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Abstract
Background - A study was undertaken to
determine the impact of different doses
of inhaled terbutaline on peak flow rates,
spirometric parameters, functional
exercise capacity, and quality of life in
patients with chronic airflow limitation.
Methods - A double blind, randomised,
placebo controlled, multiple crossover
trial was conducted with treatment
periods of one week. Patients with a clinical diagnosis of chronic airflow limitation and FEV1 below 70% predicted
after administration of bronchodilator
were recruited from secondary care respiratory practices, and the effect of 500,
1000, and 1500 tg inhaled terbutaline four
times daily on spirometric parameters
(FEVI, FVC), maximum inspiratory
pressures, six minute walking distance,
and health-related quality of life (Chronic Respiratory Disease Questionnaire,
Quality of Well Being, Standard Gamble)
was measured.
Results - Twenty five patients completed
the trial. Peak flow rates and FEV1
showed statistically significant but clinically trivial improvement on the higher
drug doses. Results of maximum inspiratory pressure measurements, walk test
distance, and quality of life measures
showed minimal differences on the different dosages, and none of the differences approached conventional statistical significance.
Conclusions - Regular use of P agonists in
doses higher than two puffs four times a
day is very unlikely to provide additional
functional or symptomatic benefit to
patients with chronic airflow limitation.
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Clinical trials in patients with chronic airflow
limitations have shown that many drugs,
including P agonists,' theophylline,2' ipratropium bromide,45 and glucocorticosteroids both inhaled6 and administered systemically78
- may be of benefit. Physicians frequently
prescribe multiple drug regimens, especially in
more severely affected patients, and there is
considerable potential for side effects and
non-compliance. The choice of a clinically

"optimal" dose regimen is therefore of

major importance.
Inhaled ,B agonist therapy not only improves
airflow limitation in patients with chronic airflow limitation, but also improves exercise
capacity, functional capacity, and healthrelated quality of life.'9 On the basis of these
findings, clinicians frequently prescribe
inhaled m agonists as the first line treatment for
patients with poorly reversible chronic airflow
limitation.
In the past few years controversy has arisen
as to the optimal dose of inhaled m agonists.
Available data generally suggest that, in
patients with poorly reversible airway obstruction, doses higher than those used conventionally in clinical practice result in increased
bronchodilation.'0'7 Similar results have been
reported in patients with asthma.'1820 One
interpretation of these results is that clinicians
should be prescribing larger doses of 13 agonists to their patients. In the recent guidelines
for the assessment and management of chronic
airflow limitation issued by the Canadian
Thoracic Society the authors conclude that
"although two puffs from a metered dose
inhaler four times daily is a common first step,
greater benefit may be achieved with four or
six puffs at each administration."'21
Clinicians might, however, be sceptical about
this conclusion. Firstly, the largest bronchodilator response comes from the initial dose of
13 agonist and the subsequent incremental
response, although statistically significant, may
not translate into clinically important gains in
functional status." Secondly, the conclusions of
these studies were based on the acute responses
to 1 agonists over a period of a few hours.
Assuming that long term functional benefit
parallels acute increase in FEVI following larger
doses of 1 agonist may be inappropriate.
Thirdly, the finding of a large, consistent
increment in FEV, with increasing doses of
bronchodilator has not been universal. Finally,
patients may not take large doses of inhaled
bronchodilators on a regular basis.'
In an attempt to determine the optimal dose
of 1 agonists in chronic airflow limitation, we
undertook a study in which we examined the
relative impact of different doses of inhaled
terbutaline taken over periods of one week on
peak flow rates, spirometric parameters, functional exercise capacity, and quality of life.
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Effect of increasing doses of beta agonists on
spirometric parameters, exercise capacity, and
quality of life in patients with chronic airflow
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Methods
PATIENTS

STUDY DESIGN

Before the trial each patient attended three
visits at weekly intervals. During this run in
period all regular bronchodilators were withdrawn, inhaled or systemic steroids were kept
at a constant dose, and the patients were given
1-5 mg inhaled terbutaline using a metered
dose inhaler four times a day. On two visits
each patient underwent a dose titration study
of inhaled terbutaline. In this process we identified the "optimal dose" of inhaled terbutaline
which was conservatively defined as the dose
that led to an FEV, at least 50 ml greater than
any other dose.
The metered dose inhaler technique was
reviewed with each patient at the initial run in
visit. If patients showed suboptimal technique
they were instructed in the appropriate
method and practiced with a placebo puffer
until they had mastered the technique. Three
patients in whom optimal technique was not
achieved used a valved holding chamber
(Aerochamber) for administration of bronchodilator throughout the study.
Each patient then participated in two "triplets" of treatment periods. Each triplet consisted of one week taking terbutaline 0 5 mg
(two puffs) four times daily and additional
placebo, one week taking terbutaline 1 mg
(four puffs) four times daily and additional
placebo, and one week taking terbutaline
either 15 mg (six puffs) four times daily or
their optimal dose, whichever was higher.
Blinding was achieved by giving patients three
inhalers. During the low dose periods only the
first inhaler contained active medication; dur-

OUTCOME MEASURES

Patients measured their peak flow rates each
day 20 minutes after the use of an evening dose
of the medication using a peak flow meter
(HealthScan Inc, New Jersey, USA) and
recorded the best of two measurements. All
other outcomes were obtained at the "end of
period" study visit which, for each patient,
occurred at the same time of day. A research
assistant assigned to each patient administered
the outcome measures at each study visit.
Forced expiratory volume in one second
(FEV,) and forced vital capacity (FVC) were
measured with a Collins water spirometer with
a 420 microprocessor (Warren E Collins,
Braintree, Massachusetts, USA); the FEV,
from the best of two forced expired manoeuvres
from total lung capacity to residual volume
were recorded. Respiratory muscle strength
was tested at functional residual capacity (FRC)
by measuring maximum inspiratory pressures
with the use of a manual manometer calibrated
in cmH20, with sealed mouthpiece and nose
clips; the best of three efforts was recorded.
The six minute walking test was carried out
in a quiet, closed corridor, 30m in length,
using previously described methods including
standardised encouragement.22
A disease-specific health-related quality of
life (HRQL) questionnaire which has proved
responsive - that is, it can detect clinically
important changes even if these changes are
small - and valid - that is, it is really measuring
disease-specific HRQL - in previous work,23
the Chronic Respiratory Disease Questionnaire (CRQ), was administered at the end of
each treatment period. The CRQ measures
physical and emotional function. Physical
function assessment included asking patients
to quantitate their dyspnoea during three to
five activities that are frequently performed
and important in their day to day lives, and
four items relating to fatigue and energy level.
Questions regarding emotional function included frustration, depression, anxiety, fear,
and panic with dyspnoea. Patients were asked
to rate their function on each item using an
appropriate seven point scale - for example,
extremely short of breath; very short of breath;
... not at all short of breath. The results were
expressed as the score per question in each
dimension. The average minimal important
difference is 0 5 point per question - that is,
subjects whose scores increase or decrease by
0 5 or more generally experience clinically
important improvement or deterioration.24
The Quality of Well Being instrument
(QWB) was used as a generic utility HRQL
questionnaire. The QWB represents a preference or value which members of the
community associate with the particular
combination of functions (mobility, physical
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We have described the initial process of patient
recruitment in detail elsewhere." In short,
patients were recruited from a registry of more
than 1000 patients with chronic airflow limitation (defined as best FEV, less than 70%
predicted and an FEV,/FVC ratio of less than
0 7 on at least 80% of all measurements during
the previous two years). The inclusion criteria,
confirmed on the first visit, were as follows: (1)
FEV, less than 70% of predicted value and
FEV,/FVC ratio less than 0-7 following eight
puffs of inhaled bronchodilator (800 gg salbutamol or 2000 ,ug terbutaline); and (2) age 40
years or older.
Patients were excluded by the presence of
any of the following: (1) inability to cooperate
with procedures because of factors such as
limited ability to communicate in English, or
cognitive impairment; (2) clinical instability as
indicated by hospitalisation in the two months
before entry or change in respiratory medications in the month before study entry; (3)
known hypersensitivity to sympathomimetic
amines or aerosol propellants; (4) history of
cardiac tachyarrhythmias requiring treatment;
(5) inability to identify activities associated
with shortness of breath; and (6) inability to
tolerate withdrawal from bronchodilators used
before the trial (inhaled or systemic steroids
were left at a constant dose).

ing the medium dose periods the first two
inhalers contained active medication; and during the high dose periods all three inhalers
contained active medication. The order of the
doses within each triplet was determined by
random allocation.

Beta agonists in chronic airflow limitation
STATISTICAL ANALYSIS

A repeated measures analysis of variance
appropriate for multiple crossover designs with
factors of drug dose (low, medium, or high),
triplet (first or second), and the interaction
between the two was used. This analysis was
repeated for all the continuous outcome
variables. We looked for order effects within
triplets by comparing treatment effects in
instances when high dose preceded low dose
with treatment effects when low dose preceded
high dose. Differences in proportions were
analysed using X2 and tests for marginal
homogeneity. Because we undertook multiple
comparisons a p value of 0-01 was used for
statistical significance.

Results
PATIENT RECRUITMENT

A total of 1091 patients were identified who,
according to chart review, met the spirometric
criteria and were potentially eligible for the
study; 237 of these patients had died, 135
COMPLIANCE
could not be located, and a further 324 were
Throughout the run in and double blind judged by their physicians to be unsuitable for
phases the canisters were weighed before and the study (most commonly "too sick" or "too
after study periods and compliance calculated anxious"). Of the remaining 395 patients 284
as a percentage of the expected use. In addi- were contacted of whom 50 agreed to particition, patients were asked how often they pate and started the run in period. Fifteen of
missed a scheduled dose and how often they these 50 did not complete the run-in period,
had to take extra puffs.
seven because they were ineligible (FEVI
> 70% predicted in two patients, inability to
identify activities associated with shortness of
breath in four, and language barrier in one),
SAFETY
Patients were asked not to use any extra bron- and eight withdrew (six experienced exacerchodilators or extra puffs of terbutaline be- bations of their symptoms with withdrawal of
yond those prescribed. They were instructed, their regular bronchodilators other than l
however, that if they absolutely had to use agonist, one could not tolerate substitution of
extra puffs, one puff from each puffer could be regular salbutamol by terbutaline, and one did
used. Patients were asked to contact a member not like to take puffers). Of 35 patients who
of the study team who was available 24 hours a completed the run in period eight declined
day, seven days a week, if they felt the need to further participation (five could not continue
use extra puffs. Physicians thus contacted further without ipratropium, two were judged
made a clinical judgement as to whether a true to be too symptomatic to continue weekly
exacerbation had occurred or whether the visits, and one found puffers too irritating). Of
increasing symptoms were consistent with a the 27 patients who began the two triplets two
change in the study medication or with the did not complete the trial; one decided he
could not continue without ipratropium while
patient's usual variability in symptoms.
the other was withdrawn by his respiratory
physician because of a progressive decline in
functional status. Neither of these two patients
TREMOR AND OTHER SIDE EFFECTS
completed the first treatment triplet. The trial
The presence and severity of tremor was eva- was interrupted in two patients; one developed
luated by two methods during each study visit an infective exacerbation and the other had
15 minutes after the dose of bronchodilator severe chest wall pain following a prolonged
was administered. Firstly, using the "drawing coughing spell. Both restarted the study after
method"27 we asked the patient to draw a line returning to their usual state of health, and
between two parallel sine waves 2 mm apart data from the treatment triplet in which the
and the number of errors was counted. illness occurred were excluded from the
Secondly, the research assistant used a scale analysis.
from 0 (tremor absent) to 6 (severe tremor
present when arm flexed) to assess the degree
of tremor present with the patient's arms
extended in front of her/him, and then flexed PATIENT CHARACTERISTICS
with elbows facing out and fingers facing each The characteristics of the 25 patients who
completed the trial are summarised in table 1.
other.
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activity, and social activity) and symptoms
(such as cough, wheezing, or shortness of
breath). The score varies from 0 (death) to 1
(full health). Although the QWB score was
developed as a general HRQL instrument, it
has proved valid and responsive as an outcome
measure for evaluating interventions for
patients with chronic airflow limitation.25
To further measure the value which patients
put on their overall health a second utility
measure - the Standard Gamble - was used in
which patients are asked to make a single
rating which takes into account all aspects of
their HRQL.26 Specifically, patients are asked
to choose between their own health state and a
gamble in which they may die immediately or
achieve full health for the remainder of their
lives. Patient utility is determined by the highest probability of death they are willing to
accept and still choose the gamble. The smallest difference detected by the instrument, as
we used it, is 0 05.
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Table 1 Mean (SD) baseline characteristics of
participating patients
25 (18:7)

11
2
3
9

68(5 6) (55-77)
40(24) (1-110)
0 94(0 32) (0 30-146)
36(12) (14-55)
2 12(0 56) (1 12-3 13)
57(15) (32-93)
0-45(0 13) (0-24-0 69)
25 (5)
18
8
6
4

FEV, = forced expiratory volume in one second; FVC = forced
vital capacity.

COMPLIANCE

The results of the run in period during which
the optimal dose of terbutaline was established
for each patient resulted in high dose being six
puffs in 17 patients and eight puffs in the
remaining eight. The weight of canisters
expressed as a mean (SE) percentage of
expected was 97-8(2-6)% for the treatment
periods on low dose, 98-4(2-3)% for the
periods on four puffs four times daily, and
96.9(2-0)% for the treatment periods on high
dose terbutaline. No evidence of differential
compliance was found with different puffers or
different dosages. Patients reported missing
doses of the drug after 20%, 22%, and 28% of
the treatment periods on low, medium, and
high dose of terbutaline respectively (p > 0 1).
Use of the extra doses was reported after 26%
of treatment periods on low dose, and 28%
treatment periods on both medium and high
dose (p>0 5).
PRIMARY OUTCOMES

Statistically significant dose effects were found
for daily peak flows (p < 0 01) and for FEV, 20
minutes after bronchodilator administration
(p < 0 005). No other dose effects reached statistical significance. In none of the analyses did
we find evidence of clinically important order
effects which would suggest a decrement in
apparent response to high dose when it is given
before the low dose. Neither the triplet effect
nor the triplet by dose interaction was significant for any of the variables.
The results of all outcome measures
obtained on the low dose of terbutaline are
presented in table 2 which also shows the
differences between these values and the
values obtained on each of the higher doses,
together with the 95% confidence intervals
around the differences. The peak flow
measurements showed a weak dose-response
relation with only marginal differences
between the three doses. The FEV, was 50 ml
higher on both the medium and high doses
than on the low dose. The upper boundary of
the confidence interval for the six minute walking test and the HRQL measures excluded a
clinically important difference between the
higher and lower doses.

The average numbers of errors made while
drawing a sine wave were 1 25, 1 30, and 1 18
for the low, medium, and high doses respectively (ANOVA for dose effect p>0 5). The
mean severity of tremor as judged by the
research assistant on a six point scale was 0 76
for low dose, 0-86 for medium dose, and 0 92
for high dose (ANOVA p > 0 5).

Discussion
Our results indicate that in elderly symptomatic patients with chronic airflow limitation
with an element of fixed airflow obstruction
there is little or no benefit in increasing the
dose of regular inhaled f agonist beyond two
puffs four times a day.
The strengths of our study include random
allocation of treatment periods, effective
double blinding, intensive study of each
patient, and comprehensive measurement of
outcomes. Critics might question whether the
study had adequate power to detect small but
clinically important treatment effects; however, even in the variables that showed statistically significant effects of dose the upper
boundaries of the 95% confidence interval
(indicating the largest dose effect compatible
with the data) were unimpressive: 9 1/min for
the peak flow rate and 80 ml for the FEV,2 29
The walk test results are compatible with an
effect of higher doses of 1B agonists of no
greater than 13 metres, considerably less than
our estimate of the minimally important difference of 30-40 metres.
The same is true for HRQL: the upper
confidence limit for each domain of our disease-specific HRQL measure (the CRQ) was
less than 0-2 per question, less than half of
what we have previously established as change
representing a minimal important difference.24
In fact, the mean score differences on all domains of this instrument are slightly higher on
low dose. The QWB scale, which takes into
account broader aspects of health status than
the CRQ, also showed slightly higher scores on
low dose with upper limits of 95% CI excluding clinically relevant benefit of higher doses.
It is unlikely that our failure to detect effects
on HRQL is due to inadequacy of all the
measurement instruments. In a double blind
randomised trial with a smaller number of
subjects we were able to show clinically important and statistically significant effects of
theophylline and salbutamol v placebo on each
domain of the CRQ.1 30 This strongly suggests
that the instrument is able to detect drug
effects on HRQL if they exist.
We therefore believe that our results are
consistent with previous findings which
suggest that large doses of 1 agonists can result
in acute improvement in FEVI but fail to show
clear or consistent improvement in functional
or HRQL measures.'0 12-17 Could our negative
result be a function of the 1 agonist we chose,
or the fact that our starting dose was already
too large? There are no data to suggest that the
biological action of terbutaline is any different
from other drugs of this class. Indeed, study
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Number of patients (M:F)
Primary diagnosis
Chronic bronchitis
Emphysema
Asthma
Chronic airflow limitation
Age (range) (years)
Smoking history (pack years)
FEV, (range) (1)
FEV, (range) (% pred)
FVC (range) (1)
FVC (range) (% pred)
FEV,/FVC (range)
Medications used before study
Beta agonist (single drug)
Inhaled steroid
Ipratropium bromide
Oral steroid
Theophylline
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Table 2 Mean (SD) results of outcome measures on low dose terbutaline (0-5 mg four times daily) and mean
(95% confidence intervals) changes in these outcomes on higher doses (1 mg four times daily, 1 5 mg or more four
times daily) in comparison with the low dose
0-5 mg four times daily

I mg four times daily

1 5 mg or more four times daily

FEV, (1)
FVC (1)
Six minute walking (metres)
CRQ dyspnoea*
CRQ fatigue
CRQ emotional
CRQ mastery
QWB
Standard Gamble

1 08 (0-31)
2-47 (0 59)
444 (81)
4-2 (1-1)
4.7 (1-4)
5 5 (1-1)
5 9 (1-1)
0 75 (0-11)
0-77 (0 21)

0 05 (0-02 to 0-08)
0-06 (0-0003 to 011)
4 ( -4 to 13)
-0-04 (-0-2 to 01)
-0-03 (-0 2 to 01)
0 (-0 1 to 01)
-0-03 0.2 to 01)
- 0 04 ( 008 to 0 0002)
0.02 (- 001 to 006)

0-05 (0 01 to 0 08)
0-03 (-0 03 to 009)
-3 (- 12 to 6)
-01 (- 03 to 01)
-0-04 (- 03 to 0-2)
-001 (-0 2 to 0 2)
-0 05 (-0 2 to 01)
- 0-02 ( 005 to 0 02)
- 0-02 (-008 to 0 04)

FEV = forced expiratory volume in one second; FVC forced vital capacity; CRQ= Chronic Respiratory Disease Questionnaire;
QWB= Quality of Well Being.
* Score per question.

results have consistently suggested that 200 pg
salbutamol has comparable bronchodilator
effects to 500 pg terbutaline.31'33 The possibility that freon propellants used in pressurised
aerosols34 did not allow manifestation of the
full benefit of the high dose is unlikely, as we
observed a clear dose effect on FEV1 and peak
expiratory flow. Finally, the lowest dose we
used (2 mg/day) is consistent both with standard clinical practice and with the doses of
agonists used in previous studies indicating the
efficacy of these agents.
Treatment periods of one week were used in
our study. Although it is possible that longer
treatment periods would yield different results, the rapid action of agonists makes it
likely that their clinically relevant benefits
would become apparent in the first week of
treatment. Indeed, in our previous study we
documented substantial effects on HRQL
within two weeks of changes in treatment.'
Furthermore, with longer periods on high
doses one could expect that possible tachyphylaxis (if this phenomenon occurs)'217 would
decrease rather than increase the effect. Indeed, there is now evidence to suggest that
regular long term use of bronchodilators may
be deleterious in both patients with asthma35
and perhaps also those with chronic airflow
limitation.36 Mechanisms postulated to explain
the deleterious effect of regular inhaled ,3 agonists in asthma include their effect on stimulating bronchial secretions,37 reduced airway
calibre due to mucosal vasodilation, and downregulation of receptors.'2 These mechanisms
may also apply to non-asthmatic patients with
chronic airflow limitation.
Our study does not exclude the possibility
that there are subpopulations of patients with
chronic airflow limitation, or idiosyncratic individuals, who achieve important benefit by
large doses of P agonists. These patients might
include those with extremely variable disease
or disease that is difficult to control, and such
patients may have been differentially excluded
from our study. Given that our results suggest
that most patients with chronic airflow limitation will not benefit, and that placebo effects,
the natural history of chronic airflow limitation
(which is characterised by spontaneous remissions and exacerbations), and patient and
physician expectations all favour false positive
labelling of drug responders, correctly identifying the occasional patient who benefits may
be difficult. We have previously suggested a
methodology, N of 1 randomised trials, which

could aid physicians in determining true drug
responders"4 and have demonstrated the
application of the methodology to patients
with chronic airflow limitation.4'
In summary, our study indicates that in
symptomatic, stable, elderly patients with an
element of fixed airway obstruction a dose of
inhaled a agonist of more than two puffs taken
four times a day is not associated with a
clinically important improvement in functional exercise capacity or HRQL after one
week of treatment. Given the possibility that
regular long term use of P agonists may even be
deleterious, there is currently little justification for administering them in doses of more
than two puffs four times a day.
Drs Guyatt and Cook are career scientists of the Ontario
Ministry of Health. Drs Cook and Jaeschke are Research
Scholars of the St Joseph's Health Care Foundation, Hamilton,
Ontario. This study was supported in part by the Ontario
Ministry of Health and Astra Pharma Inc. The medications
were provided by Astra Pharma Inc.
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