or with pacing, Vo2 was raised four per 
cent higher than with dopamine or phenyl- 
ephrine. The correlation coefficient between 
changes in HR and ~'o2 was 0.46, between B---P and 
Vo2 r = 0.40, and betweenQT and Vo2 r = 0.70. 
The correlation coefficient between HR-BP 
product and Vo2 was 0.47, and between QT-B-P 
product andXTo2 was 0.66. 

DISCUSSION 

The results of this study demonstrate that infu- 
sions of dopamine, atropine, phenylephrine and 
electrical pacing during fentanyl anaesthesia can 
cause increases in whole body Vo2 of 12-19 per 
cent. These changes accompanied significant 
changes in cardiac work due to increased heart 
rate, blood pressure and/or cardiac output. 

Dopamine has its major cardiovascular effect 
on alpha- and beta- adrenergic receptors and is 
known to increase peripheral resistance at high 
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infusion rates and to increase arterial blood pres- 
sure in animals. ~~ These haemodynamic 
changes do not necessarily cause myocardial 
hypoxia. As myocardial work and MVo2 in- 
crease, myocardial blood flow may increase pro- 
portionately and myocardial ischaemia may be 
avoided.t~-'4 Though this is not true for patients 
with cardiac disease, it is valid for most other 
patients. 

In this study an infusion of dopamine 
39 ~tg-- kg - I .  rain -~ caused a 12 per cent increase 
in BP and a 68 per cent increase in QT. These 
haemodynamic changes were accompanied by a 
14 per cent increase in ~?o z . Large percentage 
increases in B--ff and QT are known to change 
myocardial work and MVoz and may be a major 
source of the change in Vo2 during dopamine 
infusion in this study. 

The primary effect of atropine on the car- 
diovascular system is to increase heart rate by 
blocking vagal effects at the SA node./5 In this 
study atropine was infused to increase the heart 
rate from 65 to 135 beats per minute. B-P, QT and 
Vo2 increased by 50, ! 10 and 19 per cent respec- 
tively. 

Electrical pacing was used as a non- 
pharmacological method of altering heart rate. As 
the heart rate increased to 150 per minute the BP 
andQT rose significantly and Vo2 increased by 16 
per cent. Electrical pacing and atropine had 
similar effects on B"-P and QT and both increased 
~o2 by similar amounts. 

Phenylephrine is a powerful alpha receptor 
stimulant which causes a rise in systolic and 
diastolic blood pressure with little or no change in 
HR or QT. 16 In this study phenylephrine was 
used to raise BP to 21.3 kPa. HR and QT did not 
change significantly; ~'oz increased by 12 per 
cent. 

The transition from light to deep levels of 
anaesthesia generally results in a decrease in 
whole body Voz and a decrease in the cardiovas- 
cular parameters HR, BP and QT. It has been 
shown that this decrease in Vo2 is mainly the 
result of decreased myocardial work and de- 
creased IVlVo2. ~7'~8 To predict the increase or 
decrease in IVlg"oz from the cardiovascular 
parameters, investigators have used the rate 
pressure product, the area under the ventricular 
systolic pressure curve, the maximum velocity of 
myocardial isotonic shortening, etc. In studies 
using the anaesthetized dog, the product of QT 
and BP (myocardial external work) has proven 
quite useful. ~8 

It is shown in this study that an increase in the 
cardiovascular parameters HR, ~ and QT cause 
an increase in whole body Vo~ even at a constant 
deep level of anaesthesia. Our data show a higher 
correlation between changes in whole body Voz 
and the QT x ~ product (r = 0.70) than between 
the HR x B---Pproduct and V02 (r = 0.40) suggest- 
ing that theQT x B---ffproduct isa better prediction 
of increases in metabolic expenditure and work 
during deep levels of anaesthesia. The increase in 
whole body Vo2 is also better predicted by in- 
creased QT than by increases in either HR or BP. 

SUMMARY 

The results of this study demonstrate statisti- 
cally significant increases in whole body Vo2 
when dopamine, atropine, phenylephrine and 
pacing are administered during deep fentanyl- 
nitrous oxide anaesthesia. The magnitude of the 
change in Vo2 was best predicted by either the 
cardiac output • blood pressure product or by 
the cardiac output. 
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R~SUM~. 

L'on salt que l'anesth~sie g~n~rale diminue la consommation d'oxyg~ne et que ce ph~nom~ne 
serait attribuable en grande partie ~ une r~duction du travail myocardique. Notre ~tude avait 
pour objet d'~tudier l'influence d'une ~l~vation de la fr~quence cardiaque et de la pression 
arl~rielle sur la consommation d'oxyg~ne chez le sujet anesth~siC 

A cette fin, I'on a ~lev~ la~.fr~quence cardiaque et la pression art&idle d'animaux 
anesthesias profond~ment au fentanyl, au moyen de dopamine, d'atropine, d'un pacing 
cardiaque ou de ph6nyl6phrine. Sept chiens de 16 a 24 kg ont ~t6 anesth6si6s au fentanyl/~ la 
dose de 1 lag'kg -t. rain -~ et, apd:s installation des moniteurs, on leur a administr6 une 
perfusion de dopamine ~ la dose de 39 lag" kg -~" rain -I jusqu'~ ce que leur pression moyenne 
soit de 18.6 kPa. La dose de cet agent ~tait alors r6duite ~ 10 lag. kg -~ - min -~ durant les dix 
minutes suivantes. Apr~:s une attente de 45 minutes, on commencait une perfusion d'atropine 
~t raison de 20 lag- kg -~" rain -~ et, Iorsque la fr6quence cardiaque atteignait 120/min, la perfu- 
sion 6tait ralentie de fa~on a administrer 1.25 lag-kg -~- min -~ au cours des dix prochains 
minutes. Vingt-cinq minutes plus tard, la fr6quence cardiaque 6tait 61ev6e a 150 par minute et 
maintenue k ce chiffre durant dix minutes au moyen d'un pace-maker. Le pacing 6tait alors 
cess6 et une perfusion de ph6nyl6phrine &ait commenc6e 5. la dose de 5 lag" kg - t-  rain -t. 
Lorsque la pression art6rielle atteignait 21.3 kPa, la peffusion 6tait r6duite h 
2.5 lag" kg -~ ' rain -t et maintenue ~ cette dose durant dix minutes. 

On a trouv6 que la eonsommation totale d'oxyg~ne s'61evait de 14 pour cent avec la  
dopamine, de 19 pour cent avec l'atropine, de 16 pour cent avec le pacing ~ 150. min-~ et de 14 
pour cent avec le ph6nyl6phrine. Cette 6tude d6montre done qu'une 616ration de la fr6quence 
cardiaque, de la pression art6rielle moyenne et du d6bit cardiaque 61~ve la consommation 
globale d'oxyg~ne, m~me a un niveau constant d'anesth6sie profonde. Le produit du d6bit 
cardiaque par la pression art6rielle ainsi que le d6bit cardiaque seul 6taient les meilleurs 
pr6dicteurs de l'ordre de grandeur des modifications de la consommation d'oxyg/~ne. 


