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permi ible body burden of radio trontium. On the other
hand, if one takes the wor t po ible view and regard the
do age and effect a bearing a linear relation hip, 0 that
each unit quantity of trontium-90 ab orbed will confer a
certain probability of bone-tumour formation, the po ition is
indeed erious. It has, for instance, been calculated that if
thi i the case one high-yield magaton explo ion may result
in the ultimate formation of 20,000 bone sarcoma throughout
the world.

The generally accepted view i that in the pre ent tate of
knowledge any uch theories are to be accepted only with
re er at ion. However, Dr. a ao T uzuki, Director of the
Red ro Central Ho pital, Tokyo, echoes the view of
many medical men when he ays: '1 do not believe that

FL OTHA E A AESTHESIA I

.
trontium-90 v ill be permanently harmful at its present level,

but if experimental explosions continue at tbe present rate,
there will come a time when the human body will be seriously
harmed. It will then be too late to do anything about it!'

The author is indebted to Brig. J. H. Rauch, Surgeon General of
the U.D.F., for permi ion to publish this paper.
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Fluothane is the trade name of the new volatile anaesthetic TABLE 1. AGE DISTRIBUTION OF CASES RECHVI G FLUOTHANE A D
agent trifluorochlorobromethane (halothene). FLUOTHANE-ETHER SEQUENCE
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Age FllIOIhane Fluoilzane-ether
0-2 week 6 2
2 weeks-J year 20 8
1-5 years 66 21
5-11 years 58 19

TotaJ 150 50

TABLE 1I. DISTRIBUTION OF CASES ACCORDING TO TYPE OF SURGERY

unselected as far as pre-operative condition was concerned
and included 1 case of bilateral acute lobar pneumonia,
4 cases of tracheotomy for severe respiratory distress, 2 cases

of very severe toxaemia due to acute osteItIs, and several
asthmatics. Repeated anaesthetics with Fluothane were
received by 12 patients, 2 of these on 9 occasions at weekly
intervals. The type of surgery carried out is indicated in
Table 11.

Premedication in all cases consisted either of pethidine
and atropine or atropine alone given by intramuscular
injection I hour before anaesthetic. The dose of pethidine
wa strictly according to body weight (0' 5 mg. per lb.).

From it structural formula, it will be een that it is a deriva
tive of ethane with 3 hydrogen atom ubstituted by fluorine,
j by bromine and I by chlorine. It is non-explo ive and
non-flammable both as a liquid and vapour mixed with
oxygen, air or nitrous oxide. Fluothane is a clear, colourless
liquid with S.G. of J ·86 at 20°C and boiling point of SlOe.
The odour is sweeti h, not unplea ant and completely non
irritatin .

Some pharmacological actions of Fluothane have been
described by Ravento I and more recently by Burn et aJ.2
in a report to the Briti h Medical Research Council. Several
reports 3 •J2 on its u e in clinical anae the ia have appeared
ince December 1956. From these report, mainly of its

u e in adults, it appeared that Fluothane mjght offer certain
advantage in the field of paediatric anae thesia, particularly
in re pect of the non-irritating properties of its vapour,
ea e of induction and peed of recovery and the reported
ab ence of nau ea and vomiting on recovery, although this
latter finding wa not con istent.

In the present trial, Fluothane wa admini tered to 200
children either a the principal anaesthetic agent (150 case )
or a an agent for induction before maintenance of anae thesia
with di-ethyl ether (50 ca e). The age of the patients (Table
1) varied from 2 days to II year. Patients were entirely

Type of Surgery
Intra-abdominal
E..T...
Plastic
Eye
Hernia ..
Urological
Oiher ..

Total

Fluolhane
20
25
21
5

42
6

31

150

Flllothane-ether
8

14
3
o

13
1

11

50
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The dose of atropine was 1/300 gr. for children under 2
months of age, 1/200 gr. from 2 months to I year, 1/150 gr.
from I year to 5 years and thereafter 1/ 100 gr. It wa decided
in view of the stress laid on the use of atropine with Fluothane
by Michael Johnstone, to depart from our usual practice in
omitting it from premedication in very small infants. 13

ADMINISTRAno

Previous experience by one of us (A.B.B.) in the adminis
tration of Fluothane to dogs during its preclinical investi
gations, and the reports of clinical trials by others, have given
a clear indication of the extreme anaesthetic potency of
Fluothane vapour. This makes it important to ensure accurate
measurement of vapour concentration in inhaled mixtures.

t present, two types of apparatu are available for accurate
administrations of known concentrations of Fluothane
vapour within a wide range of temperatures and rates of flow.
These are the Fluotec vaporizer1o and the E.M.O.H Fluothane
inhaler. Both are compensated for changes in ambient
temperature and for change in temperature of liquid within
the vaporizer caused by evaporation, and will deliver accurate
vapour concentrations over a sufficiently wide range of flow
rates for all clinical purposes. A third type of vaporizer is
also available in the form of a modified Trilene bottle of the
standard type found on the Boyle apparatus. This, however,
is not temperature compensated and, in practice, wide varia
tions in Fluothane concentrations are likely to be encountered
in the u e of this apparatus. In this series of cases the Boyle
type bottle was used on some 15 cases and then abandoned
owing to marked temperature changes in the Fluothane
caused by evaporation, leading to gross inaccuracy of
delivered vapour concentration. In the remainder, Fluothane
was administered from the Fluotec vaporizer or the E.M.O.
in a vehicle of N 20 and O 2 , O 2 alone, or air. It must be noted
that internal resistance in the Fluotec inhaler is too high to
permit its use as a 'draw over' inhaler and that when used
with air, a means of delivering air through the vaporizer
must be employed. The E.M.O. is so constructed that internal
resistance is negligible at all concentrations and can be used
a 'draw over'.

INDUCTION

It was found that patients became unconscious after 2-3
minutes' inhalation of I· 5-2 % Fluothane vapour. A very
characteristic pattern of events occurred during this induction
period, the salient points of which were as follows: (1) There
was no objection to inhaling the mixture that could be
attributed to unpleasant odour or irritation. (2) A tranquil
state was reached very rapidly-usually in the first minute
in which all signs of apparent nervousness, when present,
disappeared, yet consciousness and, in older children,
abiljty to converse intelligently, remained unimpaired.
(3) Following this tranquil state, there appeared a very brief
tage, lasting only a few seconds, which could be construed

as 'second stage' anaesthesia. (4) This was followed by very
rapid loss of consciousness and the appearance of profound
relaxation during the 2nd or 3rd minute of inhalation.

This stage of loss of consciousness was accompanied by a
definite fall in blood pressure which averaged 25 mm. Hg,
and an obvious decrease in amplitude of respiration and
slight increase in rate. In 4 cases in which respiratory minute
volume was recorded, this drop amounted to as much as

50% of normal. This state of profound relaxation and
shallow breathing was found to be mo t misleading and any
pain stimulus applied, immediately produced bri k movement
on the part of the patient, a ri e in blood pre ure to near
pre-anaesthetic level, and an increa e in amplitude of
respiration.

Mo t triking, however, was that at thi tage, after ome
3 minutes of inhalation of I· 5-2 % vapour, laryngo copy
could be performed with ease. The jaw was very relaxed
and the vocal cords wide open. Stimulation of the pharynx
by the laryngoscope, however, or an attempt to pass an
endotracheal tube, re ulted in closure of the cord and a
cough or eries of coughs which eemed to be fully coordinated
and not at all in the nature of a 'spasm·. Withdrawal of the
stimulus was rapidly followed by the return of rhythmical
respiration, and in only one ca e did we experience anything
that could be termed 'laryngeal spasm' during induction,
in spite of repeated deliberate attempts to produce one.
Continued stimulation of the larynx did sometimes provoke
breath holding.

To provide conditions satisfactory for endotracheal intu
bation without provoking coughing, we found it necessary
either to apply topical anae the ia to the larynx at an early
stage, say after about 3 minutes, or to continue giving 2 %
vapour for a full 10 minutes. This period of 10 minutes wa
also found to be the average time nece sary before surgical
stimulus could be applied without causing the patient to
move; it provided satisfactory operating conditions for all
extra-abdominal procedures. Relaxation, however, wa
frequently not sufficient to permit all intra-abdominal pro
cedures.

1AINTENA CE OF ANAESTHESIA

Fluothane was used as the agent to maintain anaesthesia
in 150 cases. After induction as outlined above, it was
found that the application of the stimulus of surgery cau ed
a rise in blood pressure from the earlier fall to within 10 mm.
Hg. of the level before anaesthesia. This frequently continued
for the duration of the operation, especially if adequate
anaesthesia could be maintained with concentrations of
Fluothane not exceeding the region of I %. This concen
tration was found satisfactory for most extra-abdominal
procedures, although it was sometimes necessary to maintain
concentrations of up to 2%.

For abdominal operations requiring much relaxation
2 % Fluothane was not always adequate. Increase in Fluothane
concentratlon did improve relaxation but the increased
depth of anaesthesia was invariably accompanied by marked
decrease in respiration and fall in blood pressure to levels
as low as 80 mm. Hg. We feel that where relaxation with
2 % vapour alone is inadequate, it is preferable either to
resort to the use of muscle relaxants to provide the desired
degree of relaxation or to change over to ether for main
tenance. In this series 20 cases received mu c1e relaxant,
succinyl choline being u ed 15 times and gallamine 5 time.
When a relaxant was used, Fluothane concentration was
decreased to I %, and under these circumstance we noticed
no major alteration in blood pressure provided that meticu
lous attention was paid to maintaining blood volume. In
the cases which received gallamine, neo tigmine preceded
by atropine was used at the end of operation. This too wa
followed by no untoward circulatory changes. We do feel,
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however, in the light of report on the 'vagotonic' action of
Fluothane that neostigmine should be u ed with caution
and that elimination of Fluothane should be allowed to take
place as far as pos ible before neostigmine is given.

RECOVERY

The return of con ciou ness in all case wa rapid. After
hort period of anaesthe ia, la ting up to 20 minutes,

con ciou ne returned within 5-7 minute. After longer
period return of con ciousness wa delayed up to 10 minutes
and occasionally to 15. Thi recovery time wa eldom
e ceeded even after operation la ting up to 3 hours, except
where there had been very exten ive urgery or doubt about
adequacy of blood replacement. The nature of the recovery
was triking in that protective reflexes returned early and
mental alertne was regained very rapidly. It was not
uncommon to find patients after operation which produced
minimal po t-operative pain sitting up, fully alert, within
10 minute of leaving the operating table. The most notable
feature in recovery wa the almost complete absence of
nausea and vomiting. Only one case in the series receiving
Fluothane as the ole or principal anaesthetic vomited
during recovery. This patient, who had an appendicectomy,
wa also the only patient in the serie to receive a dose of
pethidine in exces of O· 5 mg. per lb. as premedication.
He, in fact, received 1 mg. per lb. As important as the
ab ence of actual vomiting is the absence of nausea. 0

indication of post-recovery nausea was encountered.
Generalized hivering was noticed frequently during the

early stages of recovery. 0 accurate record of the incidence
of thi was kept but some degree of generalized shivering
la ting for t -1 minute was noticed in the majority of cases.
In 2 ca e hivering was violent and lasted for 3-4 minutes.

FLUOTHANE-ETHER SEQUENCE

In 50 ca e anaesthesia was induced with F1uothane at 1· 5
2% concentration as described above, anaesthesia being
maintained thereafter with 20, O 2 and ether. In these
ca e the initial fall in blood pressure and decrease in respi
ratory amplitude was noticed but there was a return to normal
levels within 2 minute of change-over from Fluothane to
ether. Thereafter the picture remained a usually seen with
ether anaesthe ia. The following observations were made:

1. Change-over to ether after 3-4 minutes of 1· 5-2 %
Fluothane wa not a sociated with laryngeal pa m or
coughing, even when ether was introduced abruptly. For
example, it was po ible to move the ether control on the
tandard Boyle's bottle from clo ed to full-open in a matter

of 10 econd .
2. Recovery in this series was not accompanied by the

shivering een with Fluothane alone.
3. Vomiting during recovery was seen in 10 cases.
4. Return of mental alertness wa as is usually seen after

ether anaesthe ia.

COMMENT

F1uothane i an extremely potent anaesthetic agent, inhaled
concentration of 1-2' 5% being ufficient to provide anaes
the ia for almo t all urgical procedures in children. Succinyl
choline and gallamine cart be afely employed to procure
added relaxation with low concentration of Fluothane,
hould thi be necessary.

The non-irritant properties and not unpleasant smell r

the speed and smoothness of action, offer distinct advantages.
over other inhalation agents as a method of induction in
paediatric anaesthesia.

Rapid recovery and quick return of mental alertness and
in particular the striking absence of nausea and vomiting.
are of inestimable value both from the point of view of general
comfort and especially for the safety of the patient. We
have found this particularly so in those plastic and ortho
paedic cases where fixation posture makes vomiting during
recovery hazardous in the extreme. This rapid recovery,
however, carries the disadvantage of rapid awareness of
post-operative pain and it is notable that F1uothane appears
to provide little or no residual analgesia. Care must there
fore be taken in the judicious and fairly early use of post
operative analgesics to avoid restlessness and distress due to
pain. To attempt to cover pain during the recovery period
by the use of heavier premedication may be dangerous.
because it is likely to increase the respiratory depression
during anaesthesia.

Fluothane is non-flammable and non-explosive and so
has the advantage of being usable with impunity in the
presence of diathermy.

The method of administration is simple and Fluothane
can be administered in air or with N 20-02 mixtures. Its
extreme potency, however, demands accurate control of
vapour concentration and, whilst its use on an open mask4

and in closed circuit apparatus' has been described, we feel
very strongly that there is a very real danger of delivering
unknown concentrations which may become dangerously
high. Changes in concentration of as little as O· 5% VIV
cause marked changes in depth of anaesthesia.

Hazards
Against these advantages which F1uothane offers in clinical

use, must be set the various hazards which may be encoun
tered in the present state of our knowledge of this drug.
In this respect, respiratory depression and hypotension stand
foremost.

Respiratory depression carries with it the risk of hypoxia
and carbon-dioxide retention. The former, it is true, may
be largely compensated for by administering Fluothane in
an oxygen-rich mixture, and when this is done clinical mani
festations of hypoxia are absent. Administered in air,
however, signs of anoxia advancing to definite cyanosis are
sometimes seen. Carbon-dioxide excess can of course occur
during administration both in oxygen-rich atmosphere and
in air, and both this and anoxia sometimes have adverse
effects on the cardio-vascular system. During Fluothane
anaesthesia, however, respiration can be assisted or even
fully controlled with great ease provided normal airway
precautions are observed, and in this way the disadvantage
of respiratory depression may be overcome. The detection
of what constitutes an undesirable degree of respiratory
depression, on the other hand, is more difficult to assess
accurately unless one has facilities for continuous measure
ment of respiratory exchange. In the absence of such
facilities, one must rely on clinical acumen and experience.
We feel that respiratory depression during Fluothane anaes
the ia must be looked for most carefully at all times and that
it is wiser to err on the side of over-ventilation by assisting
respiration when in any doubt than to risk insidious hypoxia
and hypercarbia by permitting spontaneous respiration of
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questionable adequacy to persist. In tbis connection too,
it i important to choose premedication so that it will not
aggravate respiratory depression.

Hypotension. The mode of production of the fall in blood
pressure during the administration of Fluothane is by no
means clear. Animal experiments! suggest that depression
of the central vasomotor mechanisms plays a part and that
there is some reduction in cardiac output. The extent to
which these factors operate in the intact human subject has
not yet been determined. Clinical reports have shown that
the hypotension is easily reversible by pressor drugs, but
whether it is necessary to employ them by routine is question
able and the degree of hypotension must be taken into
consideration. The clinical picture of hypotension under
Fluothane anaesthesia is one of a warm, vasodilated patient
with good peripheral blood flow. In the non-atropinized
patient, there is also bradycardia and the blood pressure
falls to lower levels than in the atropinized subject. The
picture in fact resembles what has been described as neuro
genic hypotension. It is most important, however, to note
that in this state, blood loss will not be compensated for by
normal physiological mechanisms and blood lost during
surgery under Fluothane anaesthesia must be replaced with
the same care as during spinal anaesthesia. This is doubly
important in infants and children, where initial blood volume
is small and small amounts of blood lost comprise a rela
tively large proportion of circulatory blood volume. The
degree of hypotension becomes increasingly severe with
administration of increasing concentrations of Fluothane
but in this series we have not encountered pressures below
90 mm. Hg if concentration of 2% is not exceeded. We
hesitate to say that the hypotension can be ignored unless
severe, but in this series it has not given cause for alarm
and, provided blood volume was replaced to keep pace
with blood loss, return of blood pressure to pre-operative
levels occurred promptly when FIuothane administration was
stopped. The mechanism of production of the hypotension,
however, requires further investigation and, in view of the
uspicion that diminished cardiac output may play a part,

it must be viewed with caution.

o studies of renal or hepatic function from which con
clu ions can be drawn were undertaken in this serie. Creati
nine clearance and inulin and P.A.H. clearance performed on
two cases, however, suggests that the effect of Fluothane
on glomerular filtration rate and renal pia ma flow i imilar
to that seen with other general anae tbetic agent .

CO CLUSIO A D SUMMARY

The use of Fluothane as the anae thetic in 200 operation
on children is de cribed and di cussed. We feel that Fluothane
offers distinct advantages as an induction agent in paediatric
anaesthesia and that the striking absence of vomiting during
recovery found in this series can be of great value. The
rapidity and mode of recovery too make it an admirable
agent for out-patient use. The respiratory depression and
cardiovascular effects seen, however, are of such a nature

. that further investigation is most desirable. Great care in
administration is necessary at this early stage in knowledge
of the pharmacological action of Fluothane and we feel it
is important to use an accurately calibrated vaporizer for
administration.

We wish to thank Dr. J. F. W. Mostert for permission to pub
lish the results of this series of cases. Messrs. L C. L Pharma
ceuticals have made generous upplies of Fluothane available.
We also wish to thank our surgical colleagues for their patience
and cooperation while we were using this anaesthetic.
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DIE VERPLEGING VAN GEESTESGEBREKKIGES: ENKELE ASPEKTE

H. W. SMITH, MA., PH.D.

Sielkundige, Alexandra-Inrigting, Maitland, Kaap.

Die doelwit met hierdie studie is om 'n beknopte daarstelling
te bied van enkele aspekte van die verpleging wat geinstitu
eerde geestesgebrekkige persone verg. Ons wil eers die voor
koms van die onderskeie siekteverskynsels, wat aandag en
verpleging geniet, in bree trekke kwantitatief vasstel; nie
alleen omdat dit intrinsiek wetenswaardig is nie, maar
veeleer omdat dit van belang behoort te wees wanneer 'n
aanbeveIing gedoen word om 'n kind na 'n inrigting te neem,
deurdat dit insiggewend is vir die verpleging en versorging
wat dit daar te wagte staan, veral ten opsigte van die minder
belangrike aandoenings. Dan wil ons ook onderneem om in
bree trekke vas te stel of daar enige geslagsverskille is, of
·daar enige verband tussen siekteverskynsel en die graad van

geestesgebrek is, en of enige praktiese gevolgtrekkings hiervan
afgelei kan word.

Die ondersoek is aan die Alexandra-Inrigting vir Swak
sinniges gedoen, een van 3 sulke tehuise onder die Gesond
heidsdepartement van die Vnie van Suid-Afrika. Dit word
as hospitaal bestuur, en die personeel is hoofsaaklik genees
here en opgeleide verpleegkragte. Dit is in 12 afdelings
verdeel, elk onder 'n suster, bygestaan deur verpleeg ters,
Daar is 'n apteker en 2 matrones. Die geneesheer-bestuurder
en 2 geneeshere hou algemene toe ig en is verantwoordelik
vir die mediese behandeIing. 'n Tandarts doen weekliks
diens, en verder is daar onbeperkte geriewe om spesialiteite
in te roep en buitemuurse mediese dienste in te span, wat




