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KNOWLEDGE of whole body oxygen consump- 
tion ('v'o2) is important in understanding tissue 
metabolism, tissue perfusion needs, ~ and in de- 
termining the demand for oxygen transfer and 
transport placed upon the cardopulmonary sys- 
tem. Several studies suggest that with induction 
of general anaesthesia Vo2 falls 15 to 20 per cent 
below basal levels. 5 There seems to be no way of 
accurately predicting an individual patient's Voz 
during general anaesthesia and little is known 
regarding the magnitude of  change which occurs 
during anaesthesia. ~ 

This lack of information is probably due to the 
difficulty of measuring "r during anaesthesia. 
The conventional closed circuit spirometer 
method for measuring ~?o2 is not appropriate dur- 
ing anaesthesia because it cannot distinguish be- 
tween the uptake of oxygen and the uptake of an 
anaesthetic gas. A second conventional method, 
often employing the mass spectrometer and a 
pneumotachograph, assumes that the number of 
molecules of nitrous oxide inhaled equals the 
number exhaled, which is frequently not the case 
even hours after anaesthetic induction with ni- 
trous oxide. 7 Correction for these problems has 
been applied by a number of investigators but 
their methods are not continuous and often re- 
quire long time-intervals between serial determi- 
nations. 3'6"v DeveLopment of a system which can 
be easily applied to the anaesthesia setting has 
made continuous real-time data available for 
study of ~'o~ during nitrous oxide anaesthesia. 8'a 
The purpose of this study is to document tran- 
sient changes in whole body Vo2 following a 
bolus dose of thiopentone or fentanyl during ni- 
trous oxide anaesthesia in man. 

METHODS 

Seventeen unselected patients were studied 
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during elective operations under balanced anaes- 
thesia (fentanyl, thiopentone, muscle relaxant 
and nitrous oxide). One hour after premedica- 
tion (atropine, scopolimine, diazepam, and 
meperidine), anaesthesia was induced with fen- 
tanyl, thiopentone or diazepam, a muscle relax- 
ant was given and the patient was intubated with 
a cuffed tracheal tube. Following intubation the 
lungs were ventilated using a semi-open circuit 
with fresh gas flows of 3 l/min oxygen and 3 I/min 
nitrous oxide. After 15 to 20 minutes the anaes- 
thesia circuit was closed and oxygen and nitrous 
oxide were added through two parastolic roller 
pumps. The oxygen pump speed was controlled 
to maintain a constant inspired oxygen fraction 
(0.5) while the nitrous oxide pump was controlled 
to maintain constant circuit volume. The inflow 
of oxygen gave a continuous measure of the pa- 
tient's whole body Vo2 throughout the case. This 
measure of ~/oz was found to correlate well (r = 
0.94) with a standard "r measurement and to 
have an accuracy of --- six per cent. 9 

After induction of anaesthesia the patient's 
blood pressure and heart rate were monitored 
every five minutes. Diastolic and systolic blood 
pressures were measured by ausculatation of 
Korotkoff sounds over the brachial artery. Heart 
rate was measured by a stethoscope placed over 
the suprasternal notch. Repeated doses of fen- 
tanyl or thiopentone were given whenever there 
was a ten per cent rise in blood pressure or heart 
rate. The dosage was selected to return heart rate 
and blood pressure to normal without causing 
cardiovascular depression. As each repeated 
dose of fentanyl or thiopentone was given ~/oz 
was recorded immediately before and 5, 10 and 15 
minutes after the infusion. 

As a control, seven patients were given an 
intravenous bolus dose of fentanyl or thiopen- 
tone 10 to 15 minutes after the previous dose, 
when the blood pressure and heart rate were not 
elevated above normal. Again "~/o2 was recorded 
before and 5, 10 and 15 minutes after the infusion. 
Statistical significance of changes from control 
were determined using the Student's t-test for 
paired samples. 
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FIGURE 2. Average percentage change in oxygen consumption following single bolus lhiopentone infusion. 

RESULTS 

Whole body Voz decreased following repeated 
doses of fentanyl and thiopentone during ba- 
lanced anaesthesia. In those patients receiving 
fentanyl, Vo2 decreased an average of 4.9, 8.4 

and 5.2 per cent at 5, 10 and 15 minutes after the 
infusion (Figure 1). After thiopentone ~'o2 de- 
creased an average of 7.0, 8.8 and 1.9 per cent at 
5, 10 and 15 minutes after the infusion (Figure 2). 
With both fentanyl and thiopentone the change in 
~'o2 after 10 minutes was statistically significant 
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from control  (P < 0.005). The data  are presented 
in tabular  form in Table I and Table II. 

In those pat ients  showing no elevation o f  blood 
pressure  or  heart  rate at the time o f  the infusion,  
there was no significant change in Voz following 
the infusion o f  either fentanyl or  thiopentone.  
These  data  are shown  as the control group in 
Table I and Table II. 

DISCUSSION 
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TABLE 1 

OXYGEN CONSUMPTION AFTER INFUSION OF FENTANYL 

The resul ts  o f  this s tudy demons t ra te  that 
single in t ravenous  doses  o f  fentanyl (0.05 to 0.14 
mg) and th iopentone (30 to 225 mg) given during a 
"ba lanced  anaes t he s i a "  technique can cause  
significant decreases  in whole body Vo2. How- 
ever ,  if the dose is given when  the patient  is 
showing, no sign o f  decreas ing depth o f  anaes-  
thesia ,  VO2 does  not  change.  It is believed that 
the effects o f  fentanyl  and th iopentone on total 
X2o~ are caused  mainly by a decrease  in cerebral  
oxygen  consumpt ion  (CMRO2) and in myocar-  
dial oxygen  consumpt ion  (MVo2). 

A decrease  in CMRO~ with th iopentone infu- 
sion in man  has  been reported by several  
invest igators ,  l~ In these  studies the decrease  
following th iopentone  varied from 30 to 55 per  
cent  and was somewha t  related to the total dose.  
As CMRO2 accounts  for approximate ly  20 per  
cent  o f  the total Vo2 in man,13 a 40 per  cent  fall in 
CMRO2 would resul t  in an eight per cent  reduc-  
tion in total Vo z. In our s tudy  it is also very likely 
that MVo2 decreased following the th iopentone 
and fentanyl  doses  because  heart  rate and blood 
pressure ,  the  principle de te rminan ts  o f  myocar-  
dial work,  decreased  slightly. Though  other  or- 
gans  could be and probably are involved in con- 
tributing to the  overall decrease  in Vo2, changes  
in cerebral  and myocardia l  metabolic rate are the 
mos t  obvious contr ibutors  and are likely the most  
important .  

Many  physiological parameters  affect meta-  
bolic rate dur ing general  anaes thes ia  including 
body tempera ture ,  t4 skeletal muscle  activity 1~-~6 
and pass ive  hypervent i la t ion2 r None  of  these  
factors were considered as contr ibut ing variables 
in this s tudy because  each set o f  measu remen t s  
was taken over  a short  15-minute period us ing 
every patient as his own control.  During each 
15-minute period tempera ture  changes  were in- 
significant, ventilation remained unchanged ,  and 
all patients  were paralyzed to avoid skeletal mus-  
cle activity.  The  only dis turbance to the prepara- 
tion was the drug infusion itself. 

Oxygen consumption(ml/min 
STPD) 

Dose (rag) Control 5 rain 10 min 15 rain 

LA .10 259 248 240 232 
HA .I5 286 283 279 290 
NE .05 182 194 174 174 
PA .10 279 252 252 255 
FI .I0 224 224 194 224 
JO .05 263 252 252 294 
FO .05 341 286 283 283 
SA .10 201 178 182 170 

Mean 254 240 232 240 
Standard deviation 51 39 43 49 

Control group 
EA .05 143 147 151 15I 
CR .05 224 228 221 213 
PA .10 259 263 263 259 
LU .05 228 221 232 224 

Mean 214 215 217 212 
Standard deviation 50 49 47 45 

TABLE II 

OXYGEN CONSUMPTION AFTER ]~NFUSION OF 
TH1OPENTONE 

Dose(rag) Control 5 min 10 min 15 m[n 

LA 50 240 228 224 228 
HA 225 294 279 275 275 
A R 75 209 182 194 205 
NE 30 209 20l 182 224 
CR 50 232 217 213 240 
PA 100 290 252 240 259 
FI .I 90 217 205 201 209 
D A  125 182 �9 174 174 186 

Mean 234 217 213 228 
Standard deviation 40 35 33 29 

Control group 
AR 125 186 190 194 197 
FO 50 252 271 259 259 
MO 50 325 333 329 325 
PA 100 228 240 252 240 

Mean 248 259 259 255 
Standard deviation 58 60 55 53 

It has  been postulated that  th!opentone would 
cause  t ransient  decreases  in Vo2 as repeated 
doses  are given.  ~~ The results  o f  this s tudy  show 
that V02 is indeed transiently reduced,  not only 
with subsequen t  doses  of  th iopentone,  but  also 
with doses  of  fentanyl.  
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SUMMARY 

Changes  in whole body oxygen  consumpt ion  
due to bolus infusions o f  fen tanyl  and thiopen- 
tone given during "ba lanced  anaes thes i a"  have  
been examined in 17 patients .  It has  been shown  
that fentanyl  causes  an average decrease  in oxy-  
gen consumpt ion  of  4.9, 8.4, and 5.2 per  cen t  at 5, 
10 and 15 minutes  after its infusion. Th iopen tone  
causes  an average decrease  o f  7.0, 8.8, and 1.9 
per cent  at 5, 10 and 15 minutes  after infusion.  It is 
believed that the effects o f  fentanyl  and thiopen- 
tone on oxygen  consumpt ion  are caused  mainly 
by decreases  in cerebral and myocardia l  oxygen  
consumpt ion .  

RI~SUM~: 

La consommat ion  d ' oxygbne  de  17 malades  a 
6t~L 6tudire  apr~s des  doses  in t rave ineuses  de 
th iopentone et de fentanyl  admin i s t r r e s  en bolus 
au cours  d ' ane s t h r s i e s  " b a l a n c r e s " .  Le fentanyl  
abaisse  la consommat i on  d 'oxyg~ne  de 4.9, 8.4 et 
de 5.2 pour  cent ,  5, 10 et 15 minutes  apr~s son  
administrat ion.  Celle-ci s ' aba i s se  par ailleurs de 
7, 8.8 et 1.9 pour  cent  aux  m r m e s  intervaltes,  spit 
5, 10 et 15 minutes  apr~s adminis t ra t ion de 
thiopental .  Nous  c royons  que cette d iminut ion 
es t  pr incipalement  attribuable ~t une c o n s o m m a -  
tion d 'oxyg~ne  rrduite au niveau du cerveau  et du 
myocarde.  
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