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INHALATION ANAESTHESIA combined with hyperventilation 1s a suitable techmque
in children, especially for operations where controlled respiration 1s required but
muscular relaxation 1s unnecessary Halothane with N»O-O; and hyperventilation
provides satisfactory maintenance anaesthesia for paediatric cardiac surgery
In addition, immediate recovery 1s easily achieved Poor analgesia and cardio-
vascular depression, however, aie two dlsadvantages associated with the wuse
of this agent For this reason, trichlorethylene has recently been substituted for
halothane in neurosurgery using the same techmque! Results have been
eneouraging the blood pressure 1s stable throughout anaesthesia, there is
excellent analgesia i the postoperative period, but recoveiry 1s prolonged if
this agent 1s not withdiawn well before the end of surgery However, trichlor-
ethylene 1s not sufficiently potent for use m cardiac surgery Alternatively,
methoxyflurane has about twice the potency of halothane? and s stated to
provide considerable analgesia which persists into the postoperative period 3-°
Clinical experiences with this agent m 50 children who underwent surgery for
the correction of congenital heart defects are reported in this paper

MEgeTHOD

Of these children, 46 ranged mn weight from 26 to 109 Ib, and received pento-
barbital 1 mg /lb, pethedine 06 mg /lb, and atrop\me 0 012 mg /Ib as a pre-
medication Four children who weighed under 20 Ib 1eceived only atropine
Thiopentone sodium 1-2 mg /lb, was used for induction 1n all but two cases,
and suxamethonium chloride for mtubation The patients weie then hyperventi-
lated with a high flow of mtious oxide and oxygen using a semm- -closed sysiem
and Waters camster of appropriate size Methoxyﬂthrane was delivered from a
Pentec vaporizer situated outside the circwit When complete apnoea was re-
quired during surgery, additional suxamethomum chloride was used In those
cases where éardiac bypass was performed, a Pentec vaporizer was mserted n
line with the oxygen mflow to the disks A summary of the lesions operated upon
1s given 1n Table I

ResuLts

The depth of anaesthesia was sufficient mn all patients to allow a venous cut-
down to be performed within 5 mmutes following the intravenous mnduction
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TABLE T
TvyprES OF PATIFNTS

Lesion ~ No of patients
Patent ductus arteriosts 13
Tetralogy of Fallot 12

Atrnal septal defects
Ventricular septal defects
Aortic stenosis
Coarctation of aorta
Pulmonary stenosis
Aortic aneurysm

et ok CFY QD O

Only occasionally was 1t necessary to use c\oncenfcratlons of methoxyflurane n
excess of 0 5 per cent

During mamtenance anaesthesia and before surgical manipulation ot the heart
or great vessels, the systohc blood piessure remamed relatively stable mn 34
patients In 10 patients there was a moderate fall and in 6 there was a severe
fall These results are recorded m Table 1I The decrease in systolic blood
pressure 1s expressed as a percentage of 1ts preoperative value, or the value

TABLE II

DEecrrast IN SvystorLic BrLoop Pressurrc 1N 50 CHILDREN wITH CONGENITAL
Hrart DiseAsE DURING METHOX‘J’FLURANE ANAESTHESIA

Percentage fall 1n blood pressure 0-t0 10—?»0 >30
Number of patients 34 10 6

| ——— SO —

unmediately before the ntroduction of methoxyflurane, if this was lower (4
patients) No one factor can be held responsible for the occurrence of hypo-
tension during anaesthesia in such a vanable group of patients It is apparent
from Table III that a fall of blood pressure m any one of the 6 patients would
not be surprising regardless of the anaesthetic agent used

No bradycardia or tachycardia that could be attributed to methoxyfAurane was
noted m any patient Prior to mampulation of the heart two patients developed

TABLE I1I

Data orF 6 PaTieENnts WHO HAD >309
FaLL 1N BLoop PRESSURE

Maximum
methoxyflurane
concentration (9) Relevant data

15 V S D shunt reversal by positive
pressure

05 AS D secundum, induced
hypotheimia by surface cooling

05 Leaking aneurysm of the aortic
arch

15 PDA 141b wt digitalized

03 Tetralogy Single ventricle

Severe pulmonary stenosis
Severe Lypho scoliosis
05 Tetralogy
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transient arrhythmias which consisted of an A-V dissociation and occasional
supraventricular extrasystoles

On completion of anaesthesia 31 patients were awake while 19 were not awake
(Table IV) The pharyngeal reflexes were present m all cases The patients were
considered to have recovered when they responded correctly to a sumple com-
mand or, 1n the case of younger children, when the eyes opened spontaneously

TABLE IV
IMMEDIATE POST-ANAESTHETIC STATE

Awake Not awake

Number of patients 31 19

In this type of surgery the 1ecovery time 1s influenced by a number of factors
other than the effect of a single drug However, the percentage of the anaes-
thetic time during which methoxyflurane was bemg admimistered was a distinct
factor determining whether or not the patient was awake at the end of surgery
(Table V) The prospects of early recovery could have been mcreased either by

TABLE V
IMMEDIATE POST-ANAESTHETIC STATE

Number of patients

Awake Not awake
Methoxyflurane on for >399, of
anaesthetic time 17 17
Methoxyflurane on for <39%, of
anaesthetic time 14 2

x% test P < 001

turning the methoxyflurane off at an earhier stage or by reducing the mhaled
concentration This was found to be unsatisfactory because of the inadequate
anaesthesia which often resulted Reference to Figure 1 will show that mn only
9 patients was the methoxyfluiane administered for more than 50 per cent of the
operation

It can be seen from Figure 2 that the mean concentration of methoxyflurane
delivered to the patients was over 04 per cent mn only 13 cases The mean
concentration includes a relatively high concentiation (rarely over 05%) ad-
rinistered to the patient mitially When anaesthesia was stable, concentrations
of 0 2-0 3 per cent were used for maintenance

In general, any effort to further limit the amount of methoxyflurane adminis-
tered impaired the quality of the anaesthesia Also, in cardiac surgery, a number
of other factors may prolong the normally slow elimination of methoxyflurane
Examples nclude reduction in pulmonary blood flow, reduction i systerme
blood flow, and hypothermia In the postoperative period, respiratory depression
may be an additional cause of slow elimmation The following case report
llustrates some of these points
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A Blalock anastpmosis was perfoimed under hypothermia on a child with cyanotic
Tetralogy of Fallot, severe pulmonaiy stenosis, severe kypho-scohosis, and a single
ventricle A poorly functioning anastomosis was effected Duining a large part of the
operation there was considerable hypotension On the cessation of anaesthesia, the
pharyngeal reflexes were piesent but the patient was not awake The blood pressure
was 50-60 mm Hg systolic and theie was a supraventricular tachycardia of 200/min
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The patient was extubated It was noted that the odour of methoxyflurane m the
patient’s breath was unexpectedly strong The patient was, therefore, remntubated and
artificially ventilated and awakened an hour later

It 1s not suggested that methoxyflufane was responsible for the prolonged
recovery but only that it contributed to the patient’s precarious postoperative
condition This occurred despite the fact that the drug was only adminstered
for 15 per cent of the total anaesthetic time at a mean concentration of 023
per cent |

Table VI records the postoperative analgesic jequirements of 23 patients
These patients are chosen because they received a high dose of methoxyflurane
relative to the anaesthetic time (The dose was calculated on the assumption
that 05% for 5min = 01% for 5 X 5 min ) This selection serves to exclude the
more 11l patients, including all those who requuired IPP R 1 the postoperative
period Persistent restlessness, interference with physiotherapy, and persistent
uritability, all due to pam, were mdications for giving pethedine 1-3 mg
1v /10 1b, or morphine 01-03 mg 1v /10 lIb Dases 1epeated within one-half
hour were regarded as being single

TABLE VI

PoST-OPERATIVE ANALGESICS REQUIRED BY 23 PATIENTS WHO
RECEIVED A RELATIVELY HiGE Dost oF METHOXYFLURANE

Doses of analgesic in Time from end of operation
first 12 hours until first dose of
postop anJ‘ngesu (min )
Patients Patients Patients, Patients
awake (8) not awake (15) awake (8) not awake (15)
4 5 25 20
6 4 10 300*
4 5 15 5
4 4 5 5
5 1 15 75*
4 4 5] 300
3 5 25 55
5 5 5 25
5 10
4 165*
5 50
0 90
o 25
2 35
Mean 4 4 3 8% 13 1 65 61
*See text

12 test not sigmficant
12 test P < 001

During the first 12 postoperative hours there was no sigmificant difference n
the number of doses of analgesic required by the patients who were awake and
those who were not awake at the cessation of anaesthesia This occurred despite
the fact that the first dose was not given for an average of 65 minutes after the
completion of surgery i the latter group The patients who were awake required
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an analgesic an average of 13 minutes aftei the completion of surgery Methoxy-
flurane could easily be detected m the exhalations of all these patients These
results suggest, firstly, that followimng chest surgery m children, methoxyflurane
exerts little or no analgesic action once the patients are awake, and secondly,
that the analgesia 1t does give 1s at the expense of a reduced level of conscious-
ness The 4 patients in Table VI marked ‘Fflth an asterisk could only be roused

after considerable stimulation m the early postoperative period, and did not

awaken for periods of 60 minutes, 45 minutes, 120 mmutes, and 50 munutes,
respectively

Discussion

It 1s well known that methoxyflurane causes cardiovascular depression, but in
a healthy patient a significant fall of blood ipressure 1s not likely to occur if over-
dosage 1s avoided ® There may be a considérable fall of blood pressure, however,
if the patient’s compensatory mechamsms are madequate This 1s apparent from
our results and those of other clinical studies 5 ¢ 10 11,12

Methoxyflurane has little tendency to induce spontaneous cardiac arrhyth-
mias > 1314 There 1s evidence that it sensitizes the heart to the action of
adrenaline **1¢ This drug 1s not infrequently used m cardiac surgery as a
circulatory stimulant Any disadvantages {hat methoxyflurane may have i this
respect 1n cardiac surgery are duficult to evaluate and are not within the scope
of ths study |

The drawback of the slow rate of uptiake of methoxyflurane can largely be
offset by the use of an intravenous mduction Although recovery times in the
many published reports on the climical use of methoxyflurane have varied con-
siderably, all authors are agreed that prolonged recovery 1s a special feature of
anaesthesia with this agent ® 6101112 This constitutes a distinct disadvantage to
its use m cardiac surgery with the described techmique Efforts to have the
patient awake at the end of smigery by reducing the inhaled concentration or by
earber withdrawal of methoxyflurane can easily result i unsatistactory anaes-
thesia during the procedure Should this occur, 1t 1s difficult to remedy owing to
the inflexible nature of the agent Factors which adversely affect elimination are
not infrequently present and further add to the difficulty of having the patient
awake i1mmediately postoperatively

It 1s highly debatable whether methoxyflurane possesses a specific analgesic
action of any significance Torda!? concludes from analgesimetry studies that 1t
“appears” to have His results, however, are not very consistent Dundee and
Love,!® also using analgesimetry, state that methoxyfhirane mn subnarcotic doses
has no significant analgesic action The results of this study support therr view
Many authors of reports regarding the cluucal use of methoxyflurane are of the
opmion that 1t exhibats a prolonged analgesia in the postoperative period ¢+ Few
of the patients mvolved were awake at the end 6f surgery There was a gradual
emergence until at varying periods of time after the operation the patients were
able to obey simple commands Followimng this, many of the patients remaned
drowsy or somnolent, but pain-free and easily aroused Theie 1s no objection to
somnolence m a co-operative patient after cardiac surgery, and this 15 a side-
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effect of many analgesic drugs The analgesia provided by the opiate drugs,
however, 1s superior to that offered by methoxyflurane to the extent that it 1s
controllable, dependable, can be adjusted to the requirements of the patient,
and 1s easily achieved Using methoxyﬂurane with the above techmque m
paediatric cardiac surgery, to consistently provide an awake patient, who 15 also
m such a state of emergence as to be analgesic and co-operative, 1s practically

impossible It 1s sufficiently dufficult even to have the patient awake at the end
of surgery

CONCLUSIONS

¥rom our results m children, 1t 1s doubtful tha{ methoxyflurane possesses a
specific analgesic action Because of its slow elimmnation and assocated pro-
longed recovery, this agent 1s contramndicated m paediatric cardiac surgery,
using the techmque described

SUMMARY

Methoxyflurane 1 nitrous oxide and oxygen was admmstered to 50 children
who underwent surgery for the correction of congemtal heart defects The
patients were hyperventilated using a semi-closed system and Waters canuster,
mcorporating a Pentec vaporizer outside the circuut The results suggest that
followmng anaesthesia with methoxyflurane in children, there 1s httle analgesia
in the awake patient Because of the prolonged recovery associated with methoxy-
flurane anaesthesia, this agent 1s regarded as bemng unsuitable for use n
paediatric cardiac surgery
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REsuME

Nous avons admimstré du méthoxyflurane avec du protoxyde d’azote et de
I'oxygeéne a 30 enfants qui devaient étre opérés pour corriger une anomalie con-
gémtale du cceur Nous avons hyperventilé ces malades en employant un circuit
semi-fermé et I'absorbeur de Waters, et nous avons utilisé le vaporisateur Pentec
en dehors du circuit Les résultats, nous portent a crowe que, 3 la suite de
I'anesthésie au méthoxyflurane chez les enfants, 1l persiste un légére analgésie
chez le malade réveillé A cause du réveil tardif 2 la suite de l'anesthésie au
méthoxyflurane, nous considérons que cet agent n'est pas approprié pou la
chirui gie cardiaque chez les enfants

REFERENCES

1 Smrra, C  Personal communication (1963)
2 Doexin, A B & Freporuk, § Companson of the Cardiovascular, Respiratory and



436

i S = > SR 2 G N % ]

10
11

13

14
15
16

17
18

CANADIAN ANAESTHETISTS| SOCIETY JOURNAL

Metabolic Effects of Methoxyflurane and Halothane m Dogs Anesthesiplogy 22 355
(1961)

Artusio, | F, van Poznak, A, Hunt, R E, Trs, F M, & ALExANpER, M A
Clncal Evaluation of Methoxyﬂurane 1n Man Amesthesmlogy 21 512 (1960)

Romacnor1, A & KormaN, D Methoxyflurane in Obstetrical Anaesthesia and Analgesia
Canad Anaesth Soc J 9 414 (1962)

Denton, M V H & Tompa, T A G Methoxyflurane Chmical Exp%nences . 50
Orthopaedlc Cases Anaesthesm 18 279 (IQGF} !

Jarman, R & Epcuir, H B  Methoxyflurane (Penthrane) A Climical' Investigation
Anaesthesia 18 265 (1963)

Power, D T McGill University Experlenc&s with Methoxyflurane Canad Anaesth
Soc J 8 488 (1961)

MC(INTYBE J] W R & Gamv, E A Methoxiyﬂurane Canad Anaesth Soc J 9 319

1962)

Tuomason, R, Licut, G, & HorLapay, D A| Methoxyflurane Anaesthesia A Chimcal
Appraisal Anaesth & Analg 41 225 (1962)

Hupon, F Methoxyflurane Canad Anaesth Sdc J 8 544 (1961)

Wyant, G M, Cuang, C A, & Raricavori, E Methoxyflurane (Penthrane) A
Laboratory and Chcal Study Canad Anaesth Soc ] 8 477 (1961)

vAN Poznak, A Clmical Admistration of Methoxyflurane Chimical Anaesthesia, vol 1,
Halogenated Anaesthetics Edited by J F Artusio Philadelpma F A Davis Co
(1963)

Wasmure, C E, Greig, ] H, Howmy, J, Mojmc‘x P P,Iss,, N H, Brirrg, E M, &
Harg, D E Methoxyflurane—New Anaesthetic Agent Cleveland Clin Quart 27
174 (1960)

BacweLL, E E & Woons, E F Cardlovciscular Effects of Methoxyflurane Anes-
thesmlogy 22 169 (1962)

BamrortH, F ], SieBecker, K L, KraeMer, R, & Orte, O S  Effect qf Epmephrine
on the Dog Heart during Methoxyﬂurane Anaesthesta Anestheswlogy 22: 169 (1961)

NortH, W C & Knox, P R Influence of MethoxyHlurane upon Cardiovascular Response
to Epmephrme Fed Proc 20 312 (1961) |

Torva, T A The Analgesic Effect of Methoxyflurane Anaesthesia 18 287 (1963)

DUNDEE, J] W & Love, W ] Alterations x}n Response to Somatic Pam Associated
with Anaesthesia XIV Effects of Subnarcotic Concentrations of Methoxyflurane Bt
J Anaesth 35 301 (1963)



