
A STUDly OF
METHOXYFLURANIE ANAESTHESIA

R. A. MILLAR, M.D. ~EDIN.L M.SC., F.F.A.R.C.S.,* AND
M. E. MPRRISI M.D., C.M.*t

DURING ANAESTHESIA with methOXYflflrane (l,l-difluoro 2,2-dichlor<;> ethyl
methyl ether: CHa-O-CF2CHCb), hypot nsion occurs as depth increase~,l while
arfonad infusion is said to have a grea er effect than with other ana~sthetic

agents. 2 These and other clinical observ~tions have stimulated this brief] report,
which concerns an assessment of sympa~ho-adrenal and other res~onse~ during
a steady state of methoxyflurane anaes~hesia in dogs, and durinp subpequent
periods of hypercarbia and haemorrhagiq hypotension.

MET-fIOD

Eight dogs (average weight about 1 kg.) were anaesthetized with 2.5 per
cent thiopental and the trachea was intubated with a no. 10 cuffed Maglill tube,
which was connected 'via a Ruben non-r breathing valve to a 1O-L. flow of 100
per cent oxygen. Two animals were allow d to breathe spontaneously thrpughout
the entire study; the remaining six were entilated with a Bird respirator (Marks
4 and 8). A temoral artery was cannul ted for collection of blood samples,and
recording of blood pressure (Statham tratlsducer and Sanborn recorder). Heparin
(Connaugnt Labs. 1,000 units/m!.) wa given to all dogs in an initial dose of
2 mg.jkg., supplemented by 1 mg.jkg. n three studies.

After the initial period of breathing 00 per cent oxygen (the averq.ge total
thiopend'l" dosage being 23 mg./kg.) cOf-tra] blood samples were taken and the
oxygen flow was directed through mdhoxyflurane in a Boyle's ethe - bottle,
adjusted to give average concentrationI' of approximately 0.6 per c'ent (range
0.55 to'/0.78 per cent). Blood samples ~rere withdrawn 30, 60, and 120 minutes
after starting methoxyflurane adminis~ration. Thereafter, in five exp riments
(two with spontaneous respiration and ~hree with controlled ventilation), 20 per
cent carbon dioxide in oxygen was used as the vehicle for vaporizing ethoxy
flurane, and further blood samples were Icollected after 30 and 60 minut . In the
remaining three studies, the dogs were subjected to a haemorrhage of approxi
mately 20 ml./kg., and a second haemorrhage of 10-14 ml./kg., blood samples
for assay being taken approximately 151 minutes after each haemorrh~ e.

Each blood sample included 35 ml. ~or plasma adrenaline and nora renaline
assay,a 2 ml. for blood glucose estima~on,4.5 and 8

1
mI. collected ana~robically

for determination of pH and pC02 of \fhole blood apd bicarbonate of ~eparated
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plasma at a pC02 of 40 mm. Hg.6 Aftfr eacp sample an equal volume of normal
saline was injected intravascularly.

Student's t-test was employed for statisti~al analysis of the data.

R~SULT~

When these studies were btrgun, tge in~ntion was to assess some effe9ts' of
methoxyflurane during both spontaneous a d_controlled respiration, but i1 one
early experiment respiratory depression as so pronounced that progr~~sive

severe carbon dioxide accumulation occurre as anaesthesia continued (Tabjle I).
In the dog, methoxyflurane is clearly a Pftent respiratory depressant inl con
centrations below 1 per cent. Subsequent efperiments were thereforf condfcted
with controlled respiration. Muscle relaxrnts were not required to p~vent

spontaneous respiratory movements durin~ ventillation with met~oxyfl rane.
Table II presents the average data ob ained from seven experiments and

shows that during a steady state of metho yflurane anaesthesia lasting for two
hours, within an average arterial pC02 ran e of 25-35 mm. Hg, no consistent or
statistically significant changes in pla~ma dren~tline or noradrenaline coyld be
detected. The acute respiratory acidosis in uced by ventilation with 20 per cent
carbon dioxide in oxygen during methoxy urane anaesthesia, evidenced br the
lowered pH and increased pC02, caused c09sistent increases in plasma cateethola
mine concentrations. The rise in plasma aprenaline, from 0.15J.Lg./L. at a pC0 2

of 32 mm. Hg to 0.74 at a pC02 of 173 mml Hg (30 min.), and to 1.4 J.Lg.j~. at a
pC02 of 193 mm. Hg (60 min.), was high! significant (p <0.01). Plasma nora
dranline increased significantly (p<0.05) fr m 0.23 J.Lg./L. to 0.58 J.Lg./L. after 30
min., and increased further to 0.93 J.Lg.jL. after 60 min. (not significant ~tatis

tically because of the wider range of values measured).
As a result of haemorrhage (three expe iments), highly significant incfeases

in plasma adrenaline occurred (p <0.01), f om 0.15 J.Lg./L. to 0.50 and 2.2 g./L.
after the first and second haemorrhages fespectively. The smaller incre se in
plasma norad~enaline evident ~fter the seco~d bleeding was ~ot ~i~n~flicant.
Haemorr"hage lllduced hypotensIon, tachytardIa I and a metabolIc aCldos+

Little change in blood glucose occurredtduring the 120 minutes of unc1mpli
cated methoxyflurane anaesthesia, but hy ercarbia was accompanied by ,ighly
significant rises (p <0.01). Blood glucose als increased as a result of haemoqhage,
but not significantly.

Mean arterial pressure decreased gradualjly during methoxyflurane anaes 'hesia,
from an average control level of 110 mm. IjIg to 74 mm. Hg after two hou s, the
greater change being in systolic pressure. Bleart rate increased in five experi ents
and decreased in three. The early respon~e to carbon dioxide was a con istent
fall in diastolic pressure, with more variafle changes in systolic pressure. After
one hour of hypercarbia, mean arterial p~essure was ~ecreased to 57 m . Hg,
largely accounted for by the reduced dia~t-olic pressu~e.

In two initial studies, spontaneous respiration was a~lowed to continue 1Uring
methoxyflurane administration. In one of these, artJrial pC02 increase only
moderately, to a maximum of 55 mm. H~, and the findings are included "n the
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average data shown in Table II. In the otheli1expej.ment, which is excluded from
the averaged results, the respiratory rate after two ours of 0.61 per cent methoxy
flurane was only 2 per min. at an arterial pCP2 of. 35 mm. Hg (Table I). In this
study plasma noradrenaline concentrations 'Yere c nsistently higher than in any
of the other seven experi1;l1ents, although die ear y rise from a zero level at a
pC02of 24 mm. Hg to 1.4 J.Lg/L. at a pC02 of 74 mnt. Hg was not fully maintained
thereafter.

No cardiac arrhythmias were noted on the lood pressure rec9rd during
methoxyflurane administration. In one study an rrhythmia which was present
after intubation was briefly accentuated when an abrupt increase in heart rate
occurred as methoxyflurane was started, but a no mal rhythm quickly followed.
In no study were cardiac arrhythmias observed du ing the period of hypercarbia.

DISCUSSION

These studies show that in the dog plasma adre~aline and noradrenaline levels
are not significantly increased during anaesthesia with methoxyflurane (average
concentrations 0.55-0.78 per cent in oxygen). In th's respect, theref6re, methoxy
flurane resembles halothane,7 but differs from die hyl ether, which in this labo
ratory has been found to induce consistent rises iJiL plasma adrenaline and nora
drenaline in dogs. 8

The increased plasma catecholamine levels m~asured as a result of hyper
carbia and haemorrhage during methoxyflurane anfesthesia show that sympatho
atlrenal responses are not completely-blocked by this ~gent when given in the
concentrations employed for this study, these coritcentratlOns produced marked
respiratory depreSSion if spontaneous respiration was permitted. In this
regard, methoxyflurane is similar to other anae*hetic agents, none of which
appears to prevent catecholamine liberation from adrenal medulla and
sympathetic nerves in response to the stresses of ~ypercarbia and haemorrhage.8

It should be noted, however, that the increases iln total plasma catecholamine
level resulting from haemorrhage or hypercarbia during methoxyflurane anaes
thesia were less thaQ. those previously measured during anaesthesia with halo
thane. 7 This could be interpreted as an indicatiion of greater suppression of
central or peripheral reflex sympatho-adrenal responses with methoxyflurane
than with halothane, although for an accurate domparison of the two agents
further studies would be required. It can only be s,tated that if some degree of
sympatho-adrenal inhibition does occur during methoxyflurane anaesthesia, then
the effect is incomplete.

Average mean arterial blood pressure levels before and after 120 minutes of
methoxyflurane anaesthesia were almost identical to those measured in the
similar study on dogs anaesthetized with 2 per cent halothane. 7 The consistent
fall in diastolic pressure in response to hypercarbia was also common to bot!)
studies. During "steady state" ventilation, consisftent bradycardia occurred ~th

halothane but not with methoxyflurane. During halothane anaesthesia the heart
rate increased as a result of hypercarbia to levels similar to those which were main
tained before and during the hypercarbic state in methoxyflurane anaesthesia.
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The stable blood glucose levels dpring 1120 minutes of methoxyfluraneIanaes
thesia and the increases with hypercarbia and haemorrhage correl~ well with
the plasma catecholamine concentrations Wasmuth et al.9 found an incliease in
blood' glucose during clinical anaesthes a with methoxyflurane. Studies are
obviously required in man, but it see~s cl ar that the increased plasma catechola
mine and blood glucose levels induced b diethyl ether in the dog are not seen
with methoxyflurane. The severe respira ory depression produced by methoxy
flurane in dogs apparently does not oc ur to the same degree in man. This
interesting species diffe~ence merits furth ~r investig~tion.

SUMM.,f,.RY

Methoxyflurane anaesthesia in dogs proruced respiratory depressi<Dn, a gradual
moderate decline in blood pressure with ninimal changes in heart rate, and no
significant effect on blood glucose or plas 1a adrenaline an_? noradrenaline levels.
Hypercarbia induced an immediate hypotensive response".and caused significant
increases in both catecholamines; hae~Orrhage was followed by significant
increases in plasma adrenaline. Blood glu ose increased as a result of hypercarbia
and haemorrhage during methoxy.flurane anaesthesia.
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RESuME

L'anesthesie au methoxyflurane, chet Id chiens, s'accompagne d'une depression
respiratoire, d'une chute moderee graduelle de la tension arterielle avec des
changements minimes du rythme cardiaque mais elle demeure sans effet i{nportant
sur Ie ta)lx de glucose sanguin, pas plus que sur Ie taux d'adrenaline et de nora
drenaline plasmatiques. L'hypercarbie a entraine une hypotension imrr~ediate

et a produit une augmentation importante des catechoJamines; l'hemonragie a
entraine une augmentation importante du taux d'adrenaJine pJasmatiq\-ie. Au
cours de I'anesthesie au methoxyflurane, a cause de !'hypercarbie et de l'hemor
ragie, Ie taux deg!ucose sanguin a augmente.
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