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ABSTRACT 

We compared the ventilatory response to isocapnic hypoxaemia with a standard response to 
hyperoxic hypercarbia in human subjects sedated with methoxyflurane, diethyl ether or 
nitrous oxide, or anaesthetized with methoxyflurane. Compared to the awake state, 
methoxyflurane 0.1 MAC sedation did not alter either response significantly; methoxy- 
flurane 1.1 MAC anaesthesia depressed both, with a somewhat greater effect on the 
hypoxaemic response. Diethyl ether 0.1 MAC sedation reduced only the hypoxaemic 
response. Nitrous oxide 0.1 MAC reduced both hypoxaemic and carbon dioxide responses 
in parallel. The evidence suggests that all three agents - like thiopentone, halothane and 
enflurane - can impair the ventilatory response to isocapnic hypoxaemia in man, but that in 
relation to the carbon dioxide responses, the magnitude of this depressive effect varies. 
Halothane and enflurane are the most depressant, nitrous oxide and thiopentone the least, 
with methoxyflurane and diethyl ether appearing to be intermediate in effect. 

KEY WORDS: ANAESTHETICS, VOLATILE, diethyl ether, methoxyflurane; ANAES- 
THETICS, GASES, nitrous oxide; HYPOXAEMIA, ventilatory response. 

CONVENTIONAL WISDOM held that the ventilatory 
response to hypoxaemia was relatively rugged 
and resistant to depression by anaesthetics, t This 
conclusion, based upon observations made in 
animals anaesthetized with barbiturates and/or 
narcotics, is not supported by recent studies in 
man. Thiopentone, halothane and enflurane an- 
aesthesia clearly impair the ventilatory response 

2 4 to isocapnic hypoxaemia in man, - with hal- 
othane and enflurane being particularly potent 
in this effect, depressing the hypoxic reflex out 
of proportion to their other ventilatory effects. 
These observations suggest that, rather than 
being resistant, the response to hypoxaemia may 
be relatively sensitive to depression by certain 
anaesthetics in man. 

The purpose of the present study was to 
determine how three other anaesthetic agents - 
methoxyflurane, diethyl ether and nitrous oxide 
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- affect the ventilatory response to isocapnic 
hypoxaemia in human subjects. 

METHODS 

The protocol for this study was approved by 
the Human Research Committee at the Univer- 
sity of Western Ontario. 

We studied twenty fit subjects, fifteen during 
anaesthetic-induced sedation and five during full 
anaesthesia. Sedated subjects were anaesthe- 
fists, anaesthesia residents or respiratory technol- 
ogists; anaesthetized subjects were in-hospital 
patients who had agreed to an extra period of 
anaesthesia before undergoing an elective ortho- 
paedic surgical procedure. There were twelve 
males and eight females. Their ages, heights and 
weights were respectively 25 - 5 years, 172 - 
10 cm and 67 +- 11 kg (means --+ S.D.) 

Each subject was studied twice, first awake 
and then in one of four anaesthetic induced states 
- (1) sedation with methoxyflurane 0.1 MAC, 
(2) anaesthesia with methoxyflurane 1.1 MAC, 
(3) sedation with diethyl ether 0.1 MAC, or (4) 
sedation with nitrous oxide 0.1 MAC. 

For the awake portion of the study the subject 
sat in a comfortable chair in a darkened room and 
breathed through a mouthpiece with a nose-clip 
in place. He or she began by inhaling 100 per 
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cent oxygen from a non-rebreathing system. 
When values of ventilation and end-tidal carbon 
dioxide had been steady for five minutes, we 
recorded resting ventilation for a one minute 
period. 

Next, hypoxaemia was induced by the method 
of Well, et al. 5 Inhaled oxygen was gradually 
replaced with air and then with a mixture of air 
and nitrogen, so that end-tidal oxygen decreased 
to 5.3-6.0 kPa (40-45 tort) over an 8-10 
minute period. End-tidal carbon dioxide concen- 
tration was monitored continuously and carbon 
dioxide was added directly to inhaled gas if 
necessary to maintain end-tidal isocapnia. 

Following a five minute rest, hypercarbia was 
induced by the rebreathing method of Read. 6 
The subject inhaled three large breaths from a 
closed circuit primed with carbon dioxide seven 
per cent in oxygen and then relaxed while 
continuing to rebreathe. If the tracing of the 
airway carbon dioxide concentration was steady 
throughout the respiratory cycle, rebreathing 
was permitted to proceed until the airway carbon 
dioxide concentration had increased 1.5-2.0 per 
cent. 

Sedation studies were conducted with subjects 
seated in the same room. To induce sedation, we 
administered methoxyflurane 0.04-0.08 per cent 
for forty-five minutes (n = 5), diethyl ether 
0 .5-1.0 per cent for forty-five minutes (n -- 5); 
or nitrous oxide 10-15 per cent for ten minutes 
(n = 5). In each case, the aim was to achieve and 
maintain a steady state of sedation with an 
end-tidal concentration of agent equivalent to 
0.1 MAC. 7 Tests and measurements were re- 
peated as in the awake state except that anaes- 
thetic agent was added to the test circuits to 
maintain sedation steady throughout testing pe- 
riods. 

Studies ofmethoxyflurane anaesthesia (n = 5) 
were conducted in a laboratory adjacent to the 
operating room complex. Each unpremedicated 
subject was positioned supine. Anaesthesia was 
induced with nitrous oxide 70 per cent and 
methoxyflurane with oxygen, supplemented by 
intravenous thiopentone 1-2 mg-kg -l during the 
excitement phase. With the achievement of 
surgical anaesthesia the trachea was sprayed 
with lidocaine 4 per cent and then intubated 
with an 8 or 9 mm cuffed orotracheal tube. 
Subsequently, nitrous oxide was discontinued 
and inhaled methoxyflurane was maintained to 
achieve an equilibrated and steady anaesthetic 
state with an end-tidal methoxyflurane concen- 
tration equivalent to 1. I MAC. 7 This state was 
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deemed present when ventilation and end-tidal 
concentrations of methoxyflurane and carbon 
dioxide had been constant for ten minutes and 
nitrous oxide concentrations were less than 3.0 
per cent. In each case this required sixty 
minutes or more of inhalation. 

With anaesthesia continuing, responses to 
carbon dioxide and hypoxaemia were tested as 
above, except that the Read circuit was primed 
with eight per cent carbon dioxide and methoxy- 
flurane, and equilibration with the circuit was 
achieved by three to five large positive pressure 
inflations of the lungs. During the measurement 
of resting ventilation, a sample of arterial blood 
was withdrawn for subsequent analysis of blood 
gas tensions. Three anaesthetized subjects were 
given an intravenous bolus of doxapram 0.4 
mg.kg -1, as an additional test of ventilatory 
chemosensitivity.8 

During all tests in all states, exhaled gases 
were sampled continuously close to the airway 
and analyzed for their gas and vapour concentra- 
tions. Oxygen, carbon dioxide and nitrous oxide 
were measured with a Perkin-Elmer # 1100 mass 
spectrometer calibrated regularly with Canadian 
Liquid Air Specialty Gases. Carbon dioxide was 
detected in the instrument mode which mini- 
mizes interference with nitrous oxide. Methoxy- 
flurane and diethyl ether were measured with a 
Beckman LB2 infra-red gas analyzer using a 
halothane pickup head which had been purged 
with carbon dioxide 7 -8  per cent. Each vapour 
signal was calibrated with known vapour mix- 
tures prepared by injection of precisely mea- 
sured liquid volumes into a flask of known 
volume, temperature and pressure. Exhaled gas 
data were displayed on a time-based recorder 
from which end-tidal concentrations could be 
read. Values of dried end-tidal oxygen and 
carbon dioxide concentrations were converted to 
tensions, using the measured barometric pres- 
sure of each testing day. 

We measured inspired ventilatory volumes 
with a calibrated pneumotachograph, applying 
correction factors for the density and viscosity of 
the various gases inhaled.* Values of resting 
ventilation were the averages of one minute 
recordings. Values of instantaneous ventilation, 
which were determined throughout chemical 
response tests, were each the average of at least 

*These factors had been previously determined by 
measuring the pneumotachograph responses to a 
range of gas mixtures, including those which were 
given in this study. 
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Methoxyflurane 0.1 MAC Methoxyflurane 1.1 MAC 
n = 5  n = 5  

Awake Sedation Awake Anaesthesia 

Ventilation 
(L/min) 6.7 - 1.1 6.3 -+ 0.7 6.8 - 0.5 6.1 4- 0.4 

I~Tco2 (kPa) 5 .2-+0 .2  5.1 -+0.2 4.9---0.1 5 .5-+0.3  
(torr) 39 + 1.2 38 + 1.3 37 - 0.6 41 • 2.1 

Paco2 (kPa) 6.1 --. 0.3 
(torr) 46 - 2.3 

CO2 Response 
(L/min/kPa) 14.9 - 2.5 17.5 - 2.8 11.3 --- 2.2 7.7 - 1.2" 
(L/min/torr) 2.0 4- 0.3 2.3 4- 0.4 1.5 --- 0.3 1.0 --- 0.2 

Hypoxaemie Response 7.3 • 1.8 5.2 --- 1.3 6.2 • 1.4 1.8 --- 0.6* 
AVt45 
(L/min) 

All values are MEANS --- S.E.M. 
*Significantly different from awake value p < 0.05. 

TABLE II 

Diethyl Ether 0. I MAC 
11=5 

N20 0.1 MAC 
n = 5  

Awake Sedation Awake Sedation 

Ventilation 
(L/min) 5.9 +-- 0.3 5.5 - 0.4 6.5 -+ 1.1 6.6 --- 0.6 

PETcoa (kPa) 5.2 --- 0.2 5.2 --. 0.2 5.3 --- 0.1 5.3 + 0.1 
(torr) 39 --- 1.3 39 -* 1.4 40 --- 1.1 40 • 1.1 

CO2 Response 
(L/min/kPa) 14.6 • 2.8 14.8 • 2.6 16.9 --- 2.5 9.2 • 1.3" 
(L/min/torr) 1.9 • 0.4 2.0 • 0.3 2.3 • 0.3 1.2 - 0.2 

Hypoxaemic Response 8.6 • 1.5 5.9 • 1.5'  I 1.4 --- 1.5 6.6 • 2.4* 
AVI45 
(L/rain) 

All values are MEANS --- S.E.M. 
*Significantly different from awake value p < 0.05. 

three consecutive breaths. All ventilatory vol- 
umes  were expressed at B.T.P.S.  

To depict the response to hypercarbia, we 
calculated the slope of  the ventilation: Pco2 
relationship using the method of  least squares 
linear regression. The hypoxaemic  response was 
represented by the "AVIas",  the measured 
increment in instantaneous ventilation from hy- 
peroxia to a PETco2 value o f  6 .0  kPa (45 torr). 
The response to intravenous doxapram was 
represented by the m a x i m u m  increment in in- 
stantaneous ventilation observed during the first 
sixty seconds following injection. 

To assess possible differences between awake 
and sedation or anaesthetic states, we employed 
a two-tailed t-test for paired data, considering p 
values o f  0.05 or less as indicative of  a signifi- 
cant difference. 

RESULTS 

There were no complications o f  these studies,  
other than post-anaesthetic nausea and sore 
throat. Sedation with these agents did not alter 
arterial blood pressure or pulse rate significantly. 
Anaesthesia with methoxyflurane reduced sys- 
tolic pressure modest ly  (average drop 2.3 kPa 
from highest  to lowest systolic values) and heart 
rate slightly (average decrease six beats/min).  

Major ventilatory findings are summarized  in 
Tables I and II and in Figures 1 and 2. Sedation 
did not significantly alter minute  ventilation, 
tidal volume,  breathing frequency or PETco:. 
Anaesthesia with methoxyflurane did not reduce 
total minute  ventilation significantly but reduced 
tidal volume from 524 + 89 to 270 --- 13 ml,  
increased breathing frequency from 13 --- 1 to 23 
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FIGURE l Vent i la to~ responses to hypereEbia 
(left) and to isocapnir hypoxacmia (right) during 
m e t h o x y f l u r a n e  0 .  l M A C  s e d a t i o n  (upper) and meth- 
oxyllurane 1.1 MAC anaesthesia (lower). Carbon 
dioxide response slopes are shown as lines extending 
from points which depict resting ventilation and 
PETco: (Pact ~ during anaesthesia). Responses to hy- 
poxaemna are lines hand drawn between points of 
ventilation observed at various PET, values Points 

. u2 . ' 
and hnes represent mean values; bars depict standard 
errors of the means. 

ETHER 

-~ NzO 

elM 14 

io ~ f / /  n 
I . . . . .  ! 

4, go .!o ,'o .'.o ."  . . . .  ~o .!o ' ' -%o IOO i~JO 
PC02 PETal 

FIGURE 2 Ventilator3' responses to hypercarbia 
(left) and to isocapnic hypoxaemia (right) during ether 
0.1 MAC sedation (upper) and nitrous oxide 0.1 MAC 
sedation (lower). Format is similar to Figure 1. 

--+ 2 breaths/min (means --- S.E.M., p values 
< 0.05) and increased PETco2 values slightly. 

Methoxyflurane sedation did not significantly 
alter the ventilatory responses to hype~arbia and 
to hypoxaemia. Among individuals, methoxy- 
flurane sedation had variable effects on responses 
to hypoxaemia. Whereas in three subjects seda- 
tion clearly reduced the hypoxaemic response, in 
two it had little or no effect. Methoxyflurane 
anaesthesia reduced the carbon dioxide response 
slightly and the hypoxaemic response consider- 
ably. Anaesthesia also decreased the response to 
intravenous doxapram (15.9 --- 2.3 1/min to 
1.2 +-- 0.9 l/rain) (all p values < 0.05). Diethyl 
ether sedation did not alter the carbon dioxide 
response but reduced the hypoxaemic response 
slightly (p < 0.05). Nitrous oxide sedation 
caused modest and similar impairments of both 
responses (p values < 0.05). In all cases, the 
reduction of response to hypoxaemia was due 
primarily to a decrease in the tidal volume 
response with breathing frequency changes rela- 
tively unaffected. 

DISCUSSION 

The increment of ventilation in response to 
hypoxaemia in man is a reflex initiated by stim- 
ulation of peripheral chemoreceptors located 
in the carotid bodies. 9 It has been known for 
many years that a variety of pharmacological 
agents have powerful depressive actions on these 
receptors and their associated reflexes, l~ but 
this was not thought to be characteristic of 
intravenous and inhalational anaesthetics, t 

Recently, Weiskopf, e t  a l ,  12 and Hirshman, 
e t  a l ,  t3 reported that barbiturates, ketamine, 
halothane, enflurane and isoflurane reduce the 
ventilatory response to hypoxaemia in dogs. 
Unfortunately the relevance of these observa- 
tions to man was uncertain because of well- 
known species differences, both quantitative and 
qualitative, in anaesthetic effects on breathing 
control, 14.1.5 and in a number of pharmacological 
effects on peripheral chemoreflexes, n~ Ac- 
cordingly we thought it necessary to undertake a 
series of studies to determine how anaesthetic 
agents influence the ventilatory response to 
hypoxaemia in man. 

The design of the present study was similar to 
previous studies in the series, z-4 We evaluated 
the effects of methoxyflurane at both a sedating 
and an anaesthetizing dose, 0.1 and 1.1 MAC, 
but diethyl ether and nitrous oxide at the 0.1 
MAC dose only. Studies of the ventilatory 



KNILL & CLEMENT; ANAESTHETICS AND 

effects of a sedating dose alone might seem 
unlikely to be fruitful; however, previous obser- 
vations made at a sedating dose of halothane and 
enflurane were in themselves sufficient to con- 
clude that these agents had a potent and selective 
effect on the hypoxic response. 3'4 With each 
agent and dose we compared changes in the 
activity of the hypoxic reflex to changes in the 
ventilatory response to added carbon dioxide, 
the latter being generally accepted as the most 
sensitive index of overall ventilatory control. 

Experimental conditions were identical for 
awake and all three sedated states, but there were 
several variables added during anaesthesia - the 
supine position, tracheal intubation and the 
administration of thiopentone 1-2 mg kg -J dur- 
ing induction. We believe that none of these 
variables influenced the outcome of the study in 
an important way. The supine position has no 
detectable effect on ventilatory responses to 
hypoxaemia and to carbon dioxide; ~.1~ tracheal 
intubation does not alter chemoreflex activity 
during light halothane anaesthesia; 4 and the 
ventilatory effects of a small dose of thiopentone 
given during halothane anaesthesia dissipate 
completely within thirty minutes.'* 

We tested the response to hypoxaemia using a 
modified Well technique. 5 Oxygen tension was 
lowered progressively over 8-10 minutes, using 
end-tidal P02 as the measured stimulus and 
keeping end-tidal carbon dioxide levels constant 
throughout. Although end-tidal P02 is greater 
than arterial P02 at arterial tensions below 10.0 
kPa-  where the ventilatory response is normally 
observed - this end-tidal to arterial difference is 
usually less than 0.8 kPa, in both awake 5 and 
anaesthetized t9 subjects. A raised carbon diox- 
ide level augments the response to hypoxaemia,5 
and during anaesthesia in this study Pc02 values 
were slightly increased (Table 1). However, this 
Pc02 difference between awake and anaesthe- 
tized states would have acted only to underesti- 
mate the magnitude of the anaesthetic effect. 

To measure the response to added carbon 
dioxide we employed the Read rebreathing 
technique. 6 For studies of anaesthetics, this 
method is theoretically superior to steady-state 
techniques, because it maintains a constant 
relationship between measured and medullary 
carbon dioxide stimuli, independent of cerebral 
blood flow and cerebral metabolic rate - vari- 
ables which are usually altered by anaesthesia. 

All three agents studied reduced the ventila- 
tory response to isocapnic hypoxaemia (Tables I 
and II, Figures 1 and 2). With methoxyflurane, 
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depression was observed at the 1.1 MAC dose, 
with diethyl ether and nitrous oxide at the 0.1 
MAC dose. Methoxyflurane and diethyl ether 
reduced the hypoxie response somewhat more 
than the carbon dioxide reponse; nitrous oxide 
impaired both proportionately. In addition, 
methoxyflurane anaesthesia reduced the vcnti- 
latory response to a dose of intravenous dox- 
apram which stimulates only peripheral chemo- 
receptors, s This effect was also relatively greater 
than the reduction of the response to carbon 
dioxide. 

There are only limited human data with which 
our findings on the hypoxic response can be 
compared. That diethyl ether sedation reduced it 
selectively in our subjects is in agreement with 
the observation of Gordh that, during ether 
anaesthesia in man, the anoxic response is 
markedly depressed while the carbon dioxide 
response remains intact. 2~ Our finding that ni- 
trous oxide was not particularly depressant, in 
relation to its effect on the carbon dioxide 
response, corroborates a clinical observation 
made often many years ago during anaesthesia 
with nitrous oxide alone. Hypoxic mixtures of 
nitrous oxide and oxygen, which were some- 
times administered to achieve and/or maintain 
anaesthesia, were known to elicit a brisk hyper- 
pnoeic response, and 100 per cent oxygen given 
in these circumstances to produce a temporary 
apnoea. 21 These responses to low and high 
oxygen concentrations in the presence of nitrous 
oxide were clear evidence of an active hypoxic 
response. Somewhat inconsistent, however, are 
the data of Yacoub, et al. ,  indicating that nitrous 
oxide 30-50 per cent reduces the hypoxic 
response selectively and markedly. 22 The ex- 
planation for these different observations is not 
clear, but may reside in the condition of 
Yacoub's subjects. In data depicted graphically 
in his report, values of resting ventilation appear 
very high, levels of Pc02 low and responses to 
carbon dioxide fiat in the low Pc02 range - all 
indications that his subjects were not in a relaxed 
state, which is essential for reliable chemoreflex 
studies. 

We have now examined the effects of six 
anaesthetic agents on the ventilatory response to 
isocapnic hypoxaemia and find that while all six 
can depress it, they do so with considerable 
variation in potency (Figure 3). Thiopentone and 
nitrous oxide reduce the response to hypoxaemia 
only in proportion to their reduction of the 
response to carbon dioxide. Halothane and 
enflurane, on the other hand, produce a marked 
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FlouR~ 3 Effects of several anaesthetic agents on 
responses to hypercarbia and to hypoxaemia. Bar 
heights depiet mean responses, expressed as percent- 
ages of awake values. Carbon dioxide responses were 
represented by slopes of VI:PCo2 relationships, and 
hypoxaemic responses by values of A~'~s.. "*" 
indicates significant difference from awake. (Thio- 
pentone, enflurane and halothane data are from refer- 
ences 2, 3 and 4.) 

and selective depression, reducing the hypoxic 
reflex proportionately more than ventilation and 
the carbon dioxide response, at both sedating 
and anaesthetizing doses. Indeed, in about half 
the subjects anaesthetized with these agents, 
hypoxaemia causes ventilatory depression, the 
effect expected when peripheral chemoreflex 
activity is totally abolished. 9 Methoxyflurane 
and diethyl ether appear to be intermediate in 
effect; they cause some selective depression, but 
clearly less than halothane and enflurane. Inter- 

estingly, these differences in responses to hy- 
poxaemia were due primarily to differences in 
tidal volume responses, with frequency re- 
sponses remaining more or less the same. 

In the past we have speculated that the added 
depression of the hypoxic response over and 
above the reduction of the carbon dioxide re- 
sponse, as was observed with halothane and 
enflurane, is due to a vasodilating action of these 
agents on the local circulation of the carotid 
bodies. 4. Since blood flow through the carotid 
bodies may respond to anaesthetics in a manner 
similar to the circulation of the brain (both 
derived from neural ectoderm), it was interesting 
to note that among the anaesthetic agents we 
tested there was a relationship between selective 
depression of the hypoxic reflex and known 
cerebral vasodilating properties. Those agents 
which selectively reduced hypoxic responsive- 
ness (i.e. halothane, enflurane, methoxyflurane 
and diethyl ether) are those which increase 
cerebral blood flow, and those which did not 
(i.e. thiopentone and nitrous oxide) usually do 
not increase cerebral flow. 23 

The normal ventilatory response to hypox- 
aemia increases alveolar and arterial oxygen 
tension, and in doing so acts as an important 
physiological defence against hypoxaemia. It 
follows that patients anaesthetized with agents 
which reduce ot abolish this response may be 
particularly vulnerable to the dangers of hypox- 
aemia. This vulnerability would be increased 
further if the same anaesthetic agents also impair 
other mechanisms that compensate for hypox- 
aemia, the most important among these being an 
increase in cardiac output. 24 Although we have 
no direct information about the cardiac output 
response to hypoxaemia during anaesthesia in 
man, we have previously observed that halo- 
thane and enflurane in man impair the heart 
rate and systemic arterial pressure responses, 25 
effects which in other circumstances are linked 
closely to the cardiac output response. 24 

The clinician should be aware that during both 
anaesthesia and anaesthetic recovery, his pa- 
tients may be severely compromised in their 
abilities to defend against hypoxaemia and to 
display the usual cardiorespiratory signs. 

ACKNOWLEDGEMENTS 

The authors wish to thank the subjects, the 

*Indirect evidence suggests that vasodilation and 
the concomitant increase in local blood flow may 
reduce or eliminate hypoxic stimuli at tissue receptor 
sites. 4 



KNILL & CLEMENT: ANAESTHETICS AND VENTILATORY RESPONSE TO HYPOXAEMIA 99 

surgeons at University Hospital who cooperated 
in making the anaesthetic portion of  the study 
possible, and Mrs. L. Nolan who assisted in 
preparing the manuscript. 

REFERENCES 

1. COMROE, J.H. The peripheral chemoreceptors. 
In Handbook of Physiology, Section 3: Respira- 
tion Volume I, Chapter 23, Washington, D.C. 
American Physiological Society (1964). 

2. KNILL, R.L., BRIGHT, S. & MANNINEN, P.H. 
Hypoxic vcntilatory responses during thiopen- 
tone sedation and anaesthesia in man. Can. 
Anaesth. Soc. J. 25(5): 366 (1978). 

3. KNILL, R.L., MANNINEN, P.H. & CLEMENT, 
J.L. Ventilation and chemoreflexes during en- 
flurane sedation and anaesthesia in man. Can. 
Anaesth. Soe. J. 26(5): 353 (1979). 

4. KNILL, R.L. & GELn, A.W. Ventilatory respon- 
ses to bypoxia and hypereapnia during halothane 
sedation and anesthesia in man. Anesthesiology 
49:244 (1978). 

5. WEIL, J.V., BYRNE-QUINN, E., SODAL, I.E., 
FmESEN, W.O., UNDERHILL, B., FILLEY, G.F. 
& GROVER, R.F. Hypoxic ventilatory drive in 
normal man. J. Clin. Invest. 49:1061 (1970). 

6. READ, D.J.C. Aclinical method for assessing the 
ventilatory response to Co2. Australas. Ann. 
Med. 16:20 (1967). 

7. QUASHA, A.L., EGER, E.I. & TINKER, J.H. 
Determination and applications of MAC. Anes- 
thesiology 53:315 (1980). 

8. SEVERINGHAUS, J., OZANNE, G. & MASSUDA, 
Y. Measurement of the ventilatory response to 
hypoxia. Chest 70:121 (1976). 

9. WANE, J.G., LARSON, C.P. & HICKEY, R.F. 
Effect of carotid endarterectomy on carotid 
chemoreceptor and baroreceptor functions in 
man. N. Eng. J. Med. 282:823 (1970). 

10. HEYMANS, C. Action of drugs on carotid body 
and sinus. Pharmacol. Review 7: 119 (1955). 

11. LANDGREN, S., LILJESTRAND, G. & ZOTTER- 
MAN, Y. The effect of certain autonomic drugs on 
the action potentials of the sinus nerve. Acta 
Physiol. Scand. 26:264 (1952). 

12. WEISKOPF, R.B., RAYMOND, L.W. & SEVER- 
INGHAUS, J.W. Effects of halothane on canine 

respiratory responses to hypoxia with and without 
hypercarbia. Anesthesiology 41:350 (1974). 

13. HIRSHMAN, C.A., McCULLOUGH, R.E., 
COHEN, P.J., et al. Depression of hypoxic 
ventilatory response by halothane, enflurane and 
isoflurane in dogs. Br. J. Anaesth. 49:957 
(1977). 

14. GAUTIER, H., GAUDY, J.H. & BONORA, M. 
"Effects of anesthesia on breathing pattem." In 
Advances in Experimental Medicine & Biology, 
Volume 99. Edited by R.S. Fitzgerald, H. 
Gautier & S. Lahiri. New York, Plenum Press, 
pp. 93 (1978). 

15. GAUTIER, H. & GAUDY, J.H. Changes in ventil- 
atory pattern induced by intravenous anesthetic 
agents in human subjects. J. Appl. Physiol. 45: 
171 (1978). 

16. BLACK, A.H.S., COMROE, J.H. & JACOnS, L. 
Species difference in carotid body response of cat 
and dog to dopamine and serotonin. Am. J. 
Physiol. 223:1097 (1972). 

17. RIGG, J.R.A., REBUCK, A.S. & CAMPBELL, 
E.J.M. The effect of posture on the ventilatory 
response to Co2. J. Appl. Physiol. 37:487 
(1974). 

18. SLUTSKY, A.S., GOLOSTEIN, P.G. & REBUCK, 
A.S. The effect of posture on the ventilatory 
response to hypoxia. Can. Anaesth. Soc. J. 27: 
445 (1980). 

19. KIERASZEWICZ, H., CLEMENT, J.L. & KNtLL, 
R.L. Unpublished observations. 

20. GORDH, T. Postural circulatory and respiratory 
changes during ether and intravenous anesthesia. 
Acta Chirurgica Stand. 62, suppl. 102:25 
(1945). 

21. CLEMENT, F.W. Nitrous oxide-oxygen anesthe- 
sia. Anesthesiology 7:616 (1946). 

22. YACOUB, O., DOELL, D., KRYGER, M.H. & 
ANTHONISEN, N.R. Depression of hypoxic ven- 
tilatory response by nitrous oxide. Anesthesiolo- 
gy 45:385 (1976). 

23. SMITH, A.L. & WOLLMAN, H. Cerebral blood 
flow and metabolism: Effects of anaesthetic drugs 
and techniques. Anesthesiology 36(4): 378 
(1972). 

24. KORNER, P.I. Circulatory adaptations in hypox- 
ia. Physiological Reviews 39:687 (1959). 

25. MANNtNEN, P. & KNtLL, R.L. Cardiovascular 
signs of acute hypoxaemia and hyperearbia dur- 
ing enflurane and halothane anaesthesia in man. 
Can. Anaesth. Soc. J. 26:282 (1979). 

R~SUMI~ 

Noun avons compar6 la r~ponse ventilatoire provoqu6e par I'hypox~mie isocapnique avec 
une r6ponse standard h l'hypercarbie hyperoxique chez des humains sous s~dation au 
m~thoxyflurane, ~ l'6ther di~thylique, au protoxyde d'azote et sous anesth~sie au 
methoxyflurane. La s6dation au methoxyflurane 0.1 MAC n'a pas change, de fa~.on 
significative aucune des deux r6actions comparativement ~ I'~tat de veille; le methoxyflu- 
rane 1.1 MAC a d6prim~ les deux r~penses. Le protoxyde d'azote 0. I MAC a diminu6 la 
r6ponse ~t l'hypox6mie et ~ l'hypercarbie de fa~on parall~le. Ces r~sultats sugg~rent que les 
trois agents ~tudi6s comme le thiopentone, I'halothane et l'enflurane, peuvent modifier la 
r6ponse ~t l'hypox6mie isocapnique chez l'homme, maiN que lorsqu'on ~tudie la r~ponse an 
gaz earbonique, l'importance de cet effet d~presseur est variable. L'halothane et l'enflurane 
sont les plus d6presseurs, le protoxyde d'azote et le thiopentone les moins d~presseurs, alors 
que le methoxyflurane et l'~ther diethylique se situent entre les deux. 


