
METHOXYFLURANE IN PAEDIATRI CARDIAC SURGERY 

S IV[ HAIIT, MB (NUI),F,FAIIICS , 
I A SLOAN, MB,FFAIICS,FII(~P (C), 
w CoNr , D, sc (M ),F Ce (C),FACA 

INHALATION ANAESTHESIA combined with hyperventlla 
m cinldren, especmlly for operatmns where controlled 
muscular relaxatmn is unnecessary Halothane with N 
prowdes satisfactory maintenance anaesthesm t7ol 
In ad&tmn, nnmedmte recovery ~s easily acineved 

tmn is a statable techmque 
resplrataon is reqmred but 

~O-O2 and hyperventflat!on 
~aedtatne cardmc surgery 
Poor analgesm and cardm- 

vascular depressmn, however, ale two d~sadvantages assocmted with the use 
of tins agent For tins reason, tnchlorethylene has recently been substituted for 
halothane m neurosurgery using the same techmque t Results have been 
encore'aging the blood pressure is stable throughout anaesthesia, there, is 
excellent analgesm m the postoperatwe period, bu 
this agent is not wlthdlawn well before the end of 
ethylene as not sultlclently potent for use m care 
methoxyflurane has about twice the potency of h, 
prowde conmderable analgesm wluch persists mto 
Clmmal experiences with tins agent m 50 children 
the correctmn of congemtal heart defects are reported 

L recovely is prolonge d ff 
surgery However, tnchlor- 
hac surgery Alternattvely, 
f lothane 2 and ~s stated to 
he postoperatave permd s-9 
reho underwent surgery for 
m this paper 

METHOD 

Of these children, 46 ranged m weight from 26 to 109 lb and received pento- 
I 

barbital I m g / l b ,  pethedme 0 6 m g / l b ,  and atrop!me 0 012 mg/ lb  as a pre- 
me&cataon Four cinldren who weighed under 20 !lb lecelved only atropine 
Thmpentone sodmm 1-2 m g / l b ,  was used for reduction m all but two cases, 
and suxamethomum chloride for mtubatlon The patients wele then hyperve,ntl- 
lated with a high flow of m.Uous oxade and oxygen using a senu-closed sys|em 
and Waters camstel of appropriate s~ze Methexyfltirane was dehvered from a 
Pentec vaporizer mtuated outside the clremt When complete apnoea was re- 
clmred during surgery, addmonaI suxamethonmm chloride was used In tllose 
cases where eardmc bypass was performed, a Pentec vaporizer was mserted m 
hne with the oxygen inflow to the disks A summary of the lesmns operated upon 
is gwen m Table I 

RESULTS 

The depth of anaesthesia was sufllclent m all patients to allow a venous Cut- 
down to be performed wathm 5 minutes following the intravenous mductmn 
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TABLE I '  

TYPES OF PATIINTS 

Lesmn No of patmnts 

Patent  ductus artermms 
Tetralogy of Fallot 
Atrml septal defects 
Ventrlcular septal defects 
Aortm stenoms 
Coarctatmn of aorta 
Pulmonary stenoms 
Aortic aneurysm 

1.3 
12 

9 
8 
5 
1 
1 
1 

Only oeeasmnally was ~t necessary to use concentratmns of methoxyflurane m 
exeess of 0 5 per cent 

During mamtenance anaesthesm and beforg surgmal mampulatmn ot the heart 
or great vessels, the systohc blood plessur~ remained relatwely stable m 34 
patients In 10 patients there was a modera{te fall and m 6 there was a severe 
fall These results are recorded m Table H The decrease m systohe blood 
pressure ~s expressed as a percentage of its preoperatwe value, or the value 

TABLE I I 

DECREASE IN SYSTOLIC BLOOD PRESSURE IN 50 CHILDREN WITH CONGENITAL 
NEAI   DISEASE? )    ME .OX,' Ly_ AN  ANAeStHeSIA 

Percentage fall in blood pressure O-itO 10-30 >30 
Number of patmnts 34 10 6 

t 

n-nme&ately before the mtroductlon of methoxyflurane, ff thxs was lower (4 
patients) No one factor can be held responsible for the occurrence of hypo- 
tension durmg anaesthesia m such a variable group of patients It is apparent 
from Table III that a fall of blood pressure m any one of the 6 pahents would 
not be surprising regardless of the anaesthehc agent used 

No bradycardla or tachyeardla that could be attributed to methoxyt~iurane was 
noted m any patmnt P~ mr to mampulatmn of the heart two patmnts developed 

TABLE III 

DaTA OF 6 PATIENTS WHO HAD ; > 3 0 %  
FALL IN BLOOD PRESSURE 

Mammum 
methoxyflurane 

concentratlon (%) Relevant data 

1 5  

0 5  

O5  

1 5  
0 3  

0 5  

V S D shunt reversal by posltxve 
pressure 

A S D secundura, reduced 
hypothm mla by surface coohng 

Leakmg aneurysm of the aortm 
arch 

P D A 14 lb wt dlgmtltzed 
Tetralog~ Single ventrwle 

Severe pulmonary stenosls 
Sevme kypho scohosls 

Tetralogy 
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transient arrhythmlas which consisted of an A-V dlssoclatmn and occasmnal 
supraventrlcular extrasystoles 

On completmn of anaesthesm 31 pahents were awake while 19 were not awake 
(Table IV) The pharyngeal refexes were present m all cases The patients were 
considered to have recovered when they respond~l,d correctly to a smaple com- 
mand or, m the case of younger children, when tl~le eyes opened spontaneously 

T A B L E  IV 

7IMMEDIATE POST-ANAESTHETIC STATE 

Awake Not  awake 

Number  of pat ients  31 19 

In this type of surgery the l ecovery time is influenced by a number of factors 
othel than the effect of a single drug However, ithe percentage of the anaes- 
thetac hme during which methoxyflurane was being administered was a distmct 
factor determining whether or not the pahent was awake at the end of surgery 
(Table V) The prospects of early recovery could Ihave been increased either by 

T A B L E  V 

IMMEDIATE POST-ANAESTHETIC STATE 

Number  of pat ients  

Awake Not  awake 

Methoxyf lurane on tor > 3 9 %  of 
anaes thetm t~me 

Methoxyf lurane  on for < 3 9 %  of 
anaes thetm t~me 

17 17 

14 2 

X ~-test P < 001 

turning the methoxyflurane off at an earher stage or by reducing the inhaled 
concentrataon This was found to be unsahsfactory because of the inadequate 
anaesthesia which often resulted Reference to Figure 1 will show that m only 
9 pahents was the methoxyflmane administered focal m o r e  than 50 per cent of the 
operahon 

It can be seen from Figure 2 that the mean concentrahon of methoxyflurane 
dehvered to the pahents was over 0 4 per cent m only 13 eases The mean 
eoncentrahon includes a relatwe]y t~gh concent.lahon (rarely over 0 5g~) ad- 
ministered to the pahent m~hally When anaesthesm was stable, concentr'ahons 
of 0 2-0 3 per cent were used for maintenance 

In general, any effort to further hm~t the amount otf methoxyflurane adminis- 
tered impaired the quahty of the anaesthesm Also, m cardmc surgery, a number 
of other factors may prolong the normally slow ehmmatmn of methoxyflurane 
Examples include reduehon m pulmonary blood flow, reduchon m sy,:,temlc 
blood fow, and hypothermm In the postoperatwe period, resptratory depressmn 
may be an addltmnal cause of slow ehmmatmn The following ease :report 
illustrates some of these points 
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A Blalock anas(pmosls was perfoJmed under hypothermla on a ehdd with cyanotic 
Tetralogy of Fallot, severe pulmonaly stenosls, severe kypho-seohosls, and a single 
ventricle A poorly functioning anastomosis was effeeted Dmmg a large part of the 
operation there was considerable hypotenslon On the cessation of anaesthesia, the 
pharyngeal reflexes were p~esent but the patient was not awake The blood pressure 
was 50-60 mm Hg systohc and thele was a supraventncular taehyeardla of 200/mm 
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The patmnt was extubated It was noted that the odottr of methoxyflurane ~ the 
patmnt's breath was unexpectedly strong The patient was, therefore, remtubatet~ and 
artfflcmlly ventdated and awakened an hour later 

It is not suggested that methoxyflu~ane was reisponslble for the prolonged 
recovery but only that at contributed to the patmnt's preearmus postoperatave 
conchtmn Th~s occurred despite the fact that the drug was only administered 
for 15 per cent of the total anaesthetm t,me at a mean coneentratmn of 0 23 
per cent 

Table VI records the postoperatlve analgesic Jleqmrements of 23 patmnts 
These patmnts are chosen because they recelved a hlgh dose of methoxyflurane 
relatlve to the anaesthetm tlme (The dose was calculated on the assumptaon 
that 0 5% for 5 mm - 0 1% fol 5 X 5 mm ) Thin seleetmn serves to exclude the 
more all patmnts, including all those who reqmred I P P R m the postoperatlve 
period Persistent restlessness, interference with physv~therapy, and persistent 
irritability, all due to pain, were mdmatmns folt gwmg pethedme 1-3 mg 
1 v /10  lb,  or morphine 0 1-0 3 mg i v / 1 0  lb Dclses l epeated within one-half 
hour vcere regarded as bemg single 

T A B L E  VI 
POST-OPERATIVE -~NALGESICS REQUIRED BY 23 PATIENTS WHO 

RECEIVED A RELATIVELY HIGH DOSE OF ~Y[ETHOXYFLURANE 

Doses ot analgesic ~n 
first 12 hours 

postop 

Pat ients  
awake (8) 

Pa tmnts  
not a~ake  (15) 

Tram from end of operat ion 
unt:d firs( dose of 
an ,k lges i ( ( ram)  

I . . . . . . . .  

Panen t s ,  Pa tmnts  
awake (8)1 not awake (15) 

.i 

4 
6 
4 
4 
5 
4 
3 
5 

.~,]ean 4 4 

*See text 
tt 2 test not ~lgnlh(ant 
~t ~ tes t  P < 001 

5 25 20 
4 10 300* 
5 15 5 
4 5 5 
1 15 75* 
4 5 390 
5 25 55 
5 5 25 
5 10 
4 165" 
5 5O 
0 90 
6 25 
2 350* 
2 35 

st ~ ~ 65 6t 

During the first 12 postoperatwe hours there was no slgmficant difference m 
the number of doses of analgesic reqmred by the patmnts 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 gwen for an average of 65 minutes after the 
completion of surgery an the latter group The patmnts who were awake reqUired 
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an analgesic an average of 13 minutes aftelt: the completion of surgery Methoxy- 
flurane could easily be detected m the exhala|ions of all these patients These 
results suggest, firstly, that following chest surgery m chddren, methoxyflurane 
exerts httle or no analgesic action once the patients are awake, and secondly, 
that the analgesia it does give is at the expense of a reduced level of conscmus- 
ness The 4 patients m Table VI marked ~tvath an asterisk could only be roused 
after considerable stimulation m the earl~ postoperative period, and chd not 
awaken for periods of 60 minutes, 45 minutes, 120 minutes, and 50 minutes, 
respectively 

DIscussioN 

It as well known that methoxyflurane ca~qases cardiovascular depression, but m 
a healthy patient a slgmficant fall of blood Ipressure as not hkely to occur ff over- 
dosage as avoided a There may be a considerable fall of blood pressure, however, 
J the patient's compensatory mechamsms are inadequate This is apparent from 
our results and those of other clinical studle,!, 5 6 lo 11,12 

Methoxyflurane has little tendency to induce spontaneous cardiac arrhyth- 
mlas 3 13 14 There as evidence that it sensitL~es the heart to the actmn of 
adrenallnel~ lo This ,drug as not infrequently used m cardiac surgery as a 
circulatory stimulant Any disadvantages ~hat methoxyflurane may have an this 
respect m cardiac surgery are d~ff~cult to evaluate and are not within the scope 
of this study 

The drawback of the slow rate of uptake of methoxyflurane can largely be 
offset by the use of an intravenous reduction Although recovery tames an the 
many published reports on the ehmcal use of methoxyflurane have varied con- 
siderably, all authors are agreed that prolonged recovery as a specml feature of 
anaesthesm wlth this agent 5 ~ a0 ~ 12 T h i s  constitutes a distinct dasadyantage "to 
its use m cardiac surgery with the descclbed technique Efforts to have the 
patient awake at the end of smgery by reducing the inhaled concentration or by 
earlier withdrawal of methoxyflurane can easily result in unsatls~actory anaes- 
thesm during the procedure Should this occur, at is d~flqcult to remedy owing to 
the inflexible nature of the agent Factors which adversely affect ehmmat~on are 
not infrequently present and further add to the &ff~culty of hawng the patient 
awake lmmedmtely postoperatively 

It is highly debatable whether methoxyflurane possesses a specific analgesic 
action of any sagm~cance Torda ~7 concludes from analgeslmetry stuches that it 
"appears" to have His results, however, are not very consistent Dundee and 
Love, TM also using analgesimetry, state that methoxyflurane m subnarcotac doses 
has no slgn61cant analgesic action The results of this ~study support their view 
Many authors of reports regarding the c|mlcal use of methoxyflurane are of the 
oplmon that it exhibits a prolonged analgesm m the postoperatwe period 4-9 Few 
of the patients involved were awake at the end df surgery There was a gradual 
emergence until at varying periods of time after the operation the patients were 
able to obey simple commands Following thv,, many of the patients remained 
drowsy or somnolent, but pare-free and e,~sa|y aroused Thele as no oblect~on to 
somnolence an a co-operatwe pataent after cmdlac surgery, and this is a side- 
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,effect of many analgesm drugs The analgesm provided by the opiate drugs, 
however, as superior to that offered by methoxyflurane to the extent that :xt :s 

controllable, dependable, can be adlusted to the reqmrements of the patient, 
and :s easdy aetneved Using methoxyflurane w~th the above teehmque m 
paeda,atr:c cardmc surgery, to consistently prov!de aln awake pahent, who is also 
m such a state of emergence as to be analges:c artd cc,-operahve, as prachcally 
:mposs:ble It as sufflc~ently dlflqcult even to have t/he pahent awake at the end 
of surgery 

CONCLUSIONS 

From our results m children, at as doubtful t.ha I methoxyflurane possesses a 
specfle analgesic aetmn Because of :ts slow elunmatlon and assocmted pro- 
ilonged recovery, this agent as contraindicated an paedmtne cardme surgery, 
using the techmque described 

Sv~MmaY 

Methoxyflurane m mtrous ox:de and oxygen was. administered to 50 chddren 
who underwent surgery for the correction of c( 
pahents were hypervent:lated using a semi-closed 
mco:poratmg a Pentec vaporizer outside the carc~ 
following anaesthesia with methoxyflurane m ehlI~ 
m the awake pat:ent Because of the prolonged reco, 

)ngemtal heart defects The 
system and Waters canister, 
nt  "['he results suggest that 
lren, there as httle analgesm 
~ery assocmted with methoxy- 

flurane anaesthesm, this agent :s regarded as being unsmtable for use m 
paed:atnc cardiac surgery 
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Risu~k  

Nous avons admmlstr~ du m~thoxyflurane avec du protoxyde d'azote et de 
l'oxyg~ne fi 50 enfants qm deva:ent 8tre operas pour cornger une anomahe con- 

P 1 P gemtale du c~eur Nous avons hyperventde ces malades en employant un c:rcult 
sem:-ferm~ et l'absorbeur de Waters, et nous avons utdv,~ le vaponsateur Pentec 
en dehors du carcmt Les r~sultats, nous portent fi croare que, fi la state de 
]'anesth~sle au m~thoxyflurane chez ies enfan~s, 11 persiste un l~g~re ana|g~sle 
chez ]e malade r~vefll~ A cause du r~'wefl tardff i~ la state de |'anesth~sle au 
m~thoxyflurane, nous cons:d~rons que eet agent n'est pas appropn~ pore la 
ch:rm g:e cardlaque chez les enfants 

1 SMITH, C 
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