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TO-DAY'S DRUGS
DRUGS FOR RESPIRATORY INSUFFICIENCY

Effects of Respiratory Insufficiency
In patients disabled by chronic bronchitis and
emphysema there are several factors which tend to
reduce alveolar ventilation. To the increased resistance
of the airways and increased work of breathing may be
added poor distribution of the inspired air and an

abnormal balance between the ventilation and the blood-
flow of different parts of the lungs. Oxygen uptake
and carbon-dioxide elimination are interfered with, so

that the arterial oxygen tension (Po2) falls and the
arterial carbon dioxide tension (Pco2) rises. The hypox-
aemia is the more serious effect and the rise in Pco2
may at first cause few ill-effects, since the retention of
bicarbonate by the kidneys buffers the rise in hydrogen-
ion concentration. Later, however, when high levels
of Pco2 and hydrogen-ion concentration are present,

various effects are produced in the cardiovascular and
central nervous systems which result eventually in coma.

Established respiratory insufficiency is best treated
initially in hospital where full investigations can be
carried out. Afterwards, when the patient's condition
has improved, it may be possible to maintain control
under out-patient supervision.

Oxygen Administration
Ventilatory failure in chronic bronchitis may be con-

stantly present or only occur during an infective
exacerbation. Treatment with antibiotics, broncho-
dilators, physiotherapy, and, in some cases, steroids
will frequently improve ventilation by reducing the work
of breathing and improving the volume and distribution
of inspired air. The correction of hypoxaemia is of
prime importance, and an increase in oxygen saturation
can usually be achieved by giving oxygen in a concentra-
tion of 25-30% at a high-flow rate.' Higher concentra-
tions of oxygen may lead to undesirable effects, parti-
cularly in patients with carbon-dioxide retention; the
hypoxaemia and lactic acidaemia which mainly drive
ventilation in these patients may both be removed by
high oxygen concentrations and carbon dioxide accumu-
lates owing to the lowered alveolar ventilation. Inter-
mittent oxygen administration is dangerous; the rise
in Pco, persists when the oxygen is stopped, and leads
to a more severe degree of hypoxaemia than was present
before. In spite of all these measures respiratory failure
may persist and respiratory stimulants may then be of
considerable value.

Respiratory Stmulants
The effects of an ideal respiratory stimulant should

be:
1. An increase in ventilation. VWhilst this is in general

an advantage, in some patients the increase in the work
of breathing is so marked as to reduce the amount of
oxygen available for other purposes,2 leading to a fall
in arterial Po2 and a rise in Pco2.

2. A consequent increase in arterial oxygen saturation
and oxygen supply to tissues, this being the main object
of using these drugs.

3. Lowering of the arterial carbon-dioxide tension by
an increase in alveolar ventilation and CO2 output by
the lungs. A high Pco2 ordinarily facilitates CO2
excretion ; if it is lowered by buffering and an increase
in the renal output of bicarbonate, rather than by
an increase in CO2 excretion by the lungs, alveolar
ventilation needs to be increased to maintain a
constant CO2 output. A stimulant drug is often of
value in preventing the rise in Pco2 provoked by oxygen
administration.

4. Prompt action. This enables rapid assessment
of its effects, so that other measures can be adopted if
no response occurs.

5. Low incidence of side-effects.
The drugs hitherto used in respiratory failure fall into

two broad groups: (1) Central nervous stimulants such
as nikethamide and amiphenazole. (2) A second group
whose action is mainly on CO2 metabolism and
acid-base balance (acetazolamide, dichlorphenamide,
THAM).

Central Nervous Stimulants
Nikethamide (" coramine") has been found to pro-

duce a significant fall in arterial Pco2.3 It may be given
in a single dose of 1 ml. (0.25 g.) intravenously repeated
every minute until a response occurs or side-effects are
produced; further injections can be given to maintain
ventilation. Its action when given this way is short-
lived, the respiratory stimulation ending within five
minutes, but up to 5 g. can be given over 30 minutes
to maintain a response. This may be the most con-
venient method, and it is a quick way of seeing whether
a patient is going to respond. The drug has also been
given by continuous intravenous administration.4 An
improvement in the mental state of comatose patients
may be obtained, but this effect is not necessarily most
marked in those with the greatest fall in Pco2. Rest-
lessness and coughing may be produced, together with
less desirable side-effects such as sweating, skin irritation,
nausea, vomiting, and facial twitching. The difference
between the clinically effective dose and that which may
produce side-effects is small.
Amiphenazole (" daptazole.") appears to have a

similar effect to nikethamide when given intravenously.
The side-effects are also similar, but Little5 found that
they were less distressing, even when large doses were
given continuously for three to four weeks. An intra-
venous dose of 150 mg. may be repeated hourly; a
similar dose can be given by mouth three to six times
daily, this regime being sometimes of value in out-
patients with chronic ventilatory failure.

Vanillic acid diethylamide (" vandid," " ethamivan")
is another drug with similar effects-and side-effects-as
nikethamide, to which it is chemically related. Silipo
et al.6 found that it produced a fall in arterial Pco2 in
a proportion of patients with moderately severe ventila-
tory failure. As a result of wider experience with this
drug Miller et al.7 have recently reported improvement
in 42 of 44 patients with chronic bronchitis in whom
it was given intravenously, though the change in blood
gases was not recorded. These authors recommend an
intravenous dosage of 0.5-5 mg./kg.; the effect of this
injection is seen within a minute and lasts 10-20
minutes; if a response occurs it may be given con-
tinuously at a rate of 0.05-0.15 mg./kg./min. For main-
tenance treatment in conscious patients, the oral route
can be used, a usual dose being 20 mg. two to three
times daily. As with other analeptic drugs a watch
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should be kept for facial twitching. This may herald
convulsions, which can be fatal.
The aliphatic amines crotethamide and cropropamide

form the drug prethcamide (" micoren "); Lund-
Johansen8 investigated its effect on oxygen saturation
by oximetry in 22 patients with respiratory failure. A
dose of 225 mg. given intravenously over two minutes
produced an increase in ventilation and a slight rise in
arterial oxygen saturation. It can be also given by
continuous intravenous drip, but there is considerable
variation in the effective dose and side-effects are
common.

All these drugs can stimulate breathing and produce
coughing and an improved mental state; they are of
value in severe ventilatory failure, especially where the
use of oxygen has caused an increase in CO2 retention.
Although some patients respond dramatically, there is
no way of predicting which will do so. If an increase
in ventilation and a fall in Pco2 is produced by intra-
venous injection, maintenance treatment may be con-
tinued by repeated injections or continuous infusion.
Care is required, since the difference between the
therapeutically effective dose and a toxic one is small,
and in cases that do not respond tracheotomy and
artificial ventilation should not be delayed.

Sulphonamide Derivatives
The effects of the sulphonamide derivatives acetazol-

amide (" diamox ") and dichlorphenamide (" daranide ")
on ventilation and acid-base balance have been exten-
sively studied in animals and in patients with respiratory
failure. They inhibit the catalytic activity of carbonic
anhydrase within the red blood corpuscles and certain
other cells ; this interferes with CO2 transport and the
tissue Pco2 rises; ventilation increases, and arterial
Pco2 falls.9 Renal excretion of bicarbonate is increased;
excretion of sodium, potassium, and chloride also rises
and an osmotic diuresis results. The loss of bicarbonate
may lead to a metabolic acidosis which can aggravate
a poorly compensated respiratory acidosis in these
severely ill patients. The effect is less marked with
dichlorphenamide, which is now more -widely used than
acetazolamide for respiratory failure.
These drugs are liable to cause side-effects, parti-

cularly headaches; the latter are common in ambulant
patients,'0 owing possibly to the further increase in tissue
Pco2 produced by exercise. Dichlorphenamide 100-
200 mg. may be given daily in divided dose by mouth,
the main indication for its use being severe CO2 reten-
tion and hypoxaemia in a conscious patient. Should it
be effective without troublesome side-effects long-term
treatment can be given. It may also be of value in
preventing underventilation during sleep and during the
weaning " period in a patient who has been treated by

artificial ventilation. In general, the effect of these drugs
in the treatment of out-patients is disappointing.10

Other Drugs
Trihydroxymnethylaminomethane (THAM, TRIS) is

an effective buffering agent capable of raising the pH of
acidotic patients. But as its action is to buffer the rise
in Pco2 without an increase in ventilation, it may aggra-
vate hypoxaemia in patients with respiratory failure,11
and it should not be used. Aminophylline will often
improve airway obstruction, but Westlake and Camp-
bellM did not obtain a reduction in Pco2 in their patients.
It mav counteract the respiratory depression caused by

oxygen administration, and also increases the effect of
carbonic anhydrase inhibitors.'2 Salicylates increase
ventilation when given in large doses,3 but because of
their prolonged action and their tendency to increase
the metabolic rate13 they are less useful than other drugs.
Progesterone has a very delayed effect on ventilation,'4
but it also increases oxygen consumption, and its
katabolic effect is a further drawback.

It is clear that none of the drugs available is ideal;
they all cause more or less serious side-effects and their
use requires considerable judgment and objective
control; the patient's own assessment cannot always be
relied upon. The mixed venous Pco. may be quickly
measured by the rebreathing method" ; this enables
alveolar ventilation to be assessed simply and frequently,
and is an excellent method of control. Should an
adequate trial not result in an increase in alveolar
ventilation with lowering of the Pco2, or fail to prevent
the rise in Pco2 following oxygen administration, the
drug should be discontinued and other measures used.
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"The U.F.A.W. Unit for Humane Technique, which is
within the Department of Medical Biochemistry and'Phar-
macology of the University of Birmingham, continues to
be staffed by Mr. J. H. Mackintosh, M.Sc., working under
the direction of Dr. M. R. A. Chance. . . . Mr. Mackintosh
is a student of animal behaviour (ethology). Although
ethological studies have been made on birds for many years,
few have been done on laboratory rodents. Mr. Mackintosh
is carrying out a detailed analysis of the behaviour of
laboratory rodents under specified conditions; he has in
fact identified and labelled 56 repeatable components of
behaviour. The object of the research is to work towards
optimum housing and conditions for laboratory animals,
reduction in the number of animals needed, and humane
techniques. Since rodents are the animals most commonly
used in laboratories they are the most important animals
to study in the first instance. . One of the reasons
for undertaking this close study of the behaviour of labora-
tory rodents is that many test substances are estimated by
the changes which they produce in the behaviour of these
animals. Persons unaccustomed to observing animals closely
need to be presented with gross signs of abnormality (e.g.,
convulsions, or death) before they can see that a behavioural
change has occurred. On the other hand an observer who
studies the normal behaviour of animals scientifically can
notice a much slighter change in behaviour. A trained
observer therefore does not need to produce nearly such
drastic reactions in an animal as an untrained observer.
This could have very important humanitarian results."
(Universities Federation for Animal Welfare, Annual Report.
196 1 -2.)
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