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Summary This year is the 50th anniversary of the introduction into clinical use of
the first modern inhaler for the management of asthma — the pressurised metered-
dose inhaler (pMDI). The pMDI was initially used for the administration of the
non-selective beta-agonists adrenaline and isoprenaline. However, the epidemic of
asthma deaths which occurred in the 1960s led to these drugs being superseded
by the selective short-acting beta-agonist salbutamol, and the first inhaled
corticosteroid (ICS) beclomethasone. At the same time, sodium cromoglycate was
introduced, to be administered via the first dry-powder inhaler — the Spinhaler — but
owing to its relatively weak anti-inflammatory action its use is now very limited. Over
the last 10 years, the long-acting beta-agonists (LABAs) have become an important
add-on therapy for the management of asthma, and they are now often used with
ICS in a single ICS/LABA combination inhaler.
© 2006 General Practice Airways Group. Published by Elsevier Ltd. All rights
reserved.
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Introduction

Inhaled therapy is so fundamental to our modern
management of asthma that it is difficult to
conceive of a time when asthma was managed
without it. Yet the development of inhaled therapy
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for asthma epitomises the rapid pace of change
in medical technology which occurred during the
second half of the last century. Inhaled therapy,
particularly inhaled corticosteroids (ICS), is the
cornerstone of asthma treatment [1—3]. This
short review outlines the development of inhaled
asthma therapy during the fifty years after the
introduction of the first pressurised metered-dose
inhaler (pMDI) in 1956.

Early developments

Historically, the evolution of inhalation therapy
can be traced to India as far back as 4000 years
ago. However, the antecedents of contemporary
inhalation therapy began in the nineteenth century
with the invention of the hand-held glass bulb
nebuliser. The first report of bronchodilator therapy
being of benefit in asthma was by James Burnett,
an Edinburgh physician, in 1903 [4]. However,
inhalation therapy was revolutionised by the
invention of the pMDI in the 1950s and its
early introduction into clinical practice in 1956.
The idea for the pMDI originated with George
Maison, a medical consultant at Riker Laboratories
(3M Pharmaceuticals) after seeing his daughter’s
difficulties using a hand bulb nebuliser. It is said
that the time taken from concept to clinical use was
less than two years; interestingly, today’s research
and development period would probably be in the
region of two decades.

The pMDI and �-agonist therapy

The pMDI soon became commercially successful
because, for the first time, it provided a convenient
method of delivering effective bronchodilator
therapy. The rapid response to inhaled aerosols
of the non-selective beta-agonists adrenaline and
isoprenaline was much appreciated by asthmatic
patients who could obtain the inhalers on
prescription but who could also, for a period
of time, buy the inhalers themselves ‘over the
counter’ without a prescription. The most popular
pMDI contained isoprenaline, and the prescription
and sales of these inhalers rose by 600% between
1959 and 1965.

However, the satisfaction and faith in the
efficacy of the isoprenaline pMDI, in part at
least, contributed to the disastrous increase in
asthma deaths in England and Wales coincident
with the increase in sales of the isoprenaline
pMDI during the 1960s [5,6]. There was much
debate about the possible causes of the nearly

400% increase in deaths from asthma in the 5—34
year age group, which, in view of the patients’
ages, were unlikely to be caused by anything
other than the disease itself or its treatment.
This therefore constituted an ‘epidemic’ of asthma
deaths of unknown cause. Isoprenaline toxicity
was considered by most observers to be the most
likely cause, although adverse reactions to the
pressurised aerosol propellants were considered
(and then excluded). An alternative to drug toxicity
was postulated based on many asthmatic patients’
reliance on the pMDI because of its reliever effect
on symptoms of wheeze and breathlessness; it was
thought that this could result in patients using
the inhaler repeatedly in the anticipation that
it would give relief eventually, thus leading to
fatal delay in seeking medical advice at an early
stage of a severe asthma attack. Of course this
would also have resulted in excessive amounts of
isoprenaline being inhaled, thus also making drug
toxicity more likely. It had been demonstrated years
previously that there is a decreasing response to
inhaled bronchodilator therapy as asthma increases
in severity, and the consequences of too much
reliance on the efficacy of a bronchodilator inhaler
as sole treatment of severe acute asthma should,
therefore, have been predicted [7].

In 1966 the UK Committee on the Safety of
Medicines (CSM) issued a warning to all clinicians
in the UK that excessive use of isoprenaline pMDIs
could be dangerous. Following this, the sales of
pMDIs decreased dramatically and the death rate
from asthma returned to pre-epidemic levels [6].
This was taken as strong evidence that the toxic
effects of isoprenaline were indeed the cause of
the epidemic, but this was never proved. Although
the fall in asthma death rate and the decrease
in use of isoprenaline inhalers following the 1966
CSM warning appeared to confirm and support the
view of many clinicians that isoprenaline pMDIs
were indeed dangerous, there could have been
other contributory explanations for the rapid fall
in asthma mortality. Following the CSM alert there
was a 100% increase in the number of patients
with asthma admitted to hospital during the year
after the warning [8] and there was also a
significant increase in the national prescription of
corticosteroids [9]. Early use of systemic steroids
and admission to hospital are, of course, the
two most important events in the successful
management of the patient with life-threatening
asthma. It is possible, therefore, that the CSM
warning, because it reminded all clinicians that
severe asthma is a potentially fatal condition,
stimulated better management of their patients
with regard to early hospital admission, and that
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this and the increased use of systemic steroids after
the warning was at least a partial explanation of the
fall in death rate rather than just the decrease in
use of isoprenaline inhalers [10].

The major positive lasting effect of the debate
about the 1960s UK asthma epidemic was the
widespread clinical recognition that diminishing
response to an inhaled bronchodilator drug must
be interpreted, by patients and clinicians alike, as
heralding the onset of a severe asthma attack, and
that more appropriate action must be taken other
than simply using a bronchodilator inhaler more
frequently. The major negative effect, however,
was that both clinicians and patients considered
pMDIs to be dangerous, and the fear of these
devices was made somewhat worse when inhaled
steroid therapy became available. It took more than
a decade to overcome the fear associated with
‘‘steroids’’ and the pMDI.

The salbutamol pMDI was first marketed at
a time when isoprenaline was thought to have
been responsible for the British asthma deaths
‘epidemic’ and because of its more selective
action on bronchial smooth muscle and reduced
cardiac effects it soon replaced isoprenaline in
the market; today, it remains the most frequently
prescribed short-acting beta-agonist (SABA). Fears
about SABA safety, however, were acutely rekindled

by a publication which suggested a link between
fenoterol, a ‘selective’ SABA but with slightly less
�2 selectivity than salbutamol, and a rise in asthma
mortality in New Zealand [11]. This publication had
been preceded by reports which suggested that
SABA therapy could cause an increase in airway
responsiveness in asthmatic patients [12,13]. These
reports caused concern because of the obvious
parallels with the debate about the 1960s UK
asthma epidemic and even more concern was
generated by the publication of the Sears paper in
1990 [14]. The debate about whether fenoterol or
beta-agonists as a class were potentially dangerous
in severe asthma continued [15—17], and the
opinion of the respiratory community was split.
In the end, regular treatment with beta-agonists
was, in the main, replaced by ‘as required’ or ‘as
necessary’ use. The debate continued for many
years and regular treatment with salbutamol was
only given a reasonably clean bill of health in 2000
[18]. However, the debate appears to have been
rekindled recently, but today’s focus of attention is
on the long-acting beta-agonists (LABAs).

Inhaled corticosteroid therapy

Glucocorticosteroid (steroid) therapy is the most
effective treatment presently available for asthma
[1—3]. Cortisone, initially called Compound E,
was extracted from the adrenal cortex by
Edward Kendal at the Mayo Clinic in 1936. In
1950 the successful use of cortisone in asthma
was first reported [19] and controlled clinical
trial confirmation of its efficacy came in 1956
[20]. Within a few years of the first reports
of the efficacy of systemic steroid therapy in
asthma, prednisolone and hydrocortisone were
synthesised and introduced into clinical practice.
It soon became apparent, however, that long-
term systemic steroid therapy, unless in very low
dose, was associated with serious adverse effects
including hypertension, osteoporosis, diabetes,
obesity, facial mooning, acne, skin thinning and
bruising. Research into safer administration of
steroids led to the development and introduction
into clinical practice of inhaled beclomethasone
dipropionate (BDP) in the early 1970s. Initial reports
of uncontrolled studies were enthusiastic [21—23]
and placebo controlled studies soon confirmed the
great value of this form of therapy [24—26].

There can be no doubt that the introduction
of inhaled steroid therapy revolutionised the
management of patients with chronic asthma,
although in the early years, therapy was principally
initiated by the hospital physician because of the
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great fear of steroid side effects created in the
minds of general practitioners (GPs) by the use of
systemic steroids for asthma and other diseases.

The first clinical trials of BDP and other inhaled
steroids used a dosage regime of four times daily.
For BDP the dose was 100 �g four times daily
using an inhaler that delivered 50 �g per inhaler
actuation (2 puffs four times daily). The four-
times-daily administration frequency for inhaled
steroid treatment became accepted as standard,
even though this schedule was simply chosen
empirically for the initial clinical trials. It soon
became apparent to those clinicians supervising
the management of large numbers of asthmatic
patients that compliance with a four times daily
dosing schedule was found to be difficult by a large
number of patients. Three times daily BDP (150 �g
three times daily) or twice daily treatment (200 �g
twice daily) regimens were adopted and it soon
became apparent that patients much preferred
twice-daily treatment. This regimen was shown
to be as effective as four-times-daily therapy
using budesonide [27] and thereafter twice-daily
treatment was increasingly used and later became
the standard regimen for other inhaled steroids.

Although the introduction of BDP in the 1970s
was a major advance in the treatment of asthma it
quickly became apparent that a dose of 400 �g a day
was not sufficient to control symptoms of patients
with severe chronic asthma. In a study in 1975
designed by the British Thoracic and Tuberculosis
Association a mean dose of about 400 �g BDP
was shown to be equivalent to 7 to 8 mg of
prednisolone in terms of asthma symptom control
[28]. Therefore, those patients requiring 10 mg or
more prednisolone daily could not replace their
systemic treatment with 400 �g BDP daily. This led
to larger doses of BDP being used, since it was
assumed that adverse effects from steroids by the
inhaled route would be less than those of oral
prednisolone; this view was encouraged when it was
reported that oral prednisolone could be withdrawn
in many steroid-dependent patients already being
treated with low dose BDP and prednisolone, if
higher doses of BDP were used via a 250 �g per
actuation inhaler [29]. However, another study
published in 1983, performed by the same group at
the Royal Brompton Hospital, investigated patients
taking long term high dose inhaled BDP and found
evidence of adrenal suppression in those taking
more than 1.5 mg of BDP daily [30]. Treatment with
high dose inhaled steroids became commonplace
in the late 1980s and 1990s even though efficacy
of high dose therapy was disappointing and it was
shown that increasing the dose of BDP above 400 �g
had little or no extra clinical benefit [31,32]. There

is, of course, abundant evidence now available
that no clinical benefit is achieved, in the vast
majority of cases, by increasing the dose of BDP
or budesonide above 4—800 mcg daily or fluticasone
above 2—400 mcg per day.

Long-acting beta-agonists

Salmeterol, the first long-acting beta-agonist
(LABA), was introduced into clinical practice in
the late 1980s and great interest was generated
by the first description of its clinical effects [33].
When it was first launched into clinical practice
it was claimed to have clinically significant
anti-inflammatory effects [34] as well as having
a long bronchodilator action of up to twelve
hours. Whether salmeterol had anti-inflammatory
properties of clinical significance stimulated
vigorous debate and this resulted in withdrawal
of this claim from promotional literature in
most countries. Also, the initial reaction of
many clinicians to the concept of long-acting
bronchodilatation was one of concern about
safety. It was felt that if short-acting beta-agonists
had been incriminated in the cause of death
in some asthmatic patients and in increasing
bronchial reactivity in others, then long-acting
drugs of the same class could carry the added
risk of longer-acting adverse effects. There was
also concern that with salmeterol use there was
the potential for an increase in the severity of
breakthrough episodes of asthma. The fear was
that the prolonged bronchodilator activity of
salmeterol could potentially conceal an underlying
worsening of the inflammatory condition, and that,
if triggered by an allergen or other insult, a more
severe episode of asthma could be the result. It
was assumed that the allergen load or any other
form of bronchial insult would have to be of greater
magnitude to overcome the bronchodilatation of
a long-acting beta-agonist (LABA) compared with
a SABA and therefore the resulting breakthrough
of asthma symptoms could be more severe. The
author’s concerns were expressed in a letter to the
British Medical Journal in 1993 [35].

In 1994 concerns about salmeterol were
somewhat assuaged when it was reported that
adding salmeterol to the therapy of patients
with poorly controlled asthma was better than
increasing the dose of inhaled steroid [36]. The
results of this study clearly showed that there was
an unexpected benefit to be gained from adding
salmeterol to treatment with steroids in terms
of symptoms and PEF values. This study did not
address the question of whether breakthrough
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exacerbations may be more frequent or more
severe with regular salmeterol therapy. A study of
similar design using different doses of salmeterol
in patients with more severe disease was slightly
reassuring, since patients with more severe asthma
had been studied and exacerbation rates were
similar. However, the study had also not been
designed to assess severity of the exacerbations
[37]. Following publication of a study specifically
designed to assess the number and severity of
exacerbation rates during treatment with the LABA
formoterol and the inhaled steroid budesonide
(BUD) [38], there was much greater reassurance,
since the authors of this study concluded that the
addition of formoterol to BUD therapy improves
symptoms and lung function (confirming the earlier
studies) without lessening control of asthma.

Finally, the sceptics (including the author) were
persuaded that the combination of an LABA and
an inhaled steroid is an effective and safe therapy
when it was shown that the improvement in
symptoms and exacerbations of asthma occurs
without masking an undesirable effect on bronchial
inflammation [39]. Combined therapy with an
LABA and a steroid has become standard therapy
for patients whose asthma symptoms are not
adequately controlled by low-dose inhaled steroid
alone, and this treatment has to be accepted as
a major advance in asthma therapy. There remain
justifiable concerns regarding the inappropriate
use of LABA therapy as monotherapy for asthma
patients. However, a recent review has confirmed
that, if used properly as add-on therapy with
inhaled steroids, LABAs are safe and effective [40].

Sodium cromoglycate therapy

Sodium cromoglycate (SCG) was introduced into
clinical practice following the publication of a small
clinical trial in 1967 [41]. Its mode of clinical action
was thought to be due to mast cell stabilisation,
but this was never established or fully understood.
It was initially inhaled as a powder from a capsule
via the Spinhaler (the first dry powder inhaler to
be developed for asthma) because the amount of
drug considered necessary to produce any clinical
effect was too large to be delivered by the pMDI
valve mechanisms available at that time. The
initial promise of this very safe form of treatment
was never fulfilled, but it was widely prescribed,
perhaps mainly because of its safety profile. When
the results of good mid- to long-term clinical trials
in adults became available — such as the Medical
Research Council trial in 1972 [42] showing that
the efficacy of SCG was only equal to or less than

that of low dose inhaled steroid therapy — the
use of SCG gradually became almost completely
confined to the treatment of children, especially
those with exercise-induced asthma. Eventually,
paediatricians almost abandoned its use, and the
role of SCG in the treatment of asthma can now be
summarised as ‘‘very limited’’ [43].

Conclusion

This brief review has highlighted the development
of different sorts of inhaled therapy for asthma
over the last 50 years, following the introduction
of the pMDI in 1956. The early non-selective
beta-agonists adrenaline and isoprenaline were
quickly superseded by the selective short-acting
beta-agonist (SABA) salbutamol and inhaled
corticosteroids (ICS) in the early 1970s; treatment
with ICS and as-needed SABAs is still the
cornerstone of asthma management today. Sodium
cromoglycate became available as a dry-powder
inhaler in the late 1960s, but its fairly weak anti-
inflammatory action means that its use is now very
limited. The advent of long-acting beta-agonists
(LABAs) followed in the 1990s; these drugs can
now safely be used in combination with ICS for the
management of asthma.
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