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I NTRODUCTION 

INEVrrABLY, the anaesthetist will continue to encounter hypoxaemia in the course 
of his practice. The cardiovascular response to hypoxaemia in anaesthetised sub- 
jects may depend upon the anaesthetic agent and the depth of anaesthesia. To 
study this response we subjected dogs to severe arterial hypoxaemia at various 
depths of anaesthesia with halothane, triehlorethylene and methoxyflurane and 
measured the changes in oxygen transport, cardiac output, stroke volume and 
systemic blood pressure during controlled ventilation at constant arterial carbon 
dioxide tension. Also, in some dogs, we studied changes in myocardial contractility 
and the effect of beta adrenergic blockade. 

METHOD 

Beagle dogs 10 to 12 kg in weight were used in the experiments. Anaesthesia was 
induced with barbiturate (30 mg/kg) .  Each dog was intubated with a cuffed en- 
dotracheal tube. Anaesthesia was maintained with: 

(1) halothane at end-tidal concentrations (ETH ~) of I per cent* (4 dogs), 
1.43 per eei~t] (3 dogs ) and 2 per cent I ( 2 dogs ); 

(2) trichlorethylene at inspired concentrations (IC ~) of 0.9 per cent* (3 dogs) 
and 1.Sper cent} (4 dogs); 

(3) methoxytturane at end-tidal concentrations (ETM g) of 0.30 per cent* (7 
dogs), 0.45 per cent~ (7 dogs) and 0.60 per centt (7 dogs). 
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~or Sick Children and the Departments of Anaesthesia and Paediatries, University of Toronto, 
Toronba, Ontario. 

Supported in part by a grant from the Canadian Bed Cross Youth (Ontario). 
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These concentrations were monitored by repeatedly analysing end-tidal samples 
with the Mayo volatile anaesthetic analyserw (for halothane and methoxyflurane) 
and by using a calibrated vaporiser~ for trichlorethylene, The dogs were ventilated 
in such a manner as to maintain end-tidal carbon dioxide concentration (ETCO2) 
constant and close to normal limits: ETCOz was monitored by analysing end-tidal 
samples from the trachea with a Beekmann LBI analyser, II Under fluoroscopy 
catheters were placed in t.he aorta and either the right atrium or the pulmonary 
artery, After anaesthesia had been maintained with the appropriate agent and at 
the appropriate concentration for at least one hour, we measured the cardiac 
output (Q) by dye dilution, the mean aortic blood pressure (MABP), the heart 
rate (HR) and the body temperature (by rectal thermometer). Arterial oxygen 
tension (PaO2), carbon dioxide tension (PaCOa) and pH were measured and the 
results corrected for changes in body temperature. In some dogs anaesthetised 
with methoxyflurane at 0.46 per cent ET, myoeardCal contractility was calculated 
by means of an integrated circuit differentiator and Clark pressure transducer" ~ 
These measurements, made after one hour of ventilation with air and the appropri- 
ate anaesthetic agent, are called the controls ( C ) throughout this paper. 

The oxygen content of the inspired gas was then reduced and the dogs were 
subjected to gO minutes of hypoxaemia. Between the 10th and Pffth minutes we 
repeated all the measurements, reporting them as hypoxaemia values (H).  The 
collected data revealed the changes in cardiac output, heart rate and mean arterial 
pressure in response to hypoxaemia and enabled us to calculate stroke volume 
(SV), total systemic vascular resistance (TSVR) and oxygen transport (TaO~). 
The signit~eance of the changes due to hypoxaemia was assessed by means of the 
paired t test. 

We then administered propranolol by intravenous injection (0.2 mg/kg) to the 
hypoxaemic  dogs anaesthet ised with methoxyflurane at  modera te  depth  and re- 
pea ted  all the measurements. 

I~ESUL'rS 

The results of the measurements for control~ and during hypoxaemia are shown 
in Tables I to VII. 

Figure I illustrates the effect of hypoxaemia on oxygen transport, cardiac output 
and stroke volume in dogs anaesthetised with the -three different agents at various 
depths of anaesthesia. 

During hypoxaemia oxygen transport fell below control values in all the dogs 
except those moderately deeply anaesthetised with methoxyflurane; in them it 
rose slightly. The lowest values were seen with deep methoxyflurane anaesthesia 
and with both depths of trichlorethylene anaesthesia. 

Under light anaesthesia cardiac output rose significantly during hypoxaemia 
whatever the anaesthetic agent. Under deep anaesthesia with methoxyflurane the 
rise in cardiac output during hypoxaemia was not significant. Under deep anaes- 

w174 1850, Ohio Medical Product~, Madison, Wisconsin 53701. 
ll~Tritee Type B, Cyprane Ltd., Keighley, England. U.K. 
I[@Beckrnan Instruments Ltd., Electronics Instruments Div., Schiller Park, IlL 60178. 
**@Clark Physiological Pressure Transducer Type 4-327-0109 GEe/Transducer Division~ 

Monovia, California 91016. 
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Ftetrem 1. The etlcct of hypoxaemia upon oxygen transport, cardiac ou~ut and stroke volume 
trader halothane, ~ehlorethyl-ene and methoxyflurane~ 

thesia with halothane the dogs (Nos. 8 and 9) died rapidly during hypoxaemia and 
are therefore not represented in Figure 1, or in the Tables. 

Under light anaesthesia stroke volume rose in the dogs anaesthetised with halo- 
thane and methoxyflurane. Hypoxaemia during deep anaesthesia with methoxy- 
fluraae and light anaesthesia with triehlorethylene caused an insignificant change 
in stroke volume. 

Changes in totM systemic vascular resistance, mean aortic blood pressure and 
heart rate are illustrated in Figure 2. 

Total systemic vascular resistance decreased most during hypoxaemia under 
light anaesthesia. Significant reductions were measured at light and moderate 
depths of methoxyflurane anaesthesia but not with deep methoxyflurane and tri- 
ehlorethylene anaesthesia, where the control values were already low. 

In all the dogs the hear~ ra.te rose during hypoxaemia, the most significant rise 
being in those under light triehlorethylene anaesthesia. 

Iffypoxaemia caused the left ventricular dP/dt to increase by 93 per cent under 
moderately deep methoxyfurane anaesthesia. Under deep anaesthesia with the 
same agent the mean increase was only 38 per cent. At this depth, however, the 
response was variable and in some dogs decreases in dP/dt were recorded. 
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PropranoloI caused cardiac output, mean aortic blood pressure and oxygen tram. 
port to fall during hypoxaemia and total systemic vascular resistance to increase. 

Figure :3 ilhstrates the degree of arterial hypoxaemia [or each agent and level of 
anaesthesia and shows that under controlled ventlhtion variations in arterial CO2 
tension were prevented and changes in pH were insignificant, 

D ~ o N  

End-tidal concentrations of 0.30 per cent, 0.48 per cent and 0.60 per cent meth- 
oxyflurane and 1.00 per cent, 1,43 per cent and 2.00 per cent halothane are approxi- 
mately equivalent to minimum alveolar concentration (MAC) values of 1.3, L9 
and 2.5 respectively. ~ Normoearbie hypoxia may reduce MAC values to 70 per 
cent of control values ~ and this would indicate that our measurements in the 
hypoxaem/e dogs were made at levels of anaesthesia sligh~Iy deeper than those 
indicated by the above MAC values. However, the effects of hypoxaemia with 
methoxyflurane and halothane anaesthesia appear to have been measured at com- 
parable depths, No MAC values are available for different concentrations of tri- 
chlorethylene. 

Cullen and Eger a s ~a t  severe hypoxaemia (FaOz = 30 mm Hg) during 
anaesthesia with halothane (0.75~1.25 per cent end-tidal) stimulated venRlation 
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under haloth~ne, triehlorethylene and methoxyflurane. 

and increased cardiac output,  but with end-tidal concentrations of 1 to 1.5 per cent 
respiratory or cardiac arrest occurred, oxygen transport became inadequate and 
metabolic acidosis developed. Our results agree with their conclusion that hypox- 
aemia under  light halothane anaesthesia stimulates a significant increase in cardiac 
output  so that an insignificant fall in oxygen transport occurs, in  our dogs, however, 
this response was maintained under moderate depths os anaesthesia and only be- 
came inadequate at 2.5 MAC. Our results during light anaesthesia are also in general 
agreement with those os Corlin and Lewis 4 who showed that under pentobarbitone 
anaesthesia dogs could survive severe hypoxaemia for prolonged periods. 

The dogs anaesthetised with triehlorethylene should perhaps be considered sepa- 
rately as MAC values are not known and ]aypoxaemia was of slightly greater severity 
than in the other groups. A significant fall in oxygen transport occurred in these 
dogs despite a striking rise in cardiac output.  This may be because the oxygen dis- 
sociation curve of the dog becomes less steep at an oxygen tension of 20 m m  Hg. In 
Figure 4 oxygen transport and cardiac output  are plotted in relation to PaO= in dogs 
under light anaesthesia. Above 25 mm Hg oxygen transport remains relatively 
constant with declining PaO2, Below 25 mm Hg a rise in cardiac output  is not 
associated with maintained oxygen transport. 

The investigations of Cullen and Eger 3 involved repeated exposure of each dog 
to hypoxaemie episodes at varying levels of halothane anaesthesia. Respiratory and 
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Fz~urm 4. Oxygen transport and cardiac output  in relation to reduced arterial oxygen tensions 
under light anaesthesia. 

cardiac arrest occasionally occurred at l~ght anaesthetic levels (for example, 0.75 
per cent end-tidal halothane). Changes in pH and arterial carbon dioxide tension 
may alter the response to hypoxia significantly, as may oligaemia. It would be un- 
justifiable to apply our results to conditions where more severe hypoxaemia, acidosis 
or oligaemia predominate. 

Adrenalectomy and splanehnicectomy destroy, although not completely, the 
humeral response to systemic hypoxiaP The effect of propranolol which we observed 
is consistent with the blockade of a predominantly B-adrenergic response. 

Cullen and Eger" were concerned about the extent to which depth of anaesthesia 
masks the cardiovascular signs of hypoxaemla in clinical practice. Our investigations 
show that hypertension, peripheral vasodilation and increase irt heart rate are 
prominent signs during light anaesthesia. 

In deep anaesthesia, changes in blood pressure and peripheral circulation in 
response to hypoxaemia are not dramatic. Changes in cardiac rate and, with tri- 
chlorethylene, changes in rhythm seem better guides to the presence of hypoxaernia 
in ventilated subjects. Since the respiratory response to severe hypoxaemia appears 
to be prominent even with deep methoxyflurane anaesthesia, 6 it is perhaps fortunate 
that most patients subjected to deep anaesthesia are allowed to breathe spon- 
taneously, 

CONCLUSIONS 

Under light and moderate anaesthesia hypoxaemia causes a rise in cardiac output 
due to increased stroke volume and heart rate. This response is similar whether 
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halothane or methoxyflurane anaesthesia is used, and prevents a severe fall in 
oxygen transport provided the arterial oxygen tension remains above 25 mm Hg. At 
lower arterial oxygen tensions the oxygen transport falls despite a sigrtifiearR in- 
crease in oardiae output. The clinical signs of hypoxaemia are dear, and, under 
trielalorethylene anaesthesia, arrhythmias are likely to occur. Peripheral vasodila- 
tion accompanies the hypoxaemia. The over-riding response in artificially ventilated 
dogs anae~thetised with methoxyflurane is sympathetie as it is largely blocked by 
propranolol, 

Under deep anaesthesia, the rise in cardiac output during hypoxaemia is not 
significant and is unlikely to maintain oxygen transport. Myocardial contractility 
(as measured by left ventrieular dP/dt)  rises much less than under light anaes- 
thesia. There is little evidence of additionaI peripheral vasodilation and some 
important signs of hypoxaemia are masked in the artificially ventilated subject. 
Mortality and morbidity rates are significantly high in dogs under deep anaesthesia, 
in contrast to good recovery rates in dogs under light anaesthesia. 

The conclusions are applicable only in the absence of oligaemia, acidosis, 
anaem~'a, asphyxia or more severe hypoxia, all of which may signit~eantly alter the 
response. The role of these factors requires further study. 

SUblNIARY 

Beagle dogs were anaesthetised with halothane, trichlorethylene or methoxy- 
t/urane, at various end-tidal concentrations and were ventilated to maintain arterial 
carbon dioxide tension constant. 

Under light anaesthesia, severe arterial hypoxaemia caused significant increases 
in cardiac output, stroke volume and heart rate and a decrease in total systemic 
vascular resistance. Oxygen transport values during hypoxaemia remained close to 
control levels measured when the dogs were breathing air, unless the arterial oxygen 
tension fell below 9.,5 mm Hg. Then the oxygen transport values fell despite signifi- 
cant increases in cardiac out-put. The clinical signs of hypoxaemia were clear in the 
lightly anaesthet~sed dogs. 

Under deep anaesthesia, the rise in cardiac output during hypoxaemia was not 
sigrtifieant and the total systemic vascular resistance did not fall. Oxygen transport 
values decreased from the control levels. Some clinical signs of hypoxaemia were 
less striking than in the lightly anaesthetised hypoxaemie dogs. Morbidity and 
mortality rates were high in this group. 

We conclude that the cardiovascular response to hypoxaemia was well main- 
rained only in those dogs under hght anaesthesia with the agents studied. 

l ~ s r s ~  

Nous avons anesth~si~ des ehiens Beagle avee de l'halothane, du trichlorethylene 
ou dn m~thoxyflurane, ~ diverses concentrations expiratoires et nous les avons ven- 
til~s de fa~on k garder cor~tant ]e COs art6riel. 

Sous anesth~sie 16g~re, une hypoxh~mie art~rielle marquee a entra~n~ des aug- 
mentations du d~bit eardiaque, du volume systolique, de la fr6quence cardiaqne et 
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une diminution de la r6sistance vasculaire totale syst6mique. Durant l'hypoxh6mie, 
lea donn~es du transport d'oxyg~ne sont demeur~es voisines des taux, chez les 
t6moins, lorsque les chiens respiraient de ]'air,/t moin~ que Ia PaO~ ait ~[t~ inf~rieure 

25 mm Hg. Alors |es donn6es du transport d'oxyg~ne on.t diminu~ malgr~ .lvz 
augmentations importantes du d6bit caxdiaque. Les signes cliniques Ehypoxh~mie 
6taient ~vidents chez les ehiens sons anesth~sie l~g~re, 

Sous anesth6sie profonde, | 'augmentation du d6bit cardiaciue durant l%ypox- 
h6mie n'a pas 6t~ tr6s marqu6e et la r~sistance vasculaire totale syst~mique n'a pas 
diminu& Les donn6es du transport d'oxyg~ne ont diminu~ par rapport aux donnfes 
trouv6es chez les t~moins. QueIques uns des signes clinique~ d~hypoxh~raie 6taient 
moins 6vidents que chez les chiens hy~xh6miques sous anesth6sie 16g6re, Dam ce 
demier groupe le taux de morbidi.t6 et de mortalit6 a 6t6 61ev6. 

Avec les agents empIoy~s, nous en venons/l la conclusion que la r6poase cardio- 
vasculaire ~ rhypoxh6mie ne lest  m aintenue que che~ les chicns sous anesth6sie 
16g6re. 
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