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TO-DAY'S DRUGS

A Rational Approach to Oxygen Therapy

An understanding of the action and effectiveness of a drug
should govern the prescription of any therapeutic regimen,
and this principle applies equally to the treatment of patients
with an oxygen-enriched atmosphere. The fundamental aim
of 02 therapy is to restore the oxygen tension (Po2) in the
tissues towards normal, and a knowledge of the situations in
which the Po2 of the tissues falls is essential in order to
understand the basic indications for this form of treatment.

Principles Underlying Oxygen Carriage

Normal inspired air contains 20 volumes per cent. of oxygen

(partial pressure 150 mm. Hg); as this gas mixture passes
down the bronchi it becomes saturated with water vapour

and establishes in the alveoli a dynamic equilibrium with the
blood, where the mean Po2 measures about 100 mm. Hg. It
is important to remember that the sum of the partial pres-

sures of carbon dioxide, oxygen, nitrogen, and water vapour
within the alveoli is equal to atmospheric pressure and the
partial pressures of nitrogen and water vapour remain approxi-
mately constant. Therefore any situation which tends to
increase the partial pressure of CO2 in the alveoli will
inevitably reduce that of oxygen.

Oxygen within the alveoli diffuses into the blood in the
pulmonary capillaries, raising the plasma Po2 to a figure
slightly less than 100 mm. Hg, and is taken up by the haemo-
globin of the red cells, which becomes about 98% saturated.
(The haemoglobin of 100 ml. of fully saturated blood carries
approximately 20 ml. 02.) As blood is exposed to the lower
oxygen tensions of the tissues oxygen is given up. With
tensions over 60-70 mm. Hg the haemoglobin saturation falls
slowly to about 90% ; at lower tensions blood gives up much
of its oxygen with only a moderate further fall in Po2, and
this feature of the haemoglobin-dissociation curve for oxvgen
ensures an adequate supply of oxygen to the tissues. Raising
the partial pressure above 100 mm. Hg with oxygen-enriched
air cannot increase the oxygen content of the blood by more

than the amount held in simple solution in direct proportion
to its partial pressure. Normally only 0.3 ml. of dissolved
02 is carried by 100 ml. blood, but this can be increased sixfold
when breathing 100% oxygen. In practice, owing to the
inefficiency of standard equipment for the administration of
02 a fourfold increase can be achieved, resulting in an addi-
tional 50 ml. of oxygen being transported to te tissues per
minute. This represents about one-fifth of the asal oxygen
requirements of the body per minute.

Signs and Symptoms of Oxygen Deficiency

The clinical diagnosis of central cyanosis depends upon the
recognition of blueness in tissues receiving a high blood-flow
and is therefore assessed best in the lips, tongue, or warm
extremities. Central cyanosis reflects a deficient oxygen satu-
ration of haemoglobin and generally indicates the presence
of severe hypoxaemia; however, there are situations in which
the degree of cyanosis is disproportionate to the severity of
oxygen-lack, and cyanosis is not a reliable sign of hypoxaemia
until the haemoglobin saturation falls below about 75 %.1
Moderate falls in oxygen tension in the tissues can occur
before cyanosis is detectable, and when the haemoglobin con-
tent of the blood is reduced in severe anaemic states (Hb
of 40.50%)2 the oxygen tension in the tissues will be greatly
reduced before cyanosis is apparent. Oxygen deficiency may

central cyanosis may be present without serious oxygen-

deficiency in polycythaemia and right to left cardiac or pul-

monary shunts, when a normal oxygen supply to the tissues

is maintained by the increased quantity of circulating haemo-

globin, and by an increased blood-flow. " Central" cyanosis

is commonly confused with the " peripheral" type, which is

associated with a delayed circulation and may occur in the

presence of a normal arterial saturation.3

Dyspnoea is an unreliable indication of oxygen deficiency
because it is frequently due to other chemical or mechanical

factors in patients with lung disease which are not related to

hypoxia. Nevertheless, part of the ventilatory drive is main-

tained by the tissue-oxygen tension of peripheral chemo-

receptors.4 Tachycardia is usually present in hypoxia, but

again is frequently related to other coincidental factors such

as fever. If, however, the pulse rate falls on treatment with

oxygen, this is good indirect evidence that hypoxia is being

corrected. In clinical practice hypoxia is very commonly

associated with hypercarbia (retention of carbon dioxide), and

many neurological and mental symptoms develop as a result

of the combined disturbance. Among these disorientation,

memory impairment, and confusion may be presenting symp-

toms, advancing to convulsions and coma if oxygen deficiency

and CO2 accumulation are allowed to progress unchecked.

In hospital practice facilities are often available for the

direct measurement of arterial oxygen saturation and Po2,

and the introduction of an accurate and simple ward test to

measure the arterial Pco25 now overcomes the difficulties of

clinical assessment. But these facilities may not be available,

or the patient may be under home management. In such

circumstances, in view of the unreliability of the physical

signs of hypoxia, treatment with oxygen should be based on

an understanding of the situations which are liable to render

a patient hypoxic. These will now be discussed.

Types of Oxygen Deficiency

The alveolar Po2 may fall below normal for several reasons

and this results in " anoxic anoxaemia." For instance, at high

altitudes the oxygen content of the inspired air is lowered

because of the low total atmospheric pressure. In clinical

practice any condition which leads to a lowered alveolar ven-

tilation while maintaining a normal alveolar blood-flow will

result in incomplete saturation of the haemoglobin in the

pulmonary capillaries, and an imbalance between ventilation

and perfusion is the most important mechanism by which

hypoxia develops in pulmonary disease.7 This disturbance of

function occurs in severe airways obstruction, in destructive

lung disease, and in restrictive diseases of the lungs and chest

wall.

Obstruction of airways may be due to organic disease of the

bronchial wall; spasm of the bronchial muscles and mucosal

oedema such as occurs in bronchial asthma; or retention of

secretions, which is a common complication of chronic bron-

chitis. In addition to oxygen therapy clearing of the airways

by appropriate treatment with bronchodilators or physio-

therapy is fundamental in the treatment of these patients if

hypercapnia (excess of CO2 in the blood) is to be avoided.

Failure of alveolar ventilation also occurs when there is wide-

spread damage to the ventilating portions of the lung-for

instance, emphysema, advanced pneumoconiosis, extensive

tuberculosis, or widespread fibrosis from any cause. If heart

failure complicates any of these conditions, oxygen therapy is

vital. This is not only to improve tissue oxygenation, but

also because there is now good evidence that oxygen
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therefore be severe in the absence of cyanosis. Conversely,
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stration can, at least in part, reverse pulmonary hypertension
caused by hypoxic vasoconstriction of the small muscular
pulmonary arteries.
Imbalance between alveolar ventilation and perfusion will

also develop in restrictive disease of the chest wall, such as
bilateral pleural thickening, kyphoscoliosis, and gross obesity;
from diseases resulting in inadequate musculature of the chest
wall, such as infantile paralysis, polyneuritis, progressive
muscular atrophy, and myasthenia gravis; and also where
there are lesions of the central nervous system which
diminish the motor drive of the respiratory muscles. Treat-
ment with an oxygen-enriched atmosphere of about 30%
oxygen will usually restore towards normal the partial pres-
sure of oxygen within the underventilated alveoli and thus
restore tissue-oxygen tensions to safe levels. Explanations
will be given later why it can be dangerous to administer
oxygen in higher concentrations, either continuously or inter-
mittently.

Tissue hypoxia also results when inadequate oxygen is
carried to the tissues owing to deficient haemoglobin
(" anaemic anoxia "). This occurs in anaemic states, and
also when haemoglobin is not available for oxygen transport
in carbon-monoxide poisoning or methaemoglobinaemia.
Oxygen therapy can only help in these conditions by increas-
ing the amount of dissolved oxygen in the blood and the
greatest increase will be obtained by using high concentrations
of oxygen. This is best achieved by administering 100%
oxygen in a tightly fitting appliance such as a B.L.B. rubber
face-mask with a sufficient humidified gas-flow to prevent
accumulation of CO2 within the mask. When treating patients
with carbon-monoxide poisoning the addition of 5% CO2
together with 02 encourages the dissociation of carbamino-
haemoglobin with the liberation of haemoglobin for oxygen
transport. Oxygen in high concentration should not be used
for prolonged periods, because this may cause pulmonary
collapse with consequent fall in ventilation. Recently methods
have been developed to administer oxygen at pressures greater
than atmospheric,8 9 and the use of hyperbaric oxygen may
prove valuable in the treatment of coal-gas poisoning if faci-
lities are readily available.

In circulatory failure transport of oxygen fails for haemo-
dynamic reasons (stagnant anoxia), and oxygen therapy using
high concentrations is aimed at increasing the amount of
oxygen carried in solution. It has been shown recently that
in conditions of shock not only does hypoxia develop from
circulatory failure but also that alveolar hypoventilation
occurs resulting in a lowered alveolar Po2 1 Oxygen therapy
both corrects the latter and increases plasma-oxygen transport.

In patients with pneumonia cyanosis may be present either
because of a total reduction of alveolar ventilation, or, much
more commonly, because of shunting of unsaturated blood
through non-ventilated consolidated areas of lung. Provided
underlying chronic lung disease does not make its use
dangerous (see below), high oxygen concentrations increase the
plasma-oxygen content, and this in turn is taken up by the
unsaturated shunted haemoglobin in the pulmonary veins.

Oxygen Therapy in Patients with Chronic Elevation of Pco2
The most important problem arising during the course of

oxygen therapy is that which occurs in patients with chronic
widespread lung disease (for example, chronic bronchitis and
emphysema) associated with long-standing elevations of the
Pco2. In these patients the respiratory centre is less sen-
sitive than normal to changes in the Pco, but the stimulus
due to oxygen lack, mediated by the carotid and aortic bodies,
remains. If high concentrations of oxygen are given to these
patients the depth and rate of respiration diminish, with a
precipitous increase in the amount of carbon dioxide retained

within the body. The clinical features of this state include
peripheral vasodilatation with a bounding pulse and fall in
blood-pressure, irregular muscle-twitching, and coarse tremor.
With further deterioration the patient becomes confused and
drowsy, the pupils contract, and coma develops. Occasionally
engorged fundal veins and papilloedema can be seen, and if
the patient is conscious he may complain of headache. There is
some evidence that the development of these signs depends
upon the rate of change of Pco2 rather than its absolute
value" and that the signs described develop in the above
order as the Pco2 rises. This group of patients should be
treated with high flow rates of oxygen not exceeding 30%
concentration; this will prevent serious tissue hypoxia, but
will also tend to limit the extent of accumulation of carbon
dioxide.'2 The rationale of this method' of oxygen adminis-
tration was first described by Campbell's and can now be
achieved simply and cheaply using a mask employing the
Venturi principle (the disposable Ventimask as supplied by
Oxygenaire). The Edinburgh mask"4 (supplied by British
Oxygen Company) is also cheap and disposable and can be
adjusted to deliver 30% 0, (see Table I), but with this mask
the oxygen concentration is dependent on flow rate and the
patient's ventilation, and in some circumstances may be
disadvantageous. With these masks there is no accumulation
of carbon dioxide within the facepiece; the danger of such
accumulation contraindicates a tightly fitting conventional
mask.'5 Administration of oxygen with a low gas flow of
under 5 litres a minute by polymask is also contraindicated;
first because the concentration of oxygen (about 35-45%)
tends to cause respiratory depression, and secondly because
carbon dioxide accumulates within the mask.'6 Treatment
of these patients with intermittent oxygen is dangerous,
because during the periods in which oxygen is withheld
carbon dioxide continues to be excreted into the alveoli in
large amounts, and, as explained earlier, by displacing alveolar
oxygen results in lowering of Po2, exposing the patient to
extreme conditions of hypoxia.'2 16
In patients with chronic elevation of Pco2 all forms of

oxygen therapy, including 30% mixtures, commonly cause
some increase in carbon-dioxide retention, particularly during
the first four hours of treatment, but this is not usually great
enough to result in CO2 narcosis. However, for this reason
close observation is necessary while any form of oxygen is
given. If respiration diminishes oxygen must be continued,
but additional measures must also be taken to maintain ven-
tilation. The value of respiratory stimulants in this situation
is controversial, and many authors have failed to demonstrate
any substantial fall in the Pco2 after giving respiratory
stimulants such as nikethamide.'7 18 However, there is
evidence that some fall in Pco2 occurs, and also that the
mental state of these patients can generally be improved,
whatever the mechanism may be. Stimulants have to be given
in relatively large doses (2-10 ml. intravenously) slowly
and repeated frequently while continuing oxygen therapy.
This level of administration is near to the convulsive dose,
and must be pursued only under careful supervision. It must
also be remembered that if ventilatory efforts of a patient are
increased with a respiration stimulant the oxygen consump-
tion of the respiratory muscles rises, particularly if severe
airways obstruction co-exists, and this adds to the demands
on the limited oxygen supply. These drugs should therefore
probably be used only in extreme emergency or in special
hospital circumstances, where alternative methods of assisted
ventilation are available.

Ventilation can be improved most satisfactorily by using a
positive pressure respirator in conjunction with either an

endotracheal tube or a tracheostomy. A patient-triggered
respirator is usually inadequate because of the difficulties of
obtaining an effective air seal and sufficient ventilation in
severely ill and uncooperative patients. Methods of assisted
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ventilation are now generally available in hospital practice,
and it is important that patients who fail to respond to oxygen
therapy are transferred to such centres so that, when appro-
priate, these methods may be employed. It cannot be over-
stressed that in this group of patients oxygen treatment is
imperative and must not be withheld for fear of the develop-
ment of CO2 narcosis.

Portable Oxygen

Portable oxygen supplied in small cylinders to be carried
by patients was introduced by Cotes and Gilson.19 The main
indication for their use is the severely disabled patient who
develops gross central cyanosis on exercise, and in these
patients exercise tolerance can be improved sufficiently to
allow them a minimal degree of activity. The limiting factor
of portable oxygen is the small capacity of the cylinders,
which last for only 10 to 15 minutes, and the manipulation
required to refill these is usually more than severely disabled
and hypoxic patients can manage by themselves.

Oxygen Therapy in Conditions Not Associated With
Retention of Carbon Dioxide

In acute pulmonary conditions where regions of normal
lung compensate by hyperventilation for the diminished
excretion of CO2 in the diseased portion-for example, lobar
pneumonia, pulmonary embolus, pneumothorax-there is
little danger of CO2 retention, and the administration of
100% oxygen for limited periods is not only safe but relieves
tissue hypoxia by increasing the amount of oxygen carried in
solution. Some common methods of oxygen administration
are shown in Table I. It should be noted that, althoughh

TABLE I

Flow Alveolar 02
Method of Ow Rate ronn CommentsAdministration litre/min. trappron

Ventimask 5 27% Venturi principle. Constant 02
(Oxygenaire) concentration with varying

flow rates. Humidification
unnecessary.

Edinburgh Mask 1 24%-28% Os concentration varies with
(British Oxygen 2 27%-31% flow rates and ventilation.
Company) 3 29%-41%

Nasal Catheter 4 30% Os concentration varies with
Tudor Edwards 6 40% flow rates and ventilation.
Spectacles 8 60%

Oxygen Tent 10 350/ 40% CO accumulates with flow
15. 40O7o45% rates below 10 litre/mmi.

Plastic Mask 2 45% COs accumulation tends to
Polymask 4 60% occur.

B.L.B. Oronasal 4 66% COs accumulation tends to
Mask 6 78% occur.

N.B. The alveolar concentrations obtained with different flow rates vary consider-
ably in published reports and these figures should be used as a general guide only.

100% oxygen is given, owing to the inefficiencies of the
apparatus used the concentration in inspired air lies usually
between 35 and 45%, and seldom rises above 60%. Although
this is not yet proved, it is possible that in most circum-
stances it is an advantage to limit the concentration of inhaled
oxygen. Experiments have shown that after prolonged use of
about 75% oxygen not only does the lung collapse, which
reduces ventilation, but convulsions and cerebral disturbances
occur, due possibly to interference with cell-enzyme systems.20
It is well recognized that if premature infants are exposed to
40% oxygen for long periods retrolental fibroplasia can
develop.21 The prolonged use of very high concentrations of
oxygen should therefore be avoided.

Humidification

As a general rule, effective humidification should always be
incorporated in any system of oxygen administration but is
not essential using masks employing the Venturi principle,
because 90-95% of the gas mixture is naturally humidified
room air. During normal respiration inspired air is com-
pletely saturated with water vapour at body temperature, and
as much as 60 ml. water per hour can be removed from the
epithelium of the large airways. During therapy oxygen
should be humidified by an efficient nebulizer22; bubbling
oxygen through water does not result in adequate humidifica-
tion and this method should be abandoned.
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Approved Names
The last supplement to the July 1963 consolidated list of Approved
Names was published in the B.M.Y. of 7 November (p. 1185). A
further supplement, dated November 1964, is printed below. A
new consolidated list, dated December 1964, is now available, price
4s., from the Secretary, British Pharmacopoeia Commission, General
Medical Council Office, 44 Hallam Street, London W.1, to whom
all other inquiries relating to Approved Names should be addressed.

Approved Name Other Names Action and Use

Ambucetamide .. a-Dibutylamino4-methoxyphenylacet- Antispasmodic
amide
Present In Femerital

Clopamide .. 4-Chloro-N-(2,6-dimethylpiperidino)-3- Diuretic
sulphamoylbenzamide
Brinaldix

Denatonium Benzyldiethyl-(2,6-xylylcarbamoylmethyl) Denaturant of
benzoate ammonium benzoate alcohol

Bitrex
Dipyrone .. Sodium 2,3-dimethyl-1-phenyl-5- Analgesic

pyrazolon-4-yl-N-methylamino-
methanesulphonate
Sodium noramidopyrine methane-
sulphonate
Methampyrone
Present in Isaverin

Malethamer .. Maleic anhydride-ethylene polymer Antiperistaltic
Pyritinol.. .. Di-(5-hydroxy-4-hydroxymethyl-6- Sedative

methyl-3-pyridyl-methyl) disulphide
Encephabol is the dihydrochloride

Rolitetracycline.. N-(I-Pyrrolidinylmethyl)tetracycline Antibiotic
Present in Syntetrin

Thiocarlide .. NN'-Di-(4-isopentyloxyphenyl)thiourea Treatment of
Isoxyl tuberculosis

Triclofenol Piperazine di-(2,4,5-trichlorophenoxide) Anhelnintk
piperazine Present in Ranestol

Tropicamide .. N-Ethyl-N-(4-pyridylmethyl)tropamide Anticholinic
Mydriacyl (ophthalmic)
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