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SINCE 1Ts INTRODUCTION by Hudon, the halothane-ether azeotropic mixture has
earned a place of its own 1 the armamentarium of anaesthesia Numerous studies
have given detailed consideration to the climcal aspects of its administration and
stated factual information about its convemence, safety, and virtual lack of
unpleasant side-effects Adverse comments and controversial attitudes, sometimes
based on casual trial, nonetheless bespeak the influence exerted by this azeotrope
among other established agents Particular attention has been given to 1ts cardio-
vascular actions by Wyant,! Dobkin,? Déchéne’ and their collaborators The inter-
pretation of their measurements, however, remains difficult because their studies
are purely pharmacological, conducted ouiside the operating room and m known
artifial conditions The vahdity of theit methods rests on sohd foundations,
and this study does not mtend to refute therr conclusions However, their 1esults
can hardly be said to be those which one will encounter in daily practice Every-
body will agree that surgery 1s a far greater physiwological stress to the patient
than anaesthesia, and this fact should not be 1gnored when one 1s dealing with
the respiratory and cardiovascular activity of patients who, usually, are anaes-
thetized for and durmg surgery

The purpose of this report 1s to evaluate the vanous physiological responses
associated with the administration of halothane-ether azeotrope mn patients who
at the same time were submitted to minor surgical procedures The virtue of this
approach, as stressed by Price,* 15 that it describes changes which occur under
conditions likely to met m everyday practice In a preceding paper, we have
described the pharmacological effects of methoxyflurane during surgical anaes-
thesia 1n man ° As both studies were conducted mn exactly the same way, we shall
take the opportunity to draw a comparison between these two drugs

MATERIALS AND METHODS

The experiments were carried out on 20 patients, 7 males and 13 females
Their mean age was 453 years, the extremes bemg 21 and 76 years History,
physical examination, X-rays of the chest, and electrocardiogram were obtaned
in all patients, along with routine laboratory tests, and revealed no evidence of

*From the Department of Anaesthesia and Reamimation, Hétel-Dieu de Québec, Québec,
P Q Prcsented at the Annual Meet:ng Canadian Anaesthctists Society, May 10-14, 1964
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organic systemic disease Haemodynamic and re

m 9 of these patients, and additional data pertinent

OPIC MIXTURE 95

j,plratory studies were condudted

to metabolic and endocrine

functions were obtamed from 11 other patients anaesthetized under simlar

conditions

The method used has been described i a previous pubhcation® Briefly, 1t
nvolved the serial determination, before, during, and after anaesthesia, of

(a) Pulmonary ventilation This was obtaned fi
attached to the mask and located i front of the rebres

(b) CO, concentrations in expired gas This was m

Godart Capnograph and recorded on the Ommascriy

om a Wnight Ventilometer
thing circle

ymtored continuously on the
tor CO. output per mimute

)

[

was obtamed from plammetnc measurement of the area under the curve of CO,

concentration
(c) Artenal and mixed venous blood gas tensions

Artenal blood was collected

through a 21-gauge Lindeman needle inserted mto the brachial artery, mixed
venous blood was obtammed from a PE catheter 20 inches long fed through a
15-gauge needle driven mto an elbow vem Such catheters are very phable and

are readily mampulated centrally, the direction of

a few cases, radio-opaque material was mjected dow
subsequent roentgenogram showed its distal end to
atrium or at the lower end of the superior vena cava

fact was gamed by the measurement of venous pre

this pressure was mvariably below 5 ecm H,0, a fi
central location Samples of blood were removed at

lood flow guiding them In
n the venous catheter and a
be well placed m the nght
Additional evidence of this
ssure through the catheter
gure quite suggestive of 1ts
a steady rate over a period

of 30 seconds each, i order to obtamn a sample representative of the average

cardiovascular dynamics durmg this particular mmud
were being made Samples were at once analysed £

‘e while other measurements
or pH, Pco, and Po, on an

Epsco Medical Blood Parameters Analyser, Model 101, of the null detector type,

working at a standard temperature of 37° C
Arterial systolic and diastolic pressures were

stethacoustically monitored

through a mercury Baumanometer Pulse rate and electmcardlogram were supel-

vised with a Corbin Farnsworth Scopette

The caidiac output was determined by the carbon dioxide direct Fick tech-
nique, as desciitbed n our previous study This method, m our hands, yields

reproducible results Values of cardiac output at rest,

agree with accepted standards for patients of the a

before and after anaesthesia,
ge and sex of our patients

Total peripheral resistance was calculated by dlwdmg the mean arterial pressure
by the cardiac output, as indicated by Aperia n his classic formula$

mean arterial blood piessure

cardiac output m ¢ ¢ /sec

X 1332 = dynes/sec /em P

Particular attention was paid to the obtaining of a steady state before any

blood sampling was performed The presence of this

statc was appreciated by the

simlarnity of several consecutive determinations of pulmonary ventilation, and by
the stability of the CO, curve pattern as recorded from expired an
Some degree of sedation was found to be desnable before our patients were
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submutted to this set-up Hence, they received, one hour before the operation, a
moderate dose of meperidine along with atiopme 04 mg Anaesthesia was
mduced by mhalation thiough the mask of a mixture of 2 litres of oxygen, 2 litres
of mitrous oxide, and halothane-ether azeotrope in concentrations up to 5 per
cent, depending on the patient’s response No patient objected to this induction,
which was smooth, never stormy, and free of any adverse reaction Sleep was
produced very quickly, within 2 minutes, and operative conditions were obtained
mn 4 to 6 minutes Surgical anaesthesia was mamntamed with halothane-ether
vaporized through a Vermtrol Vaporizer using a semi-closed system with 4
littes/min total gas flow and not less than 50 per cent oxygen mixed with mtrous
oxide Stable maintenance, free of pamn, refleces, or overdosage, was obtamed
with concentrations of azeotrope fluctuating between 12 per cent and 25 per
cent We should like to emphasize at this pomnt that we have attempted to
elminate many factors which might interfere with the study of pharmacological
actions of halothane-ether azeotropic mixture, such as the admimstration of a
shofacting barbiturate at induction, endotracheal intubation, positive pressure
n the airway either by assisted or controlled respiration, curares, solutes or blood
transfusion Anaesthesia was kept at a moderate level, generally between the
second and third planes of surgical stage III, as assessed by the absence of muscu-
lar movement 1n response to surgical sttmplation, and by other standard Guedel
criterita Respiration was left unassisted throughout

REesuLTs

Respwratory Effects

Table I shows the minute volume of ventilation, the rate of breathing, and
CO; tensions m arterial blood before, during, and after halothane-ether anaes-
thesia Respiration before induction of anaesthesia was sometimes shghtly de-
pressed, likely owing to the premedication just received Maintenance during
surgery, at the level of narcosis used, was attended by no respiratory depression
The mean pulmonary ventilation before anaesthesia was 6465 c ¢, during surgery,
6877 cc (P > 005), after surgery, 1t rose to 8400 c ¢ This sigmficant increase
atter surgery illustrates two properties of the azeotrope weak analgesia at
emergence and virtual absence of respiratory depression m the 1ecovery 10om
In any case, Pco, remained well between 36 to 45 mm Hg, a range considered as
normal by most laboiatories With methoxyflurane, as we pomted out n our
previous study, the pulmonary ventilation remamed adequate for noimal gas
exchange in moderate levels of anaesthesia Most probably, the depressive effect
of these two drugs was counteracted by stunuli from the operative site However,
theie 1s a cleai-cut difference between respiratory patterns with these two agents
With halothane-ether, there 15 a remarkable tiend towards tachypnoea, a pheno-
menon well known with halothane alone, 1n our 9 patients, the rate rose from
19 to 27 per minute, a mean increase of 37 per cent (P < 002) Hence 1t 1s
possible that Pco, rises even if total pubmonary ventilation seems at first to be
acceptable, alveolar hypoventilation being chiefly the result of an increase 1n
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TABLE 1

REsSPIRATORY DATA PRECEDING AND ACCOMPANYING I‘l‘iE ADMINISTRATION OF
HALOTHANE-ETHER TO 9 PATIENTS BREATE{INGIS‘PONTANEOUSLY

v Halothan‘e-
Pulmonary ‘ ethert
Time ventilation CO» CO;output concentration
Patient (min ) (L /mn ) Frequency (m Hgb (cc /min) (%)
| ‘
1 —15 4640 13 7 4{ 1 185 6
15 5130 13 1 46 4 165 7 5
30 6050 29 7 48 4 183 9 25
60 8150 45 8 44 1 244 5 25
90 6750 19 8 39 8 259 2
2 —15 3700 24 47 6 95 9
20 4570 21 4 44 2 155 3 4
45 5650 27 7 40 1 167 9 2
60 6250 30 6 44 1 137 5 25
105 4175 36 1 46 3 78 5
3 —15 9600 20 30 5 288
30 7125 32 55 7 213 7 3
60 10180 26 39 6 315 5 25
75 6350 20 43 0 219 2
110 7600 18 36 9 266
4 —15 3050 22 37 5 93 5
20 5100 30 35 3 163 8 4
45 4000 29 5 35 5 116 0 25
90 6300 30 36 8 151 2 2
120 6000 28 37 5 126 05
150 6000 20 38 1 180
5 —15 13450 20 38 2 484
25 8400 20 5 45 4 496 4 25
60 11100 17 5 37 7 399
6 —15 6353 24 4 40 1 206 7
40 6220 14 42 8 279 9 5
60 6530 16 4 45 2 271 6 2
75 6700 17 44 6 274 7 1 25
120 8130 26 38 9 243 9
7 —15 4700 13 39 3 194 6
15 7240 20 33 8 249 7 5
30 8830 21 36 1 284 3 25
90 9200 26 37 8 338 5 25
1056 %600 26 30 2 286 3 2 2
120 9600 21 29 6 330
8 —15 6050 20 40 7 229 9
30 5000 25 44 5 170 25
45 9300 40 41 5 207 6 25
90 9250 32 45 5 259 12
120 10750 30 39 6 357 9
9 —15 6650 21 35 8 242 7
30 6100 37 40 4 183 2
60 7850 37 42 1 329 7 12
90 5700 32 85 193 8 12
120 6800 33 35 3 251 1
180 8400 22 40 2 252

dead volume ventilation With methoxyflurane, most observers agree that the
respiratory rate progressively decreases during the course of anaesthesia, shallow
bradypnoea always indicating very deep narcosis

CO,, output may be used mdirectly to appremateT the basal metabolic rate
during anaesthesia There 1s a well-known relatlonsh‘lp between cardiac output
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and body metabolism 7 * T'heretore, 1t is reasonable to suspect that tihe administra-
tion of a drug which lowers O, consumption and CO, production could also be
attended by a low cardiac output, and vice|versa Methoxyflurane usually mduced
a significant depression of CO, production and elimmation, from a mean of
240 c c before anaesthesia to a mean of 199 cc during anaesthesia The azeo-
trope, however, seems to cause a very shght increase m CQ. output Before
anaesthesia, the mean CO, output was 224 cc, during maintenance, 232 cc, a
difference too small to be of statistical value (P > 005), but nevertheless indica-
tive of a positive tendency Diethyl ether has been shown to produce hyper-
metabolism during anaesthesia, possibly gwmg to a release of epmephrme and
central sympathetic stimulation ° 1°

Metabolic Effecis

Figure 1 presents a summary of the relationship between Pco,, pH, and CO,
content m the arterial blood of our 9 patients anaesthetized with the azeotrope
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Ficure 1 Effect of the halothane-ether azeotrope on acid-base
balance 1n nine patients breathing spontaneously 1, before mduc-
tion 2, during mamtenance, 3, at the end of the operation, 4, aftcr
complete recovery (after Davenport2?2)

This study suggests that no important variation in acid-base balance follows the
admunistration of this agent Dobkin,? reporting on 10 cases i 1959, 1eached the
same conclusion It 1s unhkely that the cther fiaction of the azeotiope would
mnduce the same metabolic acidosis as ether administered alone This 1s a question
of dosage and concentration, during stiaight ether anaesthesia, a patient 1s
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exposed to a concentration of about 4 per cent for maintenance, while with the
azeotrope, for the same level of anaesthesia he will recerve only 08 per cent
ether vapour Hudon,® Dobkin,!! and thewr collaborators reported a shght trend

towards metabohc acidosis with methoxyflurane, this disturbance bemng, mn ther
view, small and msignificant

An mmportant metabohc effect of halothane-ether anaesthesia 1s a change m
blood glucose durmng 1ts admimstration Blood glucose T/’as evaluated m 6 patients
anaesthetized with the azeotrope alone, who received no dextrose perfusion
during anaesthesia Figure 2 summarizes the experimental data found m these
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o
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TIME FROM INDUCTION ( min )

Ficure 2 Mean blood glucose levels 1n five patients submiited to halothane-ether anaesthesia

patients Blood glucose increased significantly in every patient the mean value
before anaesthesia was 088 gm %/, the concentration after 20 minutes had almost
doubled, to 1 61 gm %, (the significance of the difference being highly positive at
the 5% level) Later on, mean blood glucose sustamed an elevated plateau at
130 gm %o till the end of anaesthesia Blood glucose levels were not studied
once these patients left the recovery room The reason why the azeotrope can
produce hyperglycaemia, yet cannot induce a metabolic acidosis, 15 unknown at
the present time It only suggests that ether acidosis may be unrelated to ether
hyperglycaemia ! However, this study clearly indicates that the halothane frac-
tion does not block the hyperglvcaemia induced by the ether fraction of the
azeotrope
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Cardwvascular Effects

Table II gives the major haemodynamlc‘ findings 1n each case

1 Heart rate This was always mgmﬁc]antly decreased durmg halothane-ether
anaesthesia Figure 3 1llustrates this predommant effect One patient experienced
nodal rythm, an airhythmia which 1s CO'\mmo‘nplace with methoxyflurane, halo-
thane, and even with ether
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Ficurr 3 Averige heart rates in nine patients anaesthetized with the halothane-
ether azeotropic miture

2 Blood pressuie With the patients moderately anaesthetized with the
azeotrope, the deciease 1n aitenal systolic pressure was very shght—from a mean
of 126 mm Hg before to 109 mm Hg during maintenance (P < 001) Diastolic
pressure did not vary Postoperatively, the blood pressure remamed at pre-
anaesthetic levels in most of our patients Incidentally, this small disturbance n
arterial blood pressure was very similar to the one we noticed during methoxv-
flurane anaesthesia

3 Cardwc output Although three groups of investigators have reported the
occurrence of myocardial depression during halothane-ether anaesthesia, the
data presented above demonstiate that in all our cases the administration of the
azeotrope was followed by a sustained increase 1n cardiac output durning surgery
The cardiac output at rest for the 9 patients considered to be mn a basal state
averaged 4973 c ¢ per mmute Maintenance of anaesthesia was accompanied by
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an mcrement 1n cardiac output to a mean of 6692 c ¢ per minute, this 54 6 per
cent increase, submitted to Student’s t-test, proved to be sigmficant at the 5 per
cent level Only when overdosage was obtamned and blood pressure reduced to
marked hypotensive levels did the cardiac output decrease In no nstance dad
cardiac output decrease after anaesthesia mean cardiac output at emergence was
5550 c ¢ per minute, this shght increase being insignificant (4-11%, P > 005) In
four of these studies, the cardiac output did not rise appreciably immediately after
induction, this 1s due to lagher concentrations and deepel anaesthesia concomtant
with the induction period

On the whole, this picture 15 quite different frubm what we observed i 20
normocapmc patients studied under comparable conditions during methoxy-
flurane anaesthesia From a mean cardiac output of 5549 c ¢ per munute before
mnduction, 75 per cent of those patients presented a| 20 per cent decrease m their
cardiac output during maintenance, and 60 per cent esperienced a 38 per cent
decrease m the recovery room

4 Perpheral resistance Vasodilatation 1s a pecullar feature of halothane-ether
anaesthesia This statement should be easily accepted, 1t 1s substantiated by the
fact that both ether and halothane have b}ien reported to lower peripheral re-
sistance Total peripheral resistance fell markedly and constantly in our 9 patients
during mamtenance with the azeotrope mmtially at/1836 dynes/sec cm —5, 1t fell
to 1215 dynes during mamntenance (mean decrease} 33%, P < 0001) In the re-
covery room, these patients still exlibited, although to a lower degree, some
residual vasodilatation which accounted for their excellent colour theiwr skin was
pink, dry, and warm (mean resistance 1456 dynes/sec cm—%) In order to
confirm this vasodilatation during halothane-ether admimstration, cutaneous tem-
perature was momitored with a Yellow Spring Thermistor thermometer in 5
patients during extrathoracic and extra-abdominal operations Very soon after
induction, each patient showed a 3° F increase skin temperature, this icrease
being sustamned afterwards for the whole duration of anaesthesia Incidentally,
this 1s the usual increase occurring after surgical or pharmacological sympathec-
tomy Meanwhile, the central temperature changed very httle This vasodilatation
15 conspicuous on the whole body skin surface, but is particularly well illustiated
at the level of the vascular network of the bulbar conjunctiva Figure 4 gives
pictuies of the same eye before and during anaesthesia with the azeotrope They
show an unquestionable increase m vascularity Micrometric measurements of
these vessels beneath the microscope as they appear on colour shdes disclosed a
45 per cent mcrease i the calibre of conjunctival vessels duiing anaesthesia

Methoxyflurane departs widely from these features Its admimstration has been
shown to produce mn most of our patients a sigmficant mncrement m peripheral
resistance, this vasoconstriction bemng related to the concomitant fall m caidiac
output Figures 5 and 6 1epresent this vasoconstriction as mamifested at the level
of the bulbar conjunctiva before, during, and after anaesthesia with this drug

5 Myocardwal work Left ventiiculai work agamst pressure was calculated as
the product of mean brachial artenial pressure and cardiac output, and expressed
in kilogram-metres per minute > The omission of kinetic energy n this calculation
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Ficure 4 Aspect of the on) n tval 1s lar n t ork befor (top) and d ng (bott m)
halotha ethe anae the a (M gnf aton33)
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Ficure 5 Aspect of the bulbar conjunctiva before (top) and dunng (bdttom) methoxy
flurane anaesthesia (Magnification 5 3)
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. SIGURE 8 Aspect of the bulbar conjunctiva after methoxyflurane anaesthesia (Magmfication
ordmnarily mtroduces no serious quantitative error During halothane ether anaes
thesia myocardial work agamst pressure as shown from data i Table II was
not decreased proportionally to the decrease in peripheral resistance load thus
suggesting that even if vasodilatation was beneficial to the heart 1n the sense of
efficiency the motropic actiity of the heart was further enhanced by some
hormonal humoral or reflexogenic mechanism

Discussion

We shall now try to give tentative explanations of our results The data pre
sented above suggest that when a moderate dosage of the halothane ether
azeotropic mixture was admnistered to patients two major dynamic alterations
were induced vasodilatation and increase of cardiac output Climical experience
leaves little doubt m our minds that both effects occur and are of significance

The ability of halothane to cause vasodilatation and to block effectively the
excitatory effects of catecholamines on blood vessels has been repeatedly noted
There also exists some evidence of inhibition of the adrenal medulla durmg its
admmistration However as reported by Burn'® and Millar and Morrs * this
blockade 1s rather mcomplete at the level of gangha and synapses and most
probably does not inhibit the release of the adrenergic transmitter in response
to adrenergic nerve shmulation This partial blockade seemingly takes place
the vascular wall itself 15 1817 on alpha a?irenerglc receptors through a mechanism
of mhibihon or competition This inference gams additional confirmation from
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the fact that vasopressors which act specifically on : (t a
poorer response durmng halothane anaesthesia, so 1t 1s possible that the rather
impressive vasodilatation seen during halothane-ethes anaesthesia might be due
to the effective inhibition of neurogemc tone by direct action of the halothane
fraction on vessels -

On the other hand, halothane-ether seems to afford some protection to the
heart itself This seems logical if one remembers that cardiac muscle and the
coronary vascular bed are essentially lacking m alpha 1eceptors ¥ Adrenergic
blocking agents, which readily block alpha receptors, have been shown to have no
direct effect on the heart itself Nickerson!® reports 1 his review of the question
that none of a wide vanety of natural and synthetic agents which effectively
block the excitatory effects of epmephrine in smooth muscle 1s capable of giving
a clear-cut blockade of its excitatory effects in mammahian heart Goodman and
Gilman?®? are m complete agreement with this statement In thewr view, adrenergic
stimulation of the heart 1s yet possible after adreneigic blockade So the heart
during hght and moderate halothane anaesthesia 1s|potentially able to answer
adrenergic stimulation This 1s where the ether fraction of halothane-ether comes
in Ether has been shown to improve ventricular function and cardiac efficiency
by its stimulating action on sympathetic centres Whether this stimulation 1s
neurogenic or humoral or both at the same moment 1s yet unknown One fact
remains experiments designed to demonstrate that ether admimstration reduced
the contractile force of the heart were performed either on 1solated mammalian
hearts or mn sympathectomized individuals But during climcal halothane-ether
anaesthesia, the sympathetic nervous tracts leading to the heart remain relatively
unaltered, and seemingly able to fire at a high rate The mncrease 1n cardiac output
we noted m our patients 1s strong presumptive evidence that this drug had,
erther by 1ts direct action on the heart or by an mdirect action through sympa-
thetic stimulation, improved ventricular function and enhanced cardiac efficiency
as a whole

One need not fear sympathetic activity during anaesthesia In our opmion,
every anaesthetic agent currently in use leaves some degree of wakefulness to
the sympathetic system One can praise an anaesthetic drug whose admimistra-
tion weakens sympathetic centres, mterrupts adrenergic jeflexes at the level of
the gangha, 1solates the adrenal medulla, and even abolishes receptor response,
till the day when one 1s faced with the overwhelming dilemma of providing
anaesthesia to a patient whose catecholamine stores have been depleted and
adrenergic system really dampened, let us say by previous reserpine treatment
Then one realizes how mmportant these sympathetic neivous reactions are m
terms of survival and response to acute stress

We have shown that methoxyflurane protects this sympathetic reactivity, but
theorically through some threat to peripheral perfusion When methoxyflurane
anaesthesia 1s prolonged or deep, direct myocardial depression 1s readily comi-
pensated by mtense vasoconstriction of the peripheral vascular bed, which s
readily appreciated chmically by the pallor of the skin, decreased tegumental
tempeiature, cyanosis of nailbeds and mucous membranes The halothane-ether
azeotropic mixture departs from these features if, on the one hand, its halothane
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fraction induces sustained vasodilatation, ity ether fraction, on the pther hand,
compensates by enhancing strength of cardiac contraction, cardiac efficiency, and
output Thus, 1deal conditions are set up flor visceral perfusion Agccording to
hydraulic principles, 1t 15 far more logical, in order to mamtam ideal visceral
perfusion, to dilate the perpheral vascular bed while stimulating the pump, than
erther to constrict the periphery after having depressed the pump, or to depiess
both vascular tone and myocardial action Faj trom being illogical?! the azeotrope
proves to be a pharmacologically sound, balanced association, one component
correcting some deficiency of the other

Finally, 1t must be recogmzed that with veiry deep anaesthesia, with the
azeotrope, the heait 1s weakened by direct aqtion of the drug on the myocardium
itself If we combine (a) the beneficial effe(t of decreased peripheral resistance
on the heart, (b) the effect of sympathetic reflex stimulation, and (c) the dnect
weakening action of halothane-ether on the heart, we come to the conclusion that,
in light to moderate planes of anaesthesia, the first two factors predomimate,
with a deepening level of narcosis, the three factors may well cancel out, with
very deep anaesthesia, cardiac output 1s dimimished to an extremely low level!

SuMMARY AND CONCLUSION

The admimstration of halothane-ether azeotropic mixture to the surgical
patients mcluded n this study produced noliespiratory depression, no acid-base
disturbances, a clear-cut hyperglycaemaa, H»radycardla, a definite reduction
peripheral resistance, and an elevated cardiac output The above observations
suggest an absence of significant myocardial depression with the azeotrope when
used i normal clinmcal concentrations A sustamned mcrease m myocardial
efficiency 1s produced, which might be beneficial i terms of visceral pertusion
In our opmon, cardiac sympathetic nerves and beta 1eceptors are not blocked
by the halothane fraction, theiwr activation by the ether fraction being a major
tactor of safety for the heart Mutual corrective eftects of these two fractions
result in a sound, balanced anaesthetic state

So far halothane-ether and methoxyflurane have been shown to differ in many
1espects In the future, 1t will be possible to stress with more precision the indica-
tions for each For the time bemg, what we appreciate most in methoxyflurane
1s 1ts wide margin of safety and the remarkable stability it gives to haemodynamcs
during mamtenance What we appreciate most i the azeotiope 1s 1ts flexibility
(at the price, 1t 1s true, of a somewhat narrower margin of safety) and the
preservation of a warm, pink, and dry patient who, to the satisfaction of all
concerned, will fall asleep quickly and will rapidly awaken from sleep *
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