
4*0-

305-
30-

> 250
CD

0

u- 1*5

1.0

0-5-

0 5 10 1'5 20

Steady state plasma theophylline (,ug/mi)
Absolute ventilatory response to increasing steady state theophylline
concentrations in 56 patients with chronic bronchitis.16 Heavily shaded
area represents I SD around mean baseline value of1 58 litres. L ighter
shaded area extends to 2 SD. Clear line shows mean response with
slope of 0-04 1 [tg ml. Reproduced with permission of Blackwell
Scientific

of the lungs that cannot equilibrate with helium in the
ordinary measurement of total lung capacity become
accessible with the opening up of small airways.

Conclusions
All the evidence quoted above has passed a test of

truth. This does not mean it is true, for we cannot rule
out chance or honest error, but it does support my
clinical conviction in prescribing theophylline. For the
first 20 years of my career in respiratory medicine I

considered theophylline to be a nuisance with no
obvious effect except to make people feel sick. Ten
years ago it became possible to use recent developments
in clinical pharmacology to work out why some
patients swore by the drug and to apply these advances
to the benefit of some of the most severely handicapped
and disadvantaged people in the population.
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2 Difficult drugs to use, few clinical indications
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Theophyllines have been used for treating airflow
obstruction for over 100 years.' In the United Kingdom
alone 29 theophylline containing preparations are
available, 16 ofthem being slow release. So why is their
use still controversial?

Difficulties in using theophyllines
Theophyllines are undoubtedly difficult drugs to use

properly. Firstly, effective bronchodilation without
excessive side effects is achieved only within a narrow
range ofplasma concentrations. This therapeutic range
is 10-20 mg/l, though some bronchodilatation occurs
from 5 mg/l upwards.' 2 Patients in general practice,
however, tend to be given low doses, often with little or
no therapeutic effect. '

Secondly, theophyllines often cause adverse effects.
Minor or moderate effects such as nausea, headache,
and jitteriness occur even at concentrations <10 mg/l
and are common in the therapeutic range. Such effects
may be reduced by introducing the drug slowly,2 ' but
they are severe enough to preclude maintenance

treatment in a quarter of patients.4 Toxicity, however,
may be serious at concentrations >20 mg/I, when fits,
arrhythmias, and death may occur.5 These reactions
are difficult to predict as they are not necessarily
preceded by minor warning side effects and are not
closely related to plasma concentrations.'

Thirdly, the dose of theophylline necessary to obtain
therapeutic concentrations varies tremendously
among patients-for example, from 450 to 2250 mg/
day-because of wide individual variations in phar-
macokinetics.24 The clearance of theophylline is
increased (concentrations will be lower) in children
and smokers and decreased (concentrations will be
higher) in older and obese patients and in heart failure,
liver disease, and viral infections.2 Many commonly
prescribed drugs interact either to reduce plasma con-
centrations -for example, phenytoin, phenobarbitone
-or, more seriously, to increase plasma concentra-
tions, with potential toxicity- for example, cimetidine,
erythromycin, oral contraceptives, ciprofloxacin, and
allopurinol.2' Therefore, to avoid toxicity and ensure
drug effectiveness management must be guided by
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plasma concentrations, especially at the start of treat-
ment. With the right dose having been found and
provided that the patient is clinically stable, concentra-
tions may then need monitoring only annually, or six
monthly in childhood. Rapid analytical methods may
become more widely available. Nevertheless, in
general practice management by measuring plasma
concentrations may be laborious and impracticable,
and even in hospital only I0% of theophylline prescrip-
tions were accompanied by a request for an estimation
of plasma concentration.'
These problems with theophyllines would be worth

overcoming if the drug was clearly the first choice in
airways obstruction. Unfortunately the evidence
suggests otherwise.

Asthma
Chronic stable asthma in adults

Theophyllines produce a dose related broncho-
dilatation comparable with that achieved with 13
agonists.' Despite differing pharmacological actions,
however, the combination of theophyllines and 13
agonists does not act synergistically, and indeed the
effect is usually less than additive.6 Furthermore,
maximum bronchodilatation can be achieved by
inhaled 13 agonists irrespective of the theophylline
concentration.' Set the comparable bronchodilator
effects, but potential hazards, of theophyllines against
the great advantages of inhaled 13 agonists in speed of
action, convenience, and lack of side effects and the
preferred bronchodilator should clearly be an inhaled 13
agonist, except in patients who prefer or who can only
have oral treatment.

In persistent asthma the current trend is to use drugs
that target the underlying airway inflammation.
Regular inhaled steroids, sodium cromoglycate, and
nedocromil are anti-inflammatory, have minimal toxi-
city, and are the preferred drugs for prophylactic
treatment.

Theophyllines have been helpful in poorly con-
trolled, more severe asthma4 but are often disappoint-
ing when optimal doses of inhaled steroids and bron-
chodilators are being used.

Nocturnal asthma
Nocturnal wheeze and breathlessness, common in

poorly controlled asthma, are often controlled by
appropriate daytime doses of inhaled steroids. When
nocturnal asthma remains troublesome, however, sus-
tained release theophyllines can undoubtedly relieve
symptoms and lessen the morning dip in lung func-
tion.9 16 Theophyllines are probably more effective
than long acting 13 agonists provided that therapeutic
concentrations are attained, which requires doses of
about 10 mg/kg.9"11

Acute severe asthma
Intravenous aminophylline in acute asthma provides

no better bronchodilation than 13 agonists and little
additional benefit when in combination with fl
agonists," "2 but it does produce more adverse
effects. " Intravenous aminophylline should not be
given to patients already taking theophyllines unless
the concentration is measured as there is a serious risk
of toxicity, bearing in mind that patients may increase
their dose of oral theophyllines when their condition
deteriorates. If absolutely necessary the usual bolus
dose should be halved -that is, to only 3 mg/kg.

First line treatment should be nebulised f1 agonists
(with ipratropium bromide if required) and steroids,
with intravenous aminophylline being reserved for
patients who deteriorate despite this treatment or who
are desperately ill at presentation.

Childhood asthma
The advantages of inhaled treatment and the prob-

lems of theophyllines apply also to children. Slow
release theophyllines, often better tolerated in child-
hood, can, however, provide good prophylaxis between
the ages of 2 and 5 years when inhaled treatment is
difficult.'4 At other ages theophyllines are as effective
in prophvlaxis as sodium cromoglycate' but do not
allow reduction of inhaled steroids.'" Theophyllines
also provide less protection than 1r agonists against
asthma induced by exercise.' Furthermore, the use of
theophylline is associated with poor concentration and
irritabilty in children, with concern about longer term
depression and anxiety.

Chronic airflow obstruction
The use of theophyllines for chronic airflow obstruc-

tion is even more controversial than that for asthma,'
partly because of the greater likelihood of toxicity in

older patients with additional medical problems'9 but
also because the clinical effects are disappointing.

Stable disease
In six placebo controlled randomised trials of oral

theophylline in patients with chronic airflow obstruc-
tion with less than 20% reversibility, a marginal
improvement in forced expiratory volume in one

second was seen in only two.20 The possible beneficial
effects of theophylline on respiratory muscles have
been debated but in none of these clinical studies was

exercise performance significantly improved.26 Even
without objective benefit, it would clearly be valuable
if theophyllines improved symptoms. In only two of
the six studies, however, were symptoms convincingly
improved. In a longer term, though not double blind
study, theophylline again improved the results of
spirometry only marginally, but larger improvements
were seen in less commonly measured indices such as

the slow vital capacity. Nevertheless, even at the
highest doses theophylline gave only a 20% increase in
walking distance and modest reductions in dyspnoea.2'
13 Agonists are more effective in such patients with
poorly reversible disease,'922 and combined treatment
is only marginally better than fi agonists alone.'

In patients whose airflow obstruction is more

reversible with 13 agonists theophyllines are, not
surprisingly, more effective, and the combination of
the two agents produces additional benefits.4

Acute exacerbations ofdisease
Intravenous aminophylline should not be routinely

given as it gives no additional benefit over broncho-
dilators and steroids either in lung function or symp-
toms and results in more side effects."
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Difficulties in using theophylline

* Narrow therapeutic index
* Potentially toxic
* Plasma concentrations need to be monitored
* Other drugs offer comparable or better

bronchodilatation

Not first line treatment but sometimes helpful
in:

* Nocturnal asthma
* Poorly controlled severe chronic asthma
* Childhood asthma
* Acute severe asthma not responding to steroids, 13

agonists, and anticholinergics.
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Summary
The narrow therapeutic index, potential toxicity,

and need to monitor plasma concentrations make theo-
phyllines difficult to use. Other drugs provide com-
parable or better bronchodilator and prophylactic
efficacy.

In asthma theophyllines should be considered for
chronic stable asthma when treatment with optimal
doses of inhaled steroids and bronchodilators fails to
provide adequate control; for nocturnal asthma; and
for prophylaxis and relief of symptoms in children and
adults when inhaled treatment cannot be given.

In general, theophyllines cannot be recommended
for chronic airflow obstruction. A trial of theophylline
is reasonable in individual patients whose symptoms
remain troublesome despite a trial of steroids and
optimal doses of inhaled bronchodilators.
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