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historians for its accuracy and in addition it is extremely
readable. It abounds in quotable phrases-"Pitt was always
proof against the call of duty when he saw nothing to his
own advantage;" or again, "Few people today are so naive as
to equate monarchy with tyranny or republicanism with
virtue." It is, indeed, an ideal book for refreshment at the
end of a day's work.
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Today's Drugs

With the help of expert contributors we print in this section notes on drugs in common use

Oxygen Therapy
British Medical Journal, 1972, 4, 480-481

Additional inspired oxygen may be needed whenever tissue
oxygenation is impaired, to allow essential metabolic reactions to
occur. Inadequate tissue oxygenation implies a defect at some
stage in the transport of oxygen from inspired air to the tissues-
either in the lungs, the cardiovascular system, the blood, or the
tissues. Thus oxygen may be required in a wide variety of
conditions such as the respiratory distress syndrome, chronic
bronchitis, asthma, pneumonia, cardiac infarction, shock,
clostridial infections, carbon monoxide poisoning, and many
more. These are considered in a comprehensive survey of
oxygen therapy' but are beyond the scope of this article, which
will be confined to the management of oxygen therapy in adult
patients with cardiorespiratory disease.
The purpose of oxygen therapy is to prevent the complications

attributed to hypoxaemia. These include confusion and other
signs of cerebral anoxia, cardiac arrhythmias, reactive pulmonary
hypertension, lactic acidosis, and tissue death. Oxygen is usually
given as a temporary measure to prevent tissue hypoxia, but in
no way replaces the definitive treatment of the underlying cause.

Dangers of Therapy

The most important danger from oxygen therapy is the develop-
ment of carbon-dioxide narcosis in patients with ventilatory
failure. The way in which oxygen is administered depends
largely on whether the patient has ventilatory failure or not and
this is discussed below. Other complications are rare and largely
preventable. They include the risk of fire and explosion,
collapse of the lung, and damage to pulmonary epithelium
(which does not, however, appear to cause problems unless the
inspired oxygen concentration exceeds 70%2.)

Indications

PATIENTS WITHOUT VENTILATORY FAILURE

Ventilatory failure (CO2 retention) is not present in most
patients with cardiorespiratory disease-for example, asthma,
pneumonia, pulmonary oedema, pulmonary embolism, and
fibrosing alveolitis. These patients usually have a low arterial
Po2 and a normal or low arterial Pco2. Measurement of arterial
Po2 is not essential but is helpful and often reveals quite severe
hypoxaemia in conditions such as asthma. Oxygen is usually
given to these patients in high concentrations (uncontrolled
oxygen therapy). Though most of these patients have a normal

or low arterial Pco2, the iller patients will occasionally develop
CO2 retention and this can be determined only by measuring
Pco2. This should be done in any asthmatic patient with an
unrecordable peak flow rate and in the iller patients with
pneumonia, pulmonary oedema, etc.

PATIENTS WITH VENTILATORY FAILURE

The main problems with oxygen therapy occur in patients with
ventilatory failure who are depending to some extent on a
hypoxic drive. This is seen particularly in patients with an
acute exacerbation of chronic bronchitis. The dangers of oxygen
therapy are greater and the benefits are perhaps more debatable.
These patients, who have often had an arterial Po, below
60 mm Hg for many years, develop adaptive processes to
improve oxygen transport. They appear to tolerate a further
reduction in arterial Po, relatively well and can be managed
without any oxygen therapy. Most people prefer to treat these
patients with low concentrations of oxygen (controlled oxygen
therapy). This usually results in a small increase in both arterial
Po, and Pco,. Because these patients are on the steep part of their
oxygen dissociation curve the small increase in arterial Po2
will be associated with a relatively large increase in oxygen
content of the blood and in the oxygen available to the tissues.
The rise in Pco, is related to the increase in inspired oxygen
concentration-if this is small (for example, 24%) the rise in
Pco, is usually small.2
There are many ways of giving controlled oxygen therapy

to these patients but the following procedure appears to be
satisfactory. A baseline measurement of either arterial or
mixed venous Pco2 is made, the patient is given 24% oxygen,
and Pco2 is measured again after one hour. If the Pco2 is less
than 75 mm Hg (arterial) or 85 mm Hg (mixed venous) and if
the rise in Pco2 is less than 10 mm Hg it is considered safe to
proceed to 28% oxygen. Further measurements of Pco2
should then be made after another hour and at suitable intervals
afterwards depending on the level of Pco2 and the patient's
condition. It is probably wise not to exceed 24% if Pco2 cannot
be measured regularly or if mechanical ventilation is either not
available or considered unsuitable should CO2 narcosis occur.
When patients are seen with CO2 narcosis from high con-

centrations of oxygen, it is important not to withdraw the
oxygen suddenly as the arterial oxygen tension will rapidly fall
and if the Pco2 is at narcotic levels the patient will die from
anoxia. If the patient is conscious he should be vigorously
encouraged to breath while the inspired oxygen concentration is
slowly reduced. If he is unconscious assisted ventilation should
be instituted immediately.
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Oxygen Administration

UNCONTROLLED OXYGEN THERAPY

With uncontrolled oxygen therapy the concentration of oxygen
depends on the flow rate and on the tidal volume of the patient.
It is often casually referred to as 100% oxygen, though in fact it
is usually 30-60% and rarely exceeds 70%. To obtain higher
concentration it is necessary to have a reservoir bag, a leak-proof
mask or mouth piece, and an expiratory valve. All these are
cumbersome and fortunately unnecessary in most conditions.
An oxygen concentration of 60% will provide an inspired
oxygen tension of about 430 mm Hg.
Oxygen is usually given by lightweight, plastic disposable

oxygen masks such as the M.C. or B.O.C. mask or by disposable
nasal catheters. The M.C. mask is fairly comfortable and stable
and has a small dead space so that there is little CO2 accumula-
tion. If patients find the mask too hot this can usually be helped
by increasing the flow rate, and discomfort from the elastic
attachment can be relieved by padding. Nasal catheters are
often more comfortable for long periods of time and are more
convenient for eating and drinking. Humidification is necessary
to prevent drying of the nasal mucosa. The M.C. mask will
delivery an inspired oxygen concentration of around 50-60%
and nasal catheters 30-40%. Oxygen tents are virtually obsolete
in clinical practice because of the associated problems in
nursing care and medical supervision of the patient, the adverse
effect on patient morale, and the high oxygen requirements
(without which there is CO2 retention.)

CONTROLLED OXYGEN THERAPY

Controlled oxygen is usually given by the Ventimask, which
employs the venturi principle (Figure). Oxygen enters as a jet
and entrains air from holes in the side of the mask. If the flow
rate of oxygen is increased the amount of air entrained increases
so that the actual concentration of oxygen is constant. This is
true with the Ventimask at flow rates between 2 and 8 l./mi,
but the concentration will change once these limits are exceeded.
The recommended oxygen flow is 2 1./min for 24% oxygen and
4 l./min for 28% oxygen. With the entrained air these both
give a high total flow rate (40 1./min), which flushes out the
expired CO2 and also helps to keep the face cool. This mask is
probably the best for giving controlled oxygen but it is not

P......

Patient wearing a Ventimask

completely foolproof. It is essential that the air holes are kept
free, and hence important to remember that these can be occlu-
ded by a patient clutching the mask or by plaster used to strap
the oxygen tubing to the mask.
A head tent invoking the venturi principle is available for use

in hospital but patients find it rather warm and it has not
achieved widespread use. The Edinburgh mask gives a low
concentration of inspired oxygen but the actual concentration
does depend on the flow rate and the patient's tidal volume. As
with nasal catheters the patient is still at the mercy of the
inveterate oxygen knob fiddler-whether doctor, nurse, or
visitor.

Humidification

Contrary to popular belief there is usually no need to humidify
oxygen when given by a mask as it will be fully humidified in the
nose, mouth, and upper airways. It is in any case impossible to
humidify more than 10% of the air inspired from a Ventimask
as at least 90% of the inspired gas is air entrained in the holes in
the side of the mask. It is helpful to humidify oxygen in nasal
catheters to prevent drying in the nose, and it is essential to
humidify oxygen or any gas if the upper airWays are bypassed
as with an endotracheal tube or tracheostomy.

Domiciliary Oxygen

Many doctors in general practice, particularly rural areas, carry
oxygen for emergency use-particularly for patients with
myocardial infarction, pulmonary oedema, or asthma. A light-
weight oxygen cylinder able to deliver 6 I./min for one hour is
recommended for this purpose." Ambulances should carry
oxygen cylinders with masks for giving both controlled or high
concentrations of oxygen. Low concentrations should be given
by the ambulance men if they receive no specific instructions
from a doctor.
Long-term oxygen is sometimes given in the home, usually to

patients with severe respiratory disease. There is no evidence
yet that this improves their prognosis but many patients do
obtain symptomatic benefit. Objective improvement can some-
times be shown by comparing the distance a patient can walk
when breathing oxygen or air from a cylinder without the
patient's knowledge. This should be carried out in hospital
before long-term oxygen is recommended, but it is not practic-
able in the home, where the doctor has to depend on the patient's
subjective assessment.

Standard oxygen equipment and cylinders (48 cu. ft) may be
obtained on an E.C.10 from certain approved chemists (details
obtainable from any chemist), who also contract to deliver and
collect oxygen sets and cylinders if necessary and to explain to
the patient at home how the oxygen set should be erected and
used. A standard oxygen set consists of a reducing valve, content
gauge, adapter, key spanner, 41 ft (14 m) of connecting tub-
ing, and a disposable mask (28% Ventimask unless otherwise
specified). A longer connecting tubing may be needed to allow
the patient greater flexibility. Portable oxygen cylinders are
less useful, partly because they need to be filled frequently
from a large cylinder-a process which requires some expertise.
They are not available on the drug tariff.
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