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Severe acute asthrna

Should the potient be admitted
to hospital immediately ?

Yes No
Give IV hydrocortisone + Give IV hydrocortisone +
nebulised n agonist + nebulised n agonist or
oxygen in ambulance I V aminophyl I ine

Observe for 30 minutes

Admit to hospital |* | Nebulised 0 agonistAdmit tohospit( ~~~oxygen in ambulance Worse No change Better
Continue nebulised n agonist |Nebulised 0 agonist I Oral prednisolone
hydrocortisone, cxygen, fluids regular n agonist

|Add IV aminophyl line Oxygen Reasses at
It ~~~~~~~~~~~~ambulaince or worse 30 minutes

Add ipratropium bromide
nebulisations

IV 0 agonist

|Consider ventilation

Dr John Rees, MD, MRCP, is senior lecturer and consultant physician, Guy's and Lewisham Hospitals, London.

Appropriate Technology

Anaesthetics

F N PRIOR

It is a sad fact that many doctors in countries where access to
Western technology is limited regard the "rag and bottle" type
of anaesthesia as all that is possible unless complicated machines
are available. It is another sad fact that many trained anaesthetists
also believe this and that such machines are essential to under-
take major surgery. In this article I attempt to show that there
is an alternative, and that anaesthetic running costs may be
kept to a minimum while the scope and flexibility of Boyle's,
Heidbrink, or other similar machines are retained. The approach
advocated is practical and reasonable and is not offered as a
second best. (Costs are indicated in current sterling prices,
although most will be higher in Third World countries because
of customs dues and dealers' profits.)

Local techniques are the mainstay of anaesthetic practice in
many small hospitals and, indeed, should be, but for this very
reason doctors tend to have more experience in their use than
in general anaesthetic techniques. Several good teaching texts
are available, and a selection is listed at the end of this article.
Of the local anaesthetic blocks that are of most practical use,
spinal blocks undoubtedly head the list. Epidurals will be
possible for those who are keen on developing their use. Either
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technique is appropriate for most analgesic requirements in the
abdomen and legs. Among the nerve blocks, brachial block by
the supraclavicular or axillary approach is useful, as is Bier's
block (intravenous perfusion of the limb). Field blocks of the
abdominal wall are not easy to perform, but an inject and cut
technique is safe and simple, especially for repair of a hernia.

Inhalational anaesthesia

Inhalational anaesthesia will be the standard method of
maintaining anaesthesia for the foreseeable future. The
impression gained is that this needs complicated equipment,
but this is not necessarily so. Much of the apparent complexity
is due to dependence on supplies of nitrous oxide and oxygen,
which are stored under high pressures in cylinders. In many
Third World countries distribution of these gases is likely to
produce transport problems, and (even if they are available)
the supply may be uncertain and the equipment, as well as
the nitrous oxide, is expensive (tables I and II). It is possible,
however, to give perfectly adequate and controlled anaesthesia
without nitrous oxide, using relatively simple apparatus. It is
desirable to have oxygen, but if this is used alone a simple flow
meter with a regiulator is all that is needed, and provided that
the gas is used economically large stocks are not required-
indeed, air alone is sufficient for most patients, and the oxygen
may be kept for those who really need it.
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The cost and availability of anaesthetic inhalation agents will
determine what may be used, but most anaesthetists working in
developing countries will have access to ether. This had a
reputation for producing a prolonged hangover due to its
inappropriate use,' but it can be used safely now that concentra-
tions may be measured and administration easily controlled.
The same applies to trichloroethylene (Trilene)' and halothane-
also to ethrane and isoflurane, but these two are expensive and
unsuitable for general use. Methoxyflurane has been withdrawn
from manufacture because of renal side effects, and although
it may still be offered for sale, it is best avoided. All these
agents may be used for spontaneous or controlled respiration
either by hand or using a ventilator.3 Table I summarises
some facts about these agents together with their costs on an
hourly basis; nitrous oxide is included for comparison. It
should be noted that ether is explosive only if mixed with

FIG 1-EMO with accessories set up for use in spontaneous
respiration.

TABLE I-Cost of anaesthetic drugs

Ventilating concentrations
Agent Rough Comments

Controlled Spontaneous cost/hour

Ether 2-3% 6-8% 12-50p At low concentrations
no more vomiting
than with nitrous
oxide. Not explosive
in air

Trichloroethylene 0 3-0-50% Not suitable 3p Good postoperative
pain relief

Halothane 0-50% 1-2-500 30-70p Poor analgesia. Good
induction agent.
Useful in
combination with
trichloroethylene

Nitrous oxide 5 litres/min 80p Transport, regulators,
etc, extra
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oxygen and is inflammable at a concentration of > 1-5% in air,
so diathermy and endoscopy should be avoided when it is in
use.

Equipment

To be effective anaesthetic equipment must meet certain
requirements:

(1) Afford reliable control of anaesthetic concentrations.
(2) Use atmospheric air as a vapourising agent.
(3) Permit enrichment of air with oxygen.
(4) Spontaneous or controlled respiration must be possible.
(5) The equipment may be used with a ventilator.

All these conditions are met by two anaesthetic machines-
namely, the EMO (Ether, Macintosh, Oxford) and the OMV
(Oxford Miniature Vaporiser)-both of which act as draw over
vaporisers. This means that the inspiratory phase of respiration
produced by the patient will draw air and, if needed, oxygen
through the vaporiser at a set concentration. A bellows or self
inflating bag is included in the system to allow gas to flow in

FIG 2-OMV. This can be obtained with either right to left or
left to right gas flow.

one way only and this leads to an expiratory valve or a non-
rebreathing valve that makes artificial ventilation easy. The
exhaled gas passes out of the system completely (see figs 1, 2, and
3). As an alternative, a similar draw over apparatus is made by
Cyprane and an Ambu type bag may be used instead of the
bellows.

All the vaporisers give reliable concentrations of gas and air,
which are constant in different conditions of flow and tempera-
ture. Detailed information on variations is supplied by the
manufacturers, which are listed at the end of this article.

Maintenance of the equipment is minimal and can be done
by the anaesthetist on the spot-the manufacturers will supply
the few necessary tools and detailed manuals. This is in contrast
to the more complicated maintenance of a Boyle's machine,
which entails calling out an expensive maintenance mechanic
from the company.
The EMO is designed for use with ether only, but the OMV

may be used with all volatile agents, for which alternative
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scales are available. Hence, flexibility is enhanced if the machines
are used in tandem with two different agents, such as halothane
and trichloroethylene. Locally made, non-thermocompensated
glass or metal vapourisers may be used in their place, but,
though they are cheaper, they are not so easy to manage,4 so it
is best to confine them to the administration of ether. In either
case, bellows or bag must be part of the equipment, and this
may be obtained locally. Figure 3 shows a diagram of a possible
arrangement of a draw over system.

FIG 3-Diagram of possible arrangements of a draw over system. An OMV,
Cyprane, or locally made vapouriser may be substituted for the EMO and a
ventilator, which can be used as a draw over, for the bellows. The expiratory
valve is for spontaneous respiration only. In controlled ventilation a non-
rebreathing valve must be used, in which the return valve in the bellows,
closest to the patient, must be immobilised. A magnet is provided for
this.

-E

A mask or endotracheal tube may be used for spontaneous
respiration, but if this is to be controlled with muscle relaxants
an endotracheal tube must be inserted. A trouble free example
of a non-rebreathing valve that will function with spontaneous
or controlled respiration is the Ambu-E type. This may be
copied locally without access to high technology. If there is no
valve a finger closing and opening one limb of a Cobb type
connector will make controlled ventilation possible (fig 4).
It is possible to adapt the bellows for paediatric use by
substituting narrow bore tubing from the bellows and connecting
it to the gas inlet of an Ayre's T piece. The bellows, which
hold 2 litres, can then be operated slowly by hand to produce
a nearly continuous flow of 10-12 1/minute.
Oxygen may be added to the inspired air using a simple

flow meter. It is connected by a T piece arrangement (fig 5)
at the air inlet using about 15 cm of old corrugated tubing,
which will ensure that no oxygen is lost up to about 2 1/min
flow. Such a flow will give an inhaled concentration of 25-40%
depending on the depth of respiration. Oxygen concentrators
are now available, but it remains to be seen whether these are
going to be practical for general use.

Intubation

The most widely used laryngoscope is the Macintosh, which
is curved, the largest blade being preferable, so it can be used
without difficulty in normal sized patients while being adequate
for those with long necks. For infants and children up to
2 years a straight blade is preferable, and the Seward and Soper

FIG 5-Addition of oxygen to the inspired air, 1-2 I/min, which
is sufficient for most patients (shown plugged into the air inlet
of an EMO but may be used in the same way with an OMV or
Cyprane vapouriser).

FIG 4-Controlled ventilation when no
ifaigvalve is available, using a mask or
endotracheal tube.

blades are good examples. All laryngoscopes are best used with
hook on blades.

Disposable plastic endotracheal tubes may be reused safely
provided that they are thoroughly cleaned with soap and water
and then sterilised in fresh Savlon or Cidex and finally rinsed
in sterile water. Red rubber tubes are cheaper and have a longer
life. They may be autoclaved or boiled, but it is important to
ensure that they are not deformed in any way during the
process, or the deformity will become permanent. If the tubes
are sealed in brown paper bags before autoclaving they will
remain sterile for at least two months.

Ventilators

In place of bellows a ventilator may be incorporated into the
system; this is useful for long operations. The simplest is the
Radcliffe model which operates the bellows, again as a draw
over. If the electricity supply fails the bellows may be detached
quickly and worked by hand. A larger model has a direct
current motor, which allows it to run off a 12 volt car battery.
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More versatile but more expensive is the Oxford ventilator.5
(Prices of equipment mentioned are quoted in table II, where a
Boyle's machine is included for comparison.) I should like to

TABLE II-Equipment costs

Equipment Cost (,) Comments

EMO with bellows and connections 711 A complete set up but much
improved with OMV

Bellows alone 150 Usually cheaper if made locally
OMV vapouriser alone 225

Cyprane draw over vapouriser 440

Boyle's without accessories 3775

Cylinders if not available for rent 1248 Expect hold ups in supply.
(12 each for nitrous oxide and Oxygen often available locally
oxygen) in rented cylinders. Danger of

lethal contaminants in nitrous
oxide

East Radcliffe positive pressure
ventilator:

Battery or mains 1595 Uses 12 volt car battery
Mains only 700 May be supplied for 110 or 220 V

Oxford ventilator Mk 1 1865 Driven by separate supply of
oxygen or compressed air: not
practical unless these are freely
available

Oxygen concentrator (Drager) 1500 Not yet fully tested in field
conditions and servicing may
be a problem

emphasise that the equipment described above is adequate for
all types of surgery including major thoracic, abdominal, and
neurosurgical procedures. It may also be used for respiratory
resuscitation by removing the vaporisers. Staff using it should
be drilled in the techniques needed for emergency events.

Intravenous anaesthetics

These are usually supplementary to the agents already
mentioned rather than alternatives; they should be used only
by skilled staff who can readily ventilate the patient. Thiopentone
has a good record as long as certain precautions are taken. It
should always be given as a 255% solution and never stronger.
The dose is best limited to 500 mg for an average sized, fit
patient and should be scaled down for those who are not fit.
The drug should not be used as a sole anaesthetic agent. A
range of similar drugs such as methohexitone is available but
these have no marked advantages.

Various combinations of narcotics such as morphine 5-10 mg
and pethidine 50-100 mg combined with sedative antiemetics
such as promethazine 25-50 mg, chlorpromazine 25-50 mg, and
lorazepam 1-2 mg may be given by intravenous injection as an
adjunct to regional and spinal analgesia. They cannot be used
as general anaesthetics. Ketamine (Ketalar), however, may be
used as a total anaesthetic, giving complete analgesia and
unconsciousness but no muscle relaxation. The dose is 5-10
mg/kg intramuscularly, which lasts about 30 minutes, or
2-4 mg/kg intravenously, which lasts about 10 minutes. The
initial dose may be halved for maintenance, or it may be followed
by a conventional general anaesthetic used with or without
intubation. Intubation must not be attempted with ketamine
alone as laryngeal spasm is a real danger; a muscle relaxant
should be given in addition. This drug is particularly useful in
children for surface operations such as burn grafts, as it is not
associated with vomiting and may be used for multiple
operations. The disadvantage is that it may produce unpleasant
hallucinations, but these may be suppressed with a narcotic
or benzodiazepine given preoperatively. Although it is expensive,
ketamine is useful and should be stocked for use in selected
cases.

Teaching

Anaesthesia may be given simply, but anaesthetic principles
need to be scrupulously observed, for it is a thorough under-
standing of the subject that leads to adaptability and flexibility
in practice. In my experience three levels of teaching are
needed for those working in the anaesthetic department of a
Third World hospital.

(1) Nurses and medical assistants: selected trainees should
be taught to become familiar with the apparatus described
above. Ideally, these trainees should be taught by the resident
anaesthetist, but there are relatively few who have the requisite
teaching skills, enthusiasm, and time to undertake this. Hence
most trainees will have to be taught in the larger medical
centres as near as possible to their own hospital.

(2) Non-specialists: doctors for whom anaesthesia may not
be a sole interest or responsibility may be taught on site by
the resident anaesthetist.

(3) Specialists in anaesthetics: full time anaesthetic training
in recognised centres is needed on a larger scale than is currently
available. Specialists need to be taught techniques that are
appropriate to the countries in which they work, and un-
fortunately, at present, few centres give this sort of training,
with the result that most trainees get the idea that without a
Boyle's or Heidbrink machine nothing can be done.

In my view, promoting and encouraging appropriate
anaesthetic training programmes is essential. (A detailed
teaching manual called Primary anaesthesia will be published
by the World Health Organisation before the end of 1984,
which will be suitable for use in training both doctors and
auxiliaries.) By this means, and using the simple equipment
described above, any form of surgery may be undertaken and a
standard of anaesthesia maintained that is equally as good as
that in Western countries.
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EMO/OMV/Oxford ventilator, laryngoscopes, and endotracheal tubes.
Penlon Ltd, Abingdon, Bucks OX14 3PH.

Radcliffe ventilator. H G East & Co Ltd, Sandy Lane W, Littlemore,
Oxford OX4 5JT.
Cyprane vapourisers. Cyprane, New Devonshire House, Scott Street,

Keighley, Bucks BD21 2NN.
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