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Summary
Bronchial asthma is a serious disease which carries
a potential threat to life. Deaths from asthma have
risen alarmingly in Britain in recent years in spite of
the availability of powerful drugs to combat the
attack. Overdosage from pressurized aerosols con-
taining isoprenaline is common and is undoubtedly
a factor in the rise in asthma deaths by causing fatal
cardiac arrhythmias. Corticosteroid drugs in large
doses are needed in all severe exacerbations ofasthma
and failure to respond to this group of drugs,
especially when the arterial carbon dioxide tension
is rising, is an urgent indication for assisted ventila-
tion.

Introduction
Bronchial asthma is a common disease which has

too long been regarded by doctor and patient alike
as more of a nuisance than a potential threat to life;
it has even been described as 'the slight ailment that
promotes longevity'. The important paper of
Speizer, Doll & Heaf (1968a), however, has estab-
lished beyond doubt that asthma is an important
cause of death, especially amongst the young, and
that not only has there been no decrease in asthma
deaths in recent years, the mortality has actually
increased. In 1966 in England and Wales, 2040 died
of asthma compared with 1214 in 1959. Between the
ages of 5 and 34 the death rate increased two and a
half times, but between 10 and 14 it increased eight-
fold! These authors are satisfied that this represents
a true increase and is not an artefact due to different
diagnostic criteria. Scottish trends in asthma
mortality have been reviewed for the same period
recently (Pendreigh, 1968). Although the death rate
in the 35-64 age-group has remained relatively stable
in this period, in the 5-34 age-group the death rate
has increased two- to three-fold, a statistically
significant increase. This increase is mainly in the
15-19 age-group, so that the striking and disturbing
fact energes that in Scotland as in England and

Wales, the increase in death-rate from asthma is
amongst the young. In the English series death was
sudden and unexpected in over 80% of cases and in
40% the practitioner had not regarded the patient
as suffering from severe asthma in his terminal illness.
The Scottish experience bears this out, especially in
the younger age-groups where the increase in deaths
occurred predominantly outside hospital and were,
therefore, presumably sudden and unexpected.

It is apparent, therefore, that asthma is a serious
disease; that any attack may end fatally, and that
evidence of the serious nature of the attack is not
always evident clinically. Nevertheless, even the
worst attack can end with perfect restoration of
structure and function and this is in striking contrast
to the patient severely ill with other forms of
obstructive lung disease, where not more than slight
improvement can be expected. The present in-
creasing mortality from asthma occurring pre-
dominantly in young subjects is a challenge to all
concerned with the care of these patients.
Asthma has been defined as a disease charac-

terized by variable dyspnoea due to widespread
narrowing of the peripheral airways and varying in
severity over short periods of time, spontaneously,
or as a result of treatment (Scadding, 1963). How-
ever, within the terms of this definition the clinical
picture of asthma varies considerably. There are two
main types.

Extrinsic allergic asthma
This occurs in atopic individuals, that is to say,

those who comprise about 15% of the population
and who are easily sensitized to allergens. They
develop type I hypersensitivity and non-precipitating
skin-sensitizing antibodies or reagins develop. These
attach to the cells of the bronchial mucosa and react
with inhaled or ingested antigen, liberating sub-
stances, such as histamine, and slow reacting sub-
stances, which lead to bronchoconstriction. When
allergic asthma starts in childhood it is often
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associated with eczema, hay fever and other allergic
manifestations. However, allergic asthma may some-
times occur for the first time in adult life-presum-
ably in patients with lower atopic states (Pepys,
1967). Patients with allergic asthma have charac-
teristically positive scratch or intradermal skin tests,
and they seem often to respond well to broncho-
dilator drugs.

Intrinsic asthma
This type starts somewhat later than allergic

asthma-often in middle age, when there has been
no previous chest or other allergic illness. No definite
allergens are identifiable by skin tests and infection
is a frequent precipitating factor. The attacks are
often severe and do not respond well to broncho-
dilator drugs. Antigen-antibody reactions are almost
certainly involved in this type of asthma too but their
nature is as yet unknown and it obviously differs
from that involved in extrinsic asthma.
Sputum and/or blood eosinophilia is frequent

in both types of asthma and the changes in
the lungs are strikingly similar in both varieties.
There is hypersecretion of mucus (containing pre-
dominantly neutral mucopolysaccharide) due to
hypertropy of goblet cells and there is conspicuous
thickening of the basement membrane. Tissue
eosinophilia is very frequent but mast cells are few
in number and degranulated. This is in contrast to
bronchitis where the deeper bronchial glands also
share in the mucous hypertrophy and the mucus
consists mainly of acid mucopolysaccharide; where-
as tissue eosinophilia is much less evident the mast
cells are increased and packed with granules (Salvato,
1968). It is clear, therefore, that bronchial asthma
and chronic bronchitis are two distinct diseases
with separate pathologies. Nevertheless, this distinc-
tion is not always an easy one to make clinically
because the two conditions may co-exist-for
example, in asthmatics who smoke heavily.
The asthmatic lung at autopsy shows characteristic

changes: there is generalized overdistention of the
pulmonary parenchyma, viz. acute distensive emphy-
sema, but destructive emphysema is not seen
(Gough, 1952). There are numerous viscid plugs in the
passages and extensive shedding of the ciliated
respiratory epithelium. Often there is, in addition,
right ventricular dilatation but right ventricular
hypertrophy is not usually seen, and when the subject
has been on long-term corticosteroid therapy,
marked atrophy of the adrenals may be present.

Pulmonary function in asthma
Profound changes occur in pulmonary function as

a result of the asthmatic attack, and in addition to
having important therapeutic implications, im-

portant abnormalities in function can be detected
by appropriate tests that cannot be reliably ascer-
tained from clinical examination.
The initial disturbance in the asthmatic attack is

airway obstruction. This leads to the characteristic
wheezing in expiration and high pitched rhonchi on
auscultation. The airway obstruction leads to changes
in the forced expiratory spirogram (FES); the
forced expiratory volume in 1 sec (FEV1) and the
FEV1 expressed as a percentage of the forced
vital capacity (FEV1 Y.) are reduced, but the
forced vital capacity (FVC) is normal or nearly so
early in the attack. Reduction in bronchial calibre
means that airway closure occurs sooner in expira-
tion than normally, leading to air trapping. Because
the elastic forces keeping the bronchi open during
expiration are greater at large lung volumes hyper-
inflation of the lungs occurs to enable tidal breath-
ing to continue. This leads to a greatly increased
functional residual capacity (FRC) and the FRC
may increase to such an extent that it exceeds the
total lung capacity on recovery (Woolcock & Read,
1965). This is accompanied by a decrease in the FVC
and the extent of this reduction from predicted
normal indicates the extent of the increase in the
FRC. Hyperinflation leads to increased elastic work
of breathing: at this stage there is difficulty in both
inspiration and expiration. It is with the develop-
ment of hyperinflation that important changes occur
in the blood-gas tensions (Palmer & Diament, 1968).
There is a marked increase in ventilation/perfusion
imbalance in the lung leading to hypoxaemia
(Palmer & Diament, 1967a), but in spite of this
minute and alveolar ventilation increase leading to
hypocapnia and a mild respiratory alkalosis. Mc-
Fadden & Lyons (1968) found a mean Pao2 of 71'3
mmHg and a mean Paco2 of 32-6 mmHg in such
patients.
As the condition of the patient deteriorates further

many of the narrowed airways become completely
blocked with viscid secretion. The elastic work of
breathing is further increased beyond the capacity of
the patient to sustain it and the tidal volume falls,
causing both the minute and alveolar ventilation to
drop in spite of increased respiratory frequency.
The Paco2 begins to return to normal and as the
situation worsens the Paco2 begins to rise. This is
invariably accompanied by a worsening of the
hypoxaemia. McFadden & Lyons (1968) found
mean Pao2 levels of 63-1 mmHg in such patients so
that they are already beginning to descend the steep
part of the haemoglobin-oxygen dissociation curve
when even a slight further worsening of the hy-
poxaemia leads to much larger falls in oxygen
saturation.
At this stage the patient's condition is precarious

and critical and death often occurs quite suddenly.
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Why patients in status asthmaticus die suddenly is not
always clear. Aside from the dangers of overdosage
with bronchodilator drugs it seems likely that a
combination of factors leads to sudden failure of
respiratory and vasomotor centres. There is, for
instance, severe hypoxaemia which inevitably be-
comes much worse (when breathing air) with the rise
in Paco2 and because hypercapnia develops rapidly
adjustment of the acid-base balance by homeostatic
mechanisms does not occur and an uncompensated
respiratory acidosis develops. The effects of this are
especially important in the cerebrospinal fluid
(CSF) which is poorly buffered and acute rises in
Paco2 lead to falls in CSF pH.

It is apparent, therefore, that during attacks of
status asthmaticus frequent monitoring of arterial
blood-gas tensions and the acid-base balance is
desirable and in the severe cases essential. With the
aid of spirometry in addition, it is possible to
delineate three stages of increasing severity in the
asthma attack which correspond roughly to a clinical
grouping of mild, moderate and severe (Table 1).

TABLE 1. Severity of asthma assessed by spirometry and
arterial blood-gas tensions

Stage FVC FEV1 FEV10/ Pao2 Paco2

I N 4 4 N 4 N
II(a) 4 4 4 4 4

(b) 44 44 44 44 44
III 444 444 444 444 f

N=Normal, 4 =decreased, = increased.

This classification gives useful guidance to therapy.
In Stage I the patient is usually fully responsive to
bronchodilator drugs. In Stage II he is less responsive
or non-responsive and requires corticosteroids, whilst
in Stage III, as hypercapnia develops, artificial venti-
lation is frequently required.

The management of asthma
This will be discussed under status asthmaticus

and chronic or continued asthma

Status asthmaticus
The patient in status asthmaticus presents such a

characteristic picture that diagnosis presents no
difficulty. It is, however, not as easy to assess the
severity of the attack in terms of disturbance of
pulmonary function. A useful clinical classification
based on the severity of the dyspnoea is the ability
of the patient to continue a conversation. Mild =
frequent pauses during conversation; moderate =

monosyllabic speech; and severe = too dyspnoeic
to speak. Judged on these criteria, severe hypoxaemia
(Pao2 <50 mmHg) is invariably present in the
'severe' attack and this is accompanied by tachy-

cardia greater than 130 beats/min (Rees, Millar &
Donald, 1968) However, exact knowledge of the
Pao2, Paco2, pH and acid-base balance is essential if
the right decisions in management are to be taken.
Spirometry if the patient is able to co-operate should
be done in addition, and from the forced expiratory
spirogram the FVC, FEV1 and FEV1% calculated.
Arterial blood-samples will be required initially and
again later to assess the effect of bronchodilator and
02 therapy. One-half to 1 ml of 1: 1000 adrenalin
is given, subcutaneously, slowly or 500 mg of amino-
phyUlin, intravenously, and oxygen is given in an
inspired concentration of 28-35% through a
Venturi or Edinburgh mask. Because the severely ill
asthmatic is invariably dehydrated intravenous fluids
(5% dextrose) will also be given. If after, say, 30 min
there has been no improvement clinically or in the
arterial blood-gas tensions, 100-200 mg of hydro-
cortisone is given intravenously and prednisone in
large dosage, 60-100 mg day, is started by mouth.
The grave prognostic implication of hypercapnia

in the asthmatic is now finding general recognition
(Marchand & van Hasselt, 1967; Palmer & Diament,
1967a; Meisner & Hugh-Jones, 1968). Rees et al.
(1968) recommend that assisted ventilation with
tracheal intubation with or without tracheostomy
must be instituted if the Paco2 is more than 60mmHg
on admission, or if it is between 50 and 60 mmHg on
admission and does not fall below 50 mmHg after
the first 8 hr of intensive therapy as outlined above.
Assisted ventilation is also sometimes required in
patients who are severely exhausted by the attack
even though they do not have hypercapnia. Some
advocate preceding assisted ventilation by bronchial
lavage with 1% sodium bicarbonate solution to
remove retained mucous plugs, thereby decreasing
air trapping and enabling lower peak-inflation pres-
sures to be used (Williams & Crooke, 1968). Anti-
biotics, e.g. penicilin or ampicillin, are a wise pre-
caution in all cases ofstatus asthmaticus even though
sputum is mucoid and this is especially important in
patients on long-term steroid therapy who develop
a relapse where evidence of infection may be sup-
pressed. Sedation must be used with extreme caution
in asthma and injudicious giving of even mild
sedatives outside hospital is a common reason for the
patient requiring assisted ventilation.

Chronic or continued asthma
Bronchodilators. It was not until comparatively

recently that the use of portable pressurized aerosols
containing bronchodilators, most commonly isopren-
aline, became widespread. An estimated number of
40,000 inhalers were prescribed in Scotland in 1962
but 130,000 in 1966 (Pendreigh, 1968). Although the
case against them has not been proved absolutely,
over-dosage with bronchodilators when administered
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by this method, is high on the list of suspects for the
recent increased mortality from asthma; certainly a
close correlation has been shown between the use of
these aerosols and the increase in asthma mortality.
(Speizer et al., 1968b).

This is not to deny their benefits when they are
properly used, and they are most useful in mild
asthma when there is readily reversible airway
obstruction. Reduction in airway resistance follows
rapidly and this can be demonstrated best by
measuring the FEV1 before and after the drug.
Unless improvement follows two inhalations it is
useless and dangerous to persist, not only because
there is the danger of inducing ventricular arrhyth-
mias and asystole from gross overdosage, but
because airway obstruction may increase rather than
decrease (Keighley, 1966). This paradoxical situation
is possibly due to the conversion of some isoprena-
line to 3-methoxyisoprenaline which is a weak P-
adrenergic receptor blocker (Paterson et al., 1968).

It must be remembered also that after aerosol-
isoprenaline lowered arterial °2 tensions may not
improve even although airway obstruction is
diminished, and, indeed, in many instances the
degree of hypoxaemia may become worse afterwards
(Palmer & Diament, 1967b; Knudson & Constan-
tine, 1967; Field, 1967). This is thought to arise from
an intensification of ventilation/perfusion imbalance
in the lung secondary to an increase in cardiac out-
put and reversal of hypoxaemic pulmonary vaso-
constriction which occur with the drug. Falls of up
to 10 mm in Pao2 may occur with isoprenaline and
similar falls in Pao2 may occur after adrenaline and
aminophylline for the same reasons (Rees, Millar&
Donald, 1967a; Rees et al., 1967b). A drug which
had a selective n-stimulant action on bronchial, but
not on cardiac muscle, and therefore did not increase
cardiac output, would have advantages over those
currently in use. Such a substance-salbutamol-
has been investigated recently and has been found
to be an effective and long-lasting bronchodilator
which did not lead to significant falls in Pao2
(Palmer & Diament, 1969). In the experimental
animal the stimulant effect of salbutamol on the
cardiovascular system was 2000 times less than iso-
prenaline and its vasodilator action was only about
one-tenth that of isoprenaline (Brittain et al., 1968).
In the human subject also when its cardiovascular
effects were compared with equivalent doses of
isoprenaline, it was found not to increase cardiac
output or pulse rate whereas isoprenaline did so
constantly (Kelman, Palmer & Cross, 1969), and
because it has little or no effect on the cardiovascular
system this drug appears to have distinct advantages
over isoprenaline.
When a patient is given a portable pressurized

aerosol it is imperative that the doctor explains to

the patient how to use it correctly and that he makes
sure that the patient understands the dangers of
overdosage. The dose delivered from each 'puff'
varies widely between different makers; some give a
ten-fold greater dose than others and the doctor
must be aware of this danger. Nevertheless, when
properly used these pressurized aerosols are a useful
method of treating asthmatic airway obstruction,
and in addition to relieving established airway
obstruction, they can also be used to inhibit its
development as, for example, when a puff is taken
before exercise. Asthmatics with reversible airway
obstruction may be given bronchodilators of the
theophylline type by mouth, e.g. choline theophyl-
linate or proxyphylline and if wheezing at night is
prominent, suppositories containing these drugs are
often useful.

Long-term corticosteroids in asthma
Those who have a persistent severe degree of

airway obstruction which cannot be influenced by
other methods, or who relapse rapidly when cortico-
steroid therapy is withdrawn after a hospital admis-
sion for status asthmaticus should be considered for
long-term corticosteroid therapy. It is, however,
important to obtain objective spirometric evidence
of benefit from this treatment. FEV1 is recorded
daily for 1 week when an inert control tablet is given
and again during a 7-day course with an appropriate
steroid preparation. Steroids are only given if there
is a worthwhile improvement in FEV1 with the drug
(Walsh & Grant, 1966). The usual dose is between
5 and 15 mg of prednisone daily. This dose may be
given on alternate days only or for 5 days out of 7,
to reduce the incidence of side-effects. There is no
evidence that long-term steroid therapy becomes less
effective with the passage of time. But careful long-
term follow-up is essential and if the airway obstruc-
tion becomes more severe, treatment with steroids
in full dosage must be instituted as for an acute
attack. Severe attacks are particularly apt to follow
attempts at weaning from long-term treatment and
here too steroids must at once be resumed (Maunsell,
Bruce Pearson & Livingstone, 1968b). Whilst long-
term steroid therapy often enables the severely
disabled child asthmatic to lead a near-normal life a
careful check on the rate of growth must be main-
tained and if there is growth retardation, cortico-
trophin should be used instead.

Disodium cromoglycate (Intal)
Disodium cromoglycate represents a new phase in

treatment. It can only be administered by inhalation
but it is not a bronchodilator nor does it antagonize
histamine and it is not anti-inflammatory. It appears
to inhibit the release of histamine and other broncho-
constricting agents and is therefore acting at the
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earliest stage after the allergen-antibody reaction.
Pre-inhalation of the drug has been shown to protect
completely against bronchial challenge of pollens in
susceptible subjects so that it can block type 1 hyper-
sensitivity reaction (Pepys et al., 1968).
A number of blind and open trials have now

pointed to its efficacy in asthma (Howell & Altoun-
yan, 1967; Moran, Bankier & Boyd, 1968). It is most
effective as might be expected in extrinsic allergic
asthma and for this reason is more effective in youn-
ger than older patients, and it has been found of
value in childhood asthma (Smith & Devey, 1968).
When this drug is used long-term steroid can often be
reduced and sometimes discontinued but steroids
must be started again immediately if an attack
develops.

Because the powder is sometimes irritant on
inhalation in the early trials the drug was combined
with isoprenaline and there was some criticism that
the beneficial effect might have been due to isopren-
aline. However, in the most recently reported double-
blind cross-over trial isoprenaline was omitted, but
still 38% of the patients showed subjective and
objective evidence of improvement while on cromo-
glycate (Kidner et al., 1968).

Further experience is necessary to establish the
role of this new drug in the treatment of asthma.
It has no place in the acute attack but may be useful
in chronic asthma.

Skin tests and hyposensitization therapy
As we have seen, demonstrable allergic factors can

most often be incriminated in extrinsic asthma. The
history is ofgreat importance-seasonal incidence will
often point to the allergens involved; for example,
attacks occurring only or predominantly in the
summer are most often due to grass pollens and when
the attacks occur mainly in autumn allergy to moulds
should be suspected. House-dust has always been
known to be an important factor in allergic asthma,
but it is only recently that certain mites have been
shown to be probably responsible for the allergeni-
city of house dust. Maunsell, Wraith & Cunnington
(1968a) reported recently that of 100 house-dust-
sensitive patients with bronchial asthma, ninety-four
gave skin reactions to an acarine mite, Dermato-
phagoides pteronyssinus, which grows on human
dander and to a lesser extent to extracts of other
species. In view of this new knowledge it is dis-
appointing that a controlled trial of the hypo-
sensitization to house-dust allergy showed no
advantage over the controls who received only saline
solution (British Tuberculosis Association, 1968a)
but the importance of mites was not appreciated
when this trial was planned and it is likely that the
material used was deficient in extracts of the

appropriate mites. When house-dust extracts con-
taining extracts of mites to which the subjects were
hypersensitive were used, successful hyposensitiza-
tion was possible and some patients who had been
dependent on steroids for many years no longer
needed them (Brown & Filer, 1968).
When causative allergens have been identified

from a careful history and skin testing they should
be avoided where this is possible. When this is not
possible as, for example, in pollen and house dust
allergy, hyposensitization should be undertaken.
Substantial improvement can be expected in well over
70% of cases of pollen allergy (Citron, 1966). Drug
allergy is a cause of asthma and hypersensitivity to
penicillin, barbiturates and aspirin may be a factor in
producing attacks.

Psychotherapy and hypnotherapy
There are those who maintain that asthma is

solely a psychosomatic disease and that it can be
cured or at least controlled best by psychotherapy.
Whilst it is true that psychological factors play a
part in the pathogenesis of asthma, their role is often
exaggerated. Hypnotherapy and autohypnosis have
strong advocates in the management of asthma and
in a recent controlled trial a group of asthmatics
having hypnosis appeared to fare better than the
controls who were given breathing exercises only.
However, the criteria of improvement were purely
subjective and there was no evidence of objective
improvement between the groups as shown by
changes in FEV1 and FVC (British Tuberculosis
Association, 1968b). From the correspondence that
followed this paper it is clear that many think that
hypnosis does little more than remove the sensation
of breathlessness without affecting the underlying
disturbance of pulmonary function and that it can,
therefore, be regarded as a serious danger to the
seriously ill asthmatic as subjective evidence of
worsening of the attack may be camouflaged.

Breathing exercises and physiotherapy have not
been shown by the method of the controlled trial to
benefit the asthmatic significantly, but these methods
can help in removing retained secretion (postural
drainage and assisted coughing) and breathing exer-
cises may help in preventing the development of
hyperinflation-especially in children.

Conclusions
What then are the most important measures the

physician can take to reverse the increasing incidence
of asthma deaths? Four lines of approach seem the
most promising.

(1) Care in the use of bronchodilators especially
from portable pressurized aerosols and realization
that overdosage is common and this may lead to
fatal cardiac complications.
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(2) The early use of corticosteroid drugs in ade-
quate dosage in patients unresponsive to broncho-
dilator therapy.

(3) Appreciation that the clinical assessment of
the severity of the asthmatic attack is often difficult,
so early admission to hospital is needed where inten-
sive therapy and careful physiological monitoring is
carried out.

(4) Appreciation that a raised or rising Paco2
points to a severe emergency which is often an
indication for assisted ventilation.
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