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CARDIOVASCULAR EFFECTS of anaesthetic agents are an important consideration for 
the anaesthetist in the management of any patient and particularly so in patients 
with pre-existing myocardial disease with some degree of hypovolaemia. Many 
patients have been lost from sudden or gradual cardiovascular effects of each agent 
and the potential consequences of each technique. It is important also to know the 
effect of anaesthetic agents and techniques in promoting changes in acid-base 
status, since this in itself is most likely to have a marked and deleterious effect on 
the cardiovascular system. 

Reports of the effects of various anaesthetic agents upon the cardiac output have 
been conflicting. This is understandable in view of the large number of factors 
which relate to, or in some way modify, the cardiac output. Not the least of these 
are the often unrecognised effects of alterations in acid-base balance occurring 
during anaesthesia. It has been a common experience of research workers that the 
cardiac output of dogs under apparent steady state pentobarbitone frequently 
shows great variation in cardiac output between repeated determinations on the 
same animal. Some difficulties in co~elating the effects of specific anaesthetic 
drugs are the result of marked acid-base changes. With several anaesthetic agents 
it has now been shown experimentally that with Pa~.o._, held steady at 40 - 3 torr, 
cardiac output, stroke volume and heart rate consistently decline with decreasing 
pH. 1-~ When compared at MAC-1 levels of anaesthesia these results are surprisingly 
similar between anaesthetic agents, but there are demonstrable differences in the 
slope of depression. 1-6 

In clinical anaesthesia, diethyl ether was long considered the safest general 
anaesthetic, probably because of minimal effects upon the ordinary obiective 
clinical measurements of cardio-vascular performance. This seems inconsistent 
with the observation that moderately severe metabolic acidosis frequently develops 
during an ether anaesthetic of long duration. Consequently it was decided to study 
the cardiovascular effects of deliberately induced acid-base abnormalities in dogs 
anaesthetized with diethyl ether ( MAC-1 ). 

This work was carried out at the University of Toronto, Anaesthesia Research Laboratory at 
St. Michael's Hospital, Toronto. 
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METHODS 

Anaesthesia was induced with thiopentone in 25 mongrel male dogs, with 
chronically implanted electromagnetic flow probes (EMF) on the ascending aorta, 
and the trachea was intubated. Anaesthesia was maintained with a constant expired 
concentration of 3 per cent diethyl ether ( MAC-1 ) 7 using a copper kettle vaporizer, 
Ventilation was achieved with a volume-controlled animal ventilator during 
succinyl-eholine apnoea. Expired carbon dioxide was monitored with an infra-red 
analyzer to facilitate maintenance of ventilation appropriate to an arterial carbon 
dioxide tension of 40 • 3 torr. 

The femoral artery was cannulated and blood pressure was recorded using a 
resistance transducer. Arterial cannulation allowed blood sampling for determina- 
tions of arterial pH, Peon, Po~ and electrolytes. The arterial blood levels of diethyl 
ether were determined by gas chromatography. A central venous pressure catheter 
was in situ for measurement and intravenous infusion. Oesophageal temperature 
was measured by a telethermometer and maintained at 37 ~ --- 1 ~ C. Blood gas 
analyses were corrected to animal temperature using appropriate correction 
factors, s-0 

The electromagnetic flow probe was connected to a Beckman recording dyno- 
graph and a flow wave was obtained. An integral of this wave form was triggered 
by the electrocardiogram QRS to obtain a trace of stroke volume for each heart 
beat, according to the method of Scher, et al. 1~ Comparison of this method for 
determination of cardiac output with the dye-dilution technique has shown a good 
correlation coefficient of 0.9.11 

Four acid-base states were created and studied; metabolic acidaemia and 
alkalaemia, respiratory acidaemia and alkalaemia. Metabolic acidaemia data were 
obtained by two methods: 

(a) exogenously produced by the infusion of 20 ml of 0.6 Molar hydrochloric 
acid. 

(b) by carefully induced hypoxia through reduction of the inspired oxygen 
concentration (FIo._,) to 0.1 or less. 

Measurements of cardiac output and arterial blood gas determinations were 
made approximately 25 and 35 minutes after acid infusion or after 25 minutes 
recovery from hypoxia. Metabolic alkalaemia was produced by the intravenous 
infusion of 20 ml of 5 per cent sodium bicarbonate. Again cardiac output measure- 
ment and blood gas determinations were made approximately 25 and 40 minutes 
after alkali infusion. 

Respiratory acidaemia was' studied during alterations of inspired concentrations 
of carbon dioxide at steps of 0, 5, 10, 15, 20, 15, 10, 5, and 0 per cent. Cardiac output 
measurements and blood gas determinations were obtained 20 minutes after each 
change in per cent carbon dioxide. Respiratory alkalaemia data were obtained 
using constant volume hyperventilation and incremental removal of mechanical 
dead space. Cardiac output determinations and blood gas determinations were 
obtained 20 minutes after each decrease in mechanical dead space. 

A laboratory animal was subiected to one acid-base state on one laboratory day. 
Occasionally, an animal was re-subiected to the same acid-base state to determine 
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whether similar results would be obtained. Where possible, laboratory animals 
were subjected to other acid-base states after a suitable recovery period from 
earlier experiments. These animals were only used when baseline values for cardiac 
output and blood gas determination were shox~a to be similar to previous acid-base 
studies. 

RESULTS 

(1) Repetition of infusions of 0.6 M hydrochloric acid or episodes of hypoxia 
produced a series of cardiac output values at varied pH levels with Paco.., 
held constant at 40 --- 3 torr. The data from these experiments show that there 
was considerable variability between individual dogs. In general, however, 
cardiac output at first declined only slightly with decreasing pH (Figures 1 
and 2), but a more marked fall became evident in severe metabolic acidaemia. 
In order to make comparisons between experiments the cardiac output in 
]itres per minute was converted to per cent change in cardiac output and 
plotted against pH. The mean slope fi'om the individual regression lines for 
four exogenous metabolic acidaemia experiments is +1.301 --- a standard 
error (SE) 0.316 (Figure 1). The mean slope from regression lines of two 
hypoxia experiments is +3.62 S.E. • 0.210 (Figure 2). 

(2) Respiratory acidaemia data from six exoeriments shows that cardiac output 
usually increased slightly with each increase in concentration of inspired 
carbon dioxide, but again there was considerable variation between individual 
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FmuaE 1. Data from four HC1 infusion metabolic acidaemia studies converted to a percentage 
to show the linear relationship of pH to per cent cardiac output. 
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FmonE 2. Data from two induced hypoxia metabolic aeidaemia experiments converted to a 

percentage to show the linear relationship of pH to per cent cardiac output. 

dogs and one of these responded by an actual decrease in cardiac output. 
When this data was converted to percentage chan~e in cardiac output the 
mean slopes from individual regression lines obtained in these six experinaents 
is -0.430 S.E. --- 0.231 ( Figure 3 ). 

(3) Respiratory alkalaemia data obtained in three experiments during which 
cardiac output was obtained to decrease with hypocapnia. The average slope 
of individual regression lines of the decline of per cent change in cardiac 
output plotted against pH for these three experiments is -1.235 S.E. • 0.405 
( Figure 4). 

The duration of the respiratory studies were ordinarily three hours or more 
after which cardiac output and other cardiovascular parameters had ordin- 
arily returned to levels closely similar to original base line. Consequently, 
these serve as a sort of control for the metabolic acidosis series to rule out the 
possible criticism that duration of anaesthesia per se might have caused the 
observed decrease in stroke volume and cardiac output rather than being the 
effect of the induced changes in pH. 

(4) Metabolic alkalaemia data were obtained in five experiments. Alkalaemia was 
induced by infusion of 5 per cent sodium bicarbonate during which cardiac 
output was again observed to decline with variable results. The average slope 
of individual regression lines of the decline per cent change in cardiac output 
plotted against pH for these five experiments is -2.047 S.E. - 0.262 (Figure 5). 
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FlCUnE 3. Respiratory acidaemia data from six studies converted to a percentage to show the 
linear relationship of pH to per cent cardiac output. 
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FIGUXaE 4. Data from four respiratory alkalaemia studies converted to a percentage to show the 
linear relationship of pH to per cent cardiac output. 
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FIt';URE 5. Metabolic a]kalaemia data from five studies converted to a percentage to show the 
linear relationship of pH to per cent cardiac output. 

Discuss ion  

In contrast to the studies with phenobarbitone, ~ halothane, 2-a fluroxene ~ and 
methoxyflurane, 6 in which the decline in cardiac output was in direct proportion 
to the decrease in pH, whether produced by acid infusion or as a metabolic result 
of hypoxia, during diethyl ether anaesthesia there was frequently little fall in 
cardiac output with decreasing pH until severe metabolic acidosis was produced. 

Similarly with increases in the concentration of inspired carbon dioxide the 
observed moderate increases in cardiac output were usually less marked than had 
been found'with other anaesthetic agents? -6 

Thus it seems that in some way diethyl ether anaesthesia at first protects against 
the adverse effects of induced acid base abnormalities as seen with other anaes- 
thetic agents. It appears that this may be related to inherent characteristic changes 
in perfusion, variaion in autonomic response, catecholamine release by ether or 
some other factors. This tends to confirm the clinical impression of cardiovascular 
stability usually exhibited by diethyl ether anaesthesia, but leaves the reason 
unexplained. 

SUMMARY 

The effects of acid-base changes on cardiac output during diethyl ether anaes- 
thesia were studied in 25 mongrel dogs prepared by surgically implanting a plastic 
encased non-ferrous core electromagnetic probe on the ascending aorta. The 
findings are: 
(1) Metabolic acidaemia produced only slight decrease in cardiac output but a 

more marked fall became evident with decreasing pH. 
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(2) Respiratory acidaemia led to a slight rise in cardiac output. 
(3) Respiratory alkalaemia decreased cardiac output. 
(4) Metabolic alkalaemia also produced a decline in cardiac output. 
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R~SUM~ 

Les auteurs ont &udi~ les effets sur le d~bit cardiaque des modifications de 
l'~quilibre acide-base au cours de ranesth~sie h r~ther chez 25 chiens. On avait 
pr~alablement proc~d~ chez ces chiens h une implantation chirurgicale d'une sonde 
~lectromagn&ique ~t noyau non-ferreux, plac~ sur l'aorte ascendante. 

Les r~sultats obtenus ont ~t~ : 
1. L'acid6mie m6tabolique ne produit qu'une 16g+re diminution du d6bit eardia- 

clue, mais une baisse plus importante se manifeste avec un pH plus abaiss6. 
2. L'acid~mie respiratoire provoque un l~gbre augmentation du d6bit cardiaque. 
3. L'alcal6mie respiratoire abaisse le d6bit cardiaque. 
4. L'aleal6mie m~tabolique produit ~galement une diminution du d6bit cardiaque. 
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