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The practical difficulties of anaesthesia can be increased to an
unnecessary extent by the use of complicated apparatus­
this is especially true for the relatively inexperienced admini­
strator. When simple anaesthetic techniques are employed,
however, the variety .of accidents to which the patient is
exposed is reduced. Indeed, the following generalization
can be made: the more mechanical parts and sensitive
devices an anaesthetic apparatus incorporates, the more it
distracts the user's attention from the patient, and the more
knowledge is required for its supervision.

Very often elaborate apparatus also requires special care
from skilled technicians. Other responsibilities are added
if a practitioner whose financial resources are limited, has to
work in a place where medical gas supplies are expensive or
difficult to obtain, or when portability is a prime consideration.
A practitioner working under such conditions may justifi­
ably feel discouraged by the fact that the authors of reports
from the 'expert' anaesthetic centres of the world, in their
descriptions of technique, take it for granted that more or
less elaborate apparatus is available. Such reports lead to the
conclusion that expensive equipment is essential for good
results, and that the only alternatives to an up-to-date gas
machine are open-drop ether and spinal analgesia.

The purpose of this article is to bring to the notice of
general practitioners the fact that many skilled and ex­
perienced anaesthetists are tending to think in terms of greatly
simplified apparatus and methods of administration. The con­
cept of simple anaesthetic techniques is, of course, not new,l
but there has not always been agreement on the exact nature of
these techniques. Macintosh,2 over a period of some years,
has taken pains to indicate the lines that should be followed
and, with his colleagues, has designed excellent equipment for
this purpose.

Apparatus

For the past 18 years, the uffield Department of Anaesthe­
tics at Oxford has been making use of air as a vehicle for
inhaled anaesthetic vapours, and for this purpose simple
quantitative draw-over inhalers have been designed. The
apparatuS will be desribed only briefly, because the technical
details can be found elsewhere. 3

The E.M.O. inhaler* (Fig. 1) is designed to deliver any
desired concentration of ether vapour, irrespective of the

* The name of the inhaler is derived from Epstein-Macintosh­
Oxford (E.M.O.).

variations in temperature of the liquid ether. The scale is
marked from 0 - 20 volumes per cent of ether. Special E.M.O.
inhalers have also been designed for the administration of
other liquid anaesthetic agents, e.g. halothane, trichlorethylene
and the halothane-ether azeotropic mixture.4 The Oxford
Inflating Bellows5 (Fig. 2) was designed for use in conjunction
with the E.M.O. inhaler. The bellows incorporates a com­
pression spring so that when the patient's respiration has
emptied the concertina, it will refill by drawing air into itself
through the inhaler. It also affords a useful index of respira­
tion under all circumstances. Two valves ensure unidirec­
tional flow, and re-breathing is therefore avoided. A stop­
cock is provided through which the air can be enriched with
oxygen, if required, and this can be done from any oxygen
cylinder fitted with a reducing valve. The bellows can also
be used to inflate the patient's lungs when spontaneous
respiration has been depressed or abolished.

Advantages

This simple compact apparatus is a most versatile piece of
equipment. Except for very small children, all types of patient
can be anaesthetized with it, including thoracic, cardiac, and
poor-risk cases. The apparatus can be used with a mask or
endotracheal tube, and for spontaneous or controlled respira­
tion. A non-return valve, such as the Ruben6 or MitchelF
valve, can quite conveniently be used in conjunction with it.
It is portable and can be used under the most cramped and
difficult conditions. Maintenance problems are reduced to a
minimum.

Air, as a vehicle for anaesthetic vapours, offers great
advantages in that it is always available, and does not involve
expenditure. Patients who have a good colour while breathing
on their own pre-operatively, should retain this colour when
breathing an ether-air mixture, or on being inflated with one,
provided the technique is correct. As proof of this we have
personally used the apparatus described for many thoracic
operations, with air as the vehicle; in these cases even with
the lung retracted out of the surgeon's field we have always
found arterial oxygen saturations to be within the normal
range.

We would recommend ether for use by the inexperienced
anaesthetist because of the inherent safety that this agent
offers. It must be appreciated that the suggestion of using
ether-air does not necessarily imply deep anaesthesia, with
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Fig. 1. The E.M.O. inhaler. Fig. 2. The Oxford Inflating Bellows.

2

its unpleasant after-effects, in every case. The assump­
tion that deep anaesthesia is necessary with ether has often
clouded the argument for and against this anaesthetic
agent. In fact, after induction with thiopentone and a
muscle relaxant, ether can be used in a 3% concentration
to ensure unconsciousness, in the same way that nitrous
oxide, oxygen and pethidine are used. Light unconsciousness
can be maintained with this concentration and, when muscle
relaxants are used, this is all that is necessary.8 The use of the
EM.O. inhaler also ensures the delivery of exactly the desired
concentration. From experience it has been found that 3%
ether is an adequate concentration to produce unconscious­
ness, and that this concentration can be administered for a
virtually unlimited time without producing harmful effects. 2

This procedure also ensures that the patient will be awake
as soon as if nitrous oxide had been employed. Alternatively,
if it is not considered desirable to use muscle relaxants,
ether may be used as the sole anaesthetic agent, in which
case the E.M.O. inhaler provides a smoothly graduated
induction. Any desired level of anaesthesia can be achieved
and maintained, as can be done with other kinds of apparatus.
Where analgesia is required in labour, or for such procedures
as cleaning minor burns, E.M.O. inhalers designed for ether
or trichlorethylene can also be used.

For those anaesthetists who have an inherent dislike of
ether, specially designed E.M.O. inhalers can be used for the
vaporization of halothane, the azeotropic mixture of halothane
and ether, or trichlorethylene. The inhalers can also be used
in conjunction with a standard anaesthetic machine as a
vaporizer for volatile agents, in which circumstances they
have the advantage over the use of the standard Boyle
bottle of delivering accurately known concentrations what­
ever the liquid level may be in the vaporizer. For this reason
they offer an obviously increased safety margin in cases where
the anaesthesia must be handed over to a second person who
may be inexperienced.

The Oxford Inflating Bellows can be used alone as a
resuscitator in cases of respiratory failure, whether due to
anaesthesia or disease. Because of the unidirectional valves,
the system described ensures that there is no accumulation
of carbon dioxide. Control of the respirajion is therefore

facilitated, and there is no necessity for dependence on soda­
lime.
Deflagrations and Detonations

In any discussion on the use of ether as an anaesthetic
agent, mention must be made of the problem of explosions.
Clinically, ether is considered a safe anaesthetic agent even
in the hands of a relatively inexperienced anaesthetist.
However, a patient is often deprived of tbis safety margin
offered by ether because of the administrator's fear that a
fire or explosion may be produced. We must agree with the
statement in the Report by the Working Party on Anaesthetic
Explosions9 that ' ... the problem presented by the use of
electrical apparatus in the theatre and elsewhere is not all
told in the history of anaesthetic explosions. There are also
misadventures which occur because the anaesthetist is afraid
to use an explosive anaesthetic in conjunction with such
apparatus.'

A clear distinction should, however, be made between the
relatively innocuous deflagrations· which might occur in
ether-air mixtures, and the extremely dangerous detonations
which result when mixtures rich in oxygen or nitrous oxide
are ignited. Such detonations do not develop in ether-air
mixtures contained in" the relatively narrow "ducts of our
anaesthetic machines. lO On. the other hand, there is·a wide
range of mixtures of ether and oxygen in which the com­
bustion process may be a violent detonation and the whole
range of flammability is much wider than in ether-air mixtures.

CO 'ClUSION

The future of anaesthesia as a whole probably lies in the use of
simple apparatus and techniques which have a universal
application. We would therefore urge the occasional anaesthe­
tist to adopt this practice. More important than all the
other advantages offered by the simplicity of this approach,
is the factor of safety. Tot all people who are called upon to
administer anaesthetics~speciallyin a country. of vast size
with limited medical facilities-can be expected to be expen
anaesthetists, but they can be expected to give a safe
anaesthetic. The apparatus and technique described makes
such a safe anaesthetic available to anybody with medical
training and a basic knowledge of the science of anaesthesia.
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SUMMARY

Elaborate apparatus is not an essential requirement for good
anaesthesia. There are times when such apparatus can be
more of a Iiabtiity than an advantage, especially when used
by an inexperienced administrator, or under circumstances
where complicated apparatus is poorly maintained. Simple
apparatus need not limit the scope of the anaesthetist's
practice. The apparatus and technique described in this
paper are suitable for use under all conditions. The method
involves the quantitative administration of anaesthetic
vapours using air as a vehicle, through a non-return system.

REFERENCES

J. Nosworthy, M. D. (1953): Anaesthesia, 8, 247.
2. Macintosh, R. R. (1955): Brit. Med. l., 2, 1054.
3. Epstem, H. G. and MacintOSh, R R. (1956): Aoaesthesia, 11,83.
4. Epstein, H. G. (1959): Personal communication.
5. Macintosh, R. R. (1953): Brit. Med. l., 2,202.
6. Rubeo, H. (1955): A.oesthesiology, 16, 643.
7. Mitchell, J. V. (1959): Personal communication.
S. Macintosh, R. R. (1953): Proc. Roy: Soc. Med., 47, 33.
9. Working Party, Mi.oistry of Health (1956): Report on Anaesthetic Explosions

inrluding Safety'Codefor Equipmenr and Installations. London: Her Majesty's
Stationery Office.

10. Macintosh, R. R., Mushin, W. \V. and Epstein, H. G. (1958): Physics for
the Anaesthetist, 2nd ed., p. 340-341, 345. Oxford: Blackwell Scientific
Publications.

STUDIES OF SERUM POLYENOIC FATTY ACIDS IN INFANTS WITH KWASIDORKOR*

H. E. SCHENDEL and J. D. L. HANSEN

Departments of Medicine and Child Health, University of Cape Town

There is some resemblance between the alleged manifestations of
'essential fatty acid' deficiency and the symptomatology of kwa­
shiorkor (infant protein malnutrition). Furthermore, the well­
documented observation that the liver is usually enlarged and
fatty in this syndrome indicates a defect in fat metabolism which
nee-ds investigation.
, Earlier work in this laboratory has confirmed reports that the
concentration of total serum cholesterol is low in infants with
kwashiorkor at the time of admission to hospital, and that it
rises rapidly with treatment to control levels after a transient
peak. If one accepts the theory that cholesterol is part of the
soluble lipo-protein complex, then one is tempted to suggest
that'the concentration of ser:uID cholesterol (its este.r or the un­
satUrated fatty acids of its ester) might be a reflection of fat trans­
port. It was decided, therefore, to estimate the concentration
of the total and polyunsaturated fatty acids during the treatment
of infants with kwashiorkor. '

The concentration of these fatty acids were estimated in 19
cases of kwashiorkor, aged 1-3 years, and in 8 well nourished
(convalescent poliomyelitis) control infants of a similar age who
were on a mixed. institutional diet. The infants with kwashiorkor
received various fat-free synthetic formulae or skin! milk for the
first 2 weeks and finally a mixed diet. The serum lipids were
extracted according to the procedure of O'Connell, and the un­
saturated fatty acids were estimated by the alkali isomerization
method of Herb and Riemenschneider.

The mean serum concentration of total fatty acids and of 3 of
the polyunsaturated fatty acids did not appear to differ appreciably
from the control series at the time of admission. The concentration
of the trienoic acids were significantly lower (39, compared with
59 mg';!.) and the concentration of the dienoic acids appeared
to be somewhat higher than in the controls (427, compared with
337 mg./!.). These observations are in conflict with those of other
workers who have observed a pattern of polyunsaturated fatty
acids in the serum of 34 malnourished infants sinIilar to that
reported in rats with 'essential fatty acid' deficiency. There is a

* Abstract of paper presented at Research Forum, University of Cape Town,
20 October 1959. .

striking similarity however, between those reports and the pattern
which develops in the serum of our cases of kwashiorkor as they
recover. '

DUJjng the treatment of these cases a trend becomes apparent
for the concentrations of the di-, tetra-, penta- and hexa-enoic
acids to fall, and for the concentration of the tri-enoic acids to rise.
These trends are also observed when the data are expressed as a
percentage of the total fatty acids. .

These .serum concentrations of unsaturated fatty acids do not
necessarily reflect tissue reserves. The rapidity with which-the
lipid pattern becomes sinIilar to that reported in rats with 'essential
fatty acid' deficiency may suggest that: (1) Either the tissue reserves
are minimal, or (2) the mobilization of liver and depot fat imposes
a great .demand on the supply of these acids which are beli,\:ved
to be required for fat transport. If there' is no shortage of these
unsaturated fatty acids in kwashiorkor, as might be suggested
by the fact that fat-free synthetic formulae have been used with
partial success in treating infants with this syndrome, then 2
possible mechanisms may be suggested to explain the fatty liver:
There may be a deficiency of one of the components of the soluble
lipid complex (e.g. lippprotein), or the liver is unable to combine
these components in the -required fashion (e.g. deficiency of an
esterase for the synthesis of unsaturated cholesterol ester).

Although further experiments are required to define the correct
mechanism, these data are interesting in the way that the pro­
found changes in the concentration of various polyunsaturated
fatty acids, which occur during the treatment of kwashiorkor,
mimic those which occur during the development of the 'essential
fatty acid'.-deficiency syndrome in the rat.

This work was done in the Clinical Nutrit,';n Research Unit supported in the
Department of Medicine, University of Cape Town, by the South African Council
for Scientific and Industrial Research, the Williams Waterman' Fu.od for the
Combat of Dietary Diseases, Research Corporation, New York, USA, and
the A. R. Richardson Fund, Cape Town.
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