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Large volume spacer devices and the influence of
high dose beclomethasone dipropionate on

hypothalamo-pituitary-adrenal axis function

Peter H Brown, Andrew P Greening, Graham K Crompton

Abstract
Background The systemic effects of the
inhaled corticosteroid beclomethasone
dipropionate are reduced if the drug is
inhaled through a large volume spacer.
Use of spacers may therefore permit
higher doses to be given without causing
hypothalamo-pituitary-adrenal suppres-
sion.
Methods Randomised, double blind,
double dummy, parallel group study was
carried out in adults with chronic asthma
to determine the dose of beclomethasone
dipropionate causing hypothalamo-
pituitary-adrenal suppression when the
drug was administered by metered dose
aerosol with and without a large volume
spacer. After a four week run in taking
1*5 mg beclomethasone daily 50 patients
underwent tests of hypothalamo-pitui-
tary-adrenal function (measurement of
0900 h serum cortisol concentration and
24 hour urinary free cortisol excretion
and the short tetracosactrin test). Six
patients had hypothalamo-pituitary-
adrenal suppression (results of at least
two tests subnormal) and asthma was
well controlled in six others. Thirty eight
patients received increasing doses of
beclomethasone with (group S) or with-
out (group MDI) a 750 ml spacer. The
daily dose was increased by 0 5 mg at
monthly intervals until hypothalamo-
pituitary-adrenal suppression developed
or a dose of 5 mg/day was achieved.
Asthma symptoms and peak expiratory
flow were recorded daily.
Results Twenty three patients complet-
ed the study, one (group S) reaching a
dose of 5 mg beclomethasone dipropi-
onate daily without hypothalamo-
pituitary-adrenal suppression. Reasons
for withdrawal were poor compliance
(n = 10), the patient's decision (n = 3),
and asthma that was too unstable (n = 2).
"Intention to treat" analysis showed that
the median dose of beclomethasone
causing hypothalamo-pituitary-adrenal
suppression was similar in the two
groups (3.25 mg in S v 3 0 mg in MDI;
95% confidence interval (CI) for differ-
ence -1-0 to 1-0 mg). At 2 mg/day of
beclomethasone most patients in both
groups had well controlled asthma and
there were no differences in symptoms or

peak flow between the groups. Good con-
trol at this dose did not permit conclu-
sions to be drawn about the efficacy of
higher doses.
Conclusions There is wide interindivid-
ual variation in the dose of beclometha-
sone dipropionate causing hypothalamo-
pituitary-adrenal suppression. Whether
or not a spacer is used, doses higher than
the currently accepted maximum of 2
mg/day can be taken by many adults
with asthma without causing subnormal
function of the hypothalamo-pituitary-
adrenal axis. Whether these higher doses
are more effective in controlling asthma
remains to be established.

(Thorax 1993;48:233-238)

High dose inhaled corticosteroids (more than
1 mg beclomethasone dipropionate or budes-
onide daily) are being used more frequently
in the treatment of chronic asthma. Early
studies1 2 suggested that most patients taking
2 mg beclomethasone had impaired function
of the hypothalamo-pituitary-adrenal axis and
thus 2 mg/day became the maximum recom-
mended dose. In a recent survey, however, of
adults with asthma taking long term high
dose inhaled corticosteroids3 most of those
inhaling 2 mg beclomethasone daily were
found to have normal hypothalamo-pituitary-
adrenal function. In that study only a few
patients were using large volume spacers and
there is now evidence that these devices can
protect against the adverse effects of
beclomethasone on the hypothalamo-pitu-
itary-adrenal axis.7 Our study has attempted
to answer three questions: (1) What daily
dose of beclomethasone dipropionate will
cause subnormal hypothalamo-pituitary-
adrenal function in asthmatic adults having
long term treatment? (2) Can the protective
effect of a spacer shown in open studies of
asthmatic patients457 be confirmed in a ran-
domised, double blind study? (3) Is adminis-
tration of high dose inhaled corticosteroid via
a spacer clinically more effective than conven-
tional treatment with a metered dose aerosol?

Methods
The study was of randomised, double blind,
double dummy, parallel group design.
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CRITERIA FOR INCLUSION
Patients were eligible if they fulfilled the fol-
lowing criteria: (1) age from 18 to 70 years;

(2) history of chronic asthma, with more than
15% improvement in forced expiratory vol-
ume in one second (FEV,) after inhalation of
a bronchodilator recorded in the previous 12
months; (3) requirement for more than
800 ,ug inhaled corticosteroid daily; (4) base-
line FEV, above 20% of predicted normal
value; (5) ability to use a metered dose
aerosol efficiently. Patients were excluded if
they were being treated with long term sys-

temic corticosteroids or if they had received a

short course of systemic corticosteroids in the
preceding two weeks or more than six courses

in the past 12 months.

PROTOCOL
Patients satisfying the criteria entered a four
week run in period, during which they
inhaled 750 ,ug beclomethasone dipropionate
twice daily from a metered dose aerosol with-
out a spacer. They used a diary card to
record: (1) sleep disturbance (yes/no); (2)
morning and evening peak expiratory flow
(PEF); (3) requirement for a bronchodilator
inhaler (number of puffs); and (4) asthma
symptoms (cough, wheeze, morning chest
tightness, restriction of activities, and an
overall symptom rating). Asthma symptoms
were scored by the patient on a 0-9 scale,
where 0 = none and 9 = very severe.

At the end of the run in period control of
asthma was assessed from the diary card and
tests of hypothalamo-pituitary-adrenal func-
tion (measurement of the 0900 h serum corti-
sol concentration and 24 hour urinary free
cortisol excretion and the short tetracosactrin
test) were performed. Adrenal axis function
was judged normal if at least two of these test
results were normal.' Normal values were
those established by the department of clini-
cal chemistry in healthy subjects: 0900 h
serum cortisol 190-550 nmol/l; urinary free
cortisol 80-450 nmol/24 h. A post-tetraco-
sactrin cortisol concentration of 500 nmol/l
and above was regarded as normal. The
serum creatinine concentration was measured
at the start of the study and was normal in all
patients. Asthma was judged to be inade-
quately controlled if one or more of the fol-
lowing were present: (1) an overall symptom
score of more than 4 on five or more of the
previous seven days; (2) sleep disturbance
because of asthma during two or more of the
previous seven nights; (3) diurnal variation in
PEF of 15% or more on five or more of the
previous seven days; (4) 12 or more puffs of
bronchodilator per 24 hours on five or more

of the previous seven days.
Patients already taking 2 mg beclometha-

sone dipropionate daily and otherwise eligible
for study did not undergo a run in period and
entered the randomised phase at 2 mg/day,
provided that hypothalamo-pituitary-adrenal
function was normal. These patients and
those with inadequately controlled asthma
taking 1-5 mg beclomethasone dipropionate

who had normal hypothalamo-pituitary-
adrenal function were randomised to receive
increasing doses of beclomethasone dipropi-
onate from a metered dose or without a large
volume spacer (Volumatic). The daily dose
was increased by 0 5 mg at monthly intervals
until hypothalamo-pituitary-adrenal suppres-
sion (results of two or more tests subnormal)
developed or a dose of 5 mg daily was
reached. Aerosols delivering 250 ,ug per
actuation were used and therefore any patient
reaching the highest dose was taking 40 puffs
(20 active drug and 20 placebo) a day. The
dosing frequency was twice daily initially but
was increased to three times if a total dose of
14 puffs daily was reached. Patients were
instructed to use the spacer first and to take
two inhalations from the spacer after each
actuation of the aerosol, each inhalation to be
followed by a breath hold of five seconds. No
instructions regarding mouth rinsing were
given. Each month patients attended for clinic
visits at 0900 h and collected urine for 24
hours before each visit. On these days they
took the usual morning doses of inhaled
steroid and placebo before attending.
Immediately after venesection for the 0900 h
cortisol estimation 0-25 mg tetracosactrin was
given intramuscularly and a further blood
sample taken after 30 minutes. A throat swab
was taken for culture for fungi and patients
were questioned about any adverse events.
Diary cards were checked and an assessment
of compliance with the study medication was
made from the remaining doses in returned
canisters.

All patients gave written informed consent
and the study was approved by the regional
ethics committee.

STATISTICAL ANALYSIS
The study was analysed on the basis of inten-
tion to treat. The dose of beclomethasone
dipropionate causing hypothalamo-pituitary-
adrenal suppression was analysed by means of
Wilcoxon rank sum tests and the 95% confi-
dence interval for the difference between
treatments was calculated. For all variables
recorded on diary cards averages (means for
PEF data, medians for symptom scores and
use of relief bronchodilator) for the last avail-
able 14 days of each month of treatment were
used in the analyses. Wilcoxon rank sum tests
were used to compare spacer and non-spacer
groups for asthma symptoms, proportion of
nights disturbed by sleep, and use of relief
bronchodilator. For PEF data t tests were
used. For all variables p values below 0-05
were considered significant.

Before the study we expected a substantial
difference in the dose of beclomethasone
dipropionate causing hypothalamo-pituitary-
adrenal suppression between the two groups
and we thought that most of the patients
treated without a spacer were likely to show
hypothalamo-pituitary-adrenal suppression at
a dose of 2-5 mg beclomethasone dipropi-
onate. Power calculations based on these
assumptions suggested that 30 patients would
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need to be studied to give us an 80% chance
of detecting a significant difference with
p<0O05.

Results
Fifty patients were recruited to the study, 11
of whom were taking 2 mg beclomethasone
dipropionate and one 2 mg budesonide One
patient whose asthma was well controlled by
1-5 mg and whose adrenal axis function was
normal was not included in the randomis-
ation for treatment and was excluded from
analysis. Of the 49 assigned a treatment code
number, 24 were assigned to the group
receiving the active drug via the spacer (S)
and 25 to the non-spacer group (MDI). The
demographic details of the two groups are
shown in table 1 and their asthma medication
at the start of the study in table 2. Four
patients had previously required long term
systemic corticosteroid treatment but this had
been discontinued at least two years before
the study.

Six of the 49 patients were found to have
hypothalamo-pituitary-adrenal suppression
and were therefore excluded from further
study. Five were taking 1-5 mg beclometha-
sone dipropionate daily and the sixth 2 mg.
Five others were withdrawn because their
asthma was well controlled during the run in
period. Of the remaining 38, 20 were
assigned to the S group and 18 to the MDI
group.
Of these 38 patients, 23 (14 S, 9 MDI)

completed the study, one of whom (S)
achieved the highest dose of 5 mg daily with-
out evidence of hypothalamo-pituitary-adren-
al suppression. A second patient (MDI) also
achieved the highest dose but proved to be
not fully compliant. Another six patients (3 S,
3 MDI) were withdrawn because of under-
compliance with higher doses and three (2 S)
because of non-attendance. Three (2 MDI)
withdrew from the study and two (MDI)
were withdrawn because of persistently trou-
blesome asthma symptoms.

HYPOTHALAMO-PITUITARY-ADRENAL
FUNCTION TESTS
The outcome in the 49 patients included in
the intention to treat analysis is shown in the
figure. The cumulative numbers of patients
withdrawn at each visit, either because of
hypothalamo-pituitary-adrenal suppression or
for other reasons, are shown according to

Table I Details of the patients studied*

Group

Spacer (S) No spacer (MDI)
(n =24 [20]) (n =25 [18])

Male:female 13:11 [12:8] 12:13 [7:11]
Mean age (y) (SD) 46-8 (12-6) [45 2] 43-3 (12-6) [40 6]
Body surface area (m2, mean (SD)) 1-8 (0 2) [1-83 (0.2)] 1-8 (0 2) [1-77 (0.2)]
Smoker (n) 9 [7] 9 [6]
Atopic (n) 19 [15] 19 [16]
Duration of asthma >10 y (n) 17 [15] 19 [16]

*Numbers in square brackets refer to patients entering the double blind phase of the
study.

Table 2 Asthma medication at entry to study

Group

Spacer (S) No spacer (MDI)
(n = 24) (n 25)

BDP (1-1 5 mg) 15 14
BDP (2 mg/day) 7 4
Budesonide (1-2-2 mg) 2 7
Salbutamol 16 23
Terbutaline 8 2
Theophylline 4 7
Controlled release salbutamol 3 4
Cromoglycate 2 1
Nebulised salbutamol 0 1

and ipratropium

BDP-beclomethasone dipropionate.

treatment group. Analysis of the results of
hypothalamo-pituitary-adrenal tests at each
clinic visit suggested that there was no differ-
ence between the proportions of patients in
each of the two groups who had hypothala-
mo-pituitary-adrenal suppression; on the
basis of the last available results for each
patient the proportions were 65% in S v
66-7% in MDI (treatment difference 1-7%,
95% confidence intervals - 30% to 33 4%, p
= 0 92). The dose of beclomethasone causing
hypothalamo-pituitary-adrenal suppression
varied widely in both groups, ranging from
2'0 to 5 0 mg in the spacer group and from
1-5 to 4-5 mg in the MDI group. There was
no difference in the median dose between the
two groups (3-25 mg in S v 3 0 mg in MDI; p
= 0-99, 95% confidence intervals for differ-
ence -1I0 to 1 0 mg).

DEVELOPMENT OF HYPOTHAIAMO-PITUITARY-
ADRENAL SUPPRESSION
Twenty nine of the 50 patients had evidence
of hypothalamo-pituitary-adrenal suppression
(results in at least two of the three screening
tests subnormal), either at the initial screen-
ing or during the study. In 17 (59%) of these
patients all three tests yielded subnormal
results. In the remaining 12 hypothalamo-
pituitary-adrenal suppression was diagnosed
on the basis of abnormal results for 0900 h
cortisol and post-tetracosactrin cortisol in
five, for 0900 h cortisol and urinary free corti-
sol in three, and for post-tetracosactrin corti-
sol and urinary free cortisol in four. No
individual test was superior in detection of
hypothalamo-pituitary-adrenal suppression.
In most patients the pattern of suppression
was reduced urinary cortisol excretion and
0900 h serum cortisol concentration with
preservation of the response to tetracosactrin
(an increment of at least 200 nmol/l) but fail-
ure to achieve a value of 500 nmol/l or more
because of a reduced basal value. The incre-
ment in cortisol was below 200 nmol/l in only
nine (31%) patients. Differences in the devel-
opment of hypothalamo-pituitary-adrenal
suppression were observed between patients:
in some the serum and urinary cortisol
declined progressively as the dose of
beclomethasone was increased but in others a
threshold effect was seen, the levels tending
to remain well within normal ranges until a
critical dose was reached.
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withdrawals for other reasons.
*End of run in.

CONTROL OF ASTHMA
Most patients in both groups reported
improvement in asthma symptoms when the
dose of beclomethasone dipropionate was
increased from 1-5 to 2-0 mg daily. Table 3
shows the symptom scores and mean peak
flow rates in the two groups while they were
taking 2 mg beclomethasone. At this dose
most had well controlled asthma and there
were no differences between the groups. As a

consequence of this good control and the
high possibility of type 2 error groups were

not compared for control of asthma at higher
doses. There were, however, three patients (2
S) in whom 3 5-4 5 mg beclomethasone daily
did not influence the frequency of nocturnal
symptoms and use of rescue bronchodilator.

EXACERBATIONS OF ASTHMA
Exacerbations of asthma necessitating treat-
ment with oral prednisolone occurred in
patients (5 S, 6 MDI). Two patients had
exacerbations shortly after entry to the study
and were withdrawn; another admitted to not
taking the study medication. Six (4 MDI) had
reducing courses of prednisolone (up to 40
mg daily for up to 14 days) but had normal
hypothalamo-pituitary-adrenal function tests

at the next clinic visit. The remaining two
patients (both S) required prednisolone and
had suppressed hypothalamo-adrenal-pitu-
itary function at the next visit; we could not
therefore determine whether the higher dose
of beclomethasone, treatment with pred-
nisolone, or the combination was responsible
for hypothalamo-pituitary-adrenal suppres-
sion.

ADVERSE EFFECTS
Adverse effects were mild and infrequent and
none necessitated withdrawal from the study.
The incidence of dysphonia and of throat dis-
comfort was similar in the S and MDI
groups; these symptoms occurred in eight of
the 49 patients but coexisted in only two.
Five patients had clinical oropharyngeal can-

didiasis (4 MDI, 1 S), of whom three (all
MDI) had throat discomfort and one dyspho-
nia. One patient (S) complained of transient
light headedness after inhalation from active
and placebo inhalers. Another complained of
persistent cough after inhaling beclometha-
sone dipropionate via the spacer.

Systemic adverse effects of corticosteroids
were observed in two patients (one in each
treatment group). Both developed sponta-
neous bruising while taking beclomethasone
dipropionate in doses (3*5 and 4-5 mg/day)
that caused subnormal hypothalamo-
pituitary-adrenal function. Of the patients
withdrawn from the study because of hypo-
thalamo-pituitary-adrenal suppression, none

developed symptoms of adrenal insufficiency
with reduction in the dose of inhaled steroid.

Discussion
This study did not confirm that large volume
spacer devices reduce the systemic effects of
beclomethasone dipropionate inhaled in large
doses, as measured by changes in hypothala-
mo-pituitary-adrenal axis function. The
median dose of beclomethasone causing
hypothalamo-pituitary-adrenal suppression
was 3-25 mg when the drug was administered
through the spacer and 3-0 mg when admin-
istered by the conventional metered dose
aerosol. The wide 95% confidence intervals,
however, indicate a high probability of type 2
error (the true difference between the two

Table 3 Asthma symptoms in patients inhaling 2 mg beclomethasone dipropionate with and without a large volume
spacer (median values except where otherwise specified)

Group

Spacer (S) No spacer (MDI) 95% CIfor difference
Symptom (n = 20) (n = 15) p between groups

Cough 2 0 1.0 0 07 (00 to 2-0)
Wheeze 2 0 2-0 0 26 (-05 to 2 0)
Morning chest tightness 1-5 2-0 0 9 (-1-0 to 1-0)
Activity restriction 1-5 2-0 0 41 (-I 0 to 2 0)
Overall symptom score 2 0 2-0 0 61 (-10 to 2 0)
% nights with no sleep disturbance 85 2 92-9 0 8 (-15-0 to 7-0)
Relief bronchodilator use (puffs/day) 8-0 6-0 0-98 (-40 to 3-0)
PEF (l/min)*

Morning 340 341 0-97 (-73 3 to 71 1)
Evening 361 362 098 (-751 to 731)

*Mean values.
PEF-peak expiratory flow.
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treatments, if one exists, could be as much as
1 mg in favour of either mode of inhalation).
The long duration of the study of up to nine
months for an individual patient coupled with
the requirement for patients to take an
increasingly large number of puffs of trial
medication resulted in a high withdrawal rate.
In addition, there was a large variation
between individuals in the extent to which the
hypothalamo-pituitary-adrenal axis was sup-
pressed by exogenous steroids. These two
factors meant that insufficient patients
achieved the study's endpoint to ensure ade-
quate power.

For similar reasons and because asthma
was generally well controlled while patients
were taking 2 mg/day, no conclusion can be
drawn about whether high dose beclometha-
sone dipropionate is more effective if inhaled
via a spacer. Mean morning and evening PEF
values, however, were similar in the two
groups while they were taking a dose of 2 mg
daily, suggesting that there is probably no dif-
ference in clinical efficacy at this dose.
Consistent with this is the finding that bron-
chodilator use and symptom scores were very
similar in the groups.
Few adverse effects were associated with

high dose inhaled steroid treatment. The inci-
dence of oropharyngeal candidiasis was simi-
lar to that previously reported with lower
doses.89 Use of the spacer was associated with
less throat irritation and clinical candidiasis
but did not protect against dysphonia as has
been reported.'0 Cough is probably related to
aerosol propellants or surfactants and is re-
duced when steroid is inhaled as dry pow-
der." Spontaneous bruising was rare (4%)
and occurred only at doses that caused
hypthalamo-pituitary-adrenal suppression.
Reports of bruising in patients taking high
dose inhaled steroids'21' have come from
studies that did not include assessments of
adrenal axis function, and it is not clear how
this manifestation of the effects of systemic
corticosteroid relates to suppression of
endogenous steroid production.

In a previous study'4 we found that 24
hour urinary excretion of less than 80 nmol
free cortisol and post-tetracosactrin cortisol
concentrations below 500 nmol/l both corre-
lated well with abnormal responses to insulin
stress testing, widely regarded as the gold
standard test for hypothalamo-pituitary-
adrenal suppression. In contrast, the 0900 h
serum cortisol concentration was a poor
screening test. In the present study, however,
at diagnosis of hypothalamo-pituitary-adrenal
suppression the 0900 h cortisol was below
190 nmol/l in 25 of 29 patients, and this test
was similar in sensitivity to the post-tetraco-
sactrin cortisol concentration (<500 nmol/l
in 26/29) and urinary free cortisol (<80 nmol/
24 h in 24/29). The rise in cortisol concentra-
tion in response to tetracosactrin proved, as
in our previous study, to be a poor discrimi-
nator (<200 nmol/l in only 9/29). The differ-
ence in the discriminant value of the 0900 h
cortisol concentration between this study and
the preceding one may be a reflection of the

duration of hypothalamo-pituitary-adrenal
suppression. The reduction in basal cortisol
levels in blood and urine while the rise in cor-
tisol concentration in the tetracosactrin test is
preserved indicates that suppression caused
by an increase in inhaled steroid is mainly
occurring at the level of the hypothalamus or
pituitary, or both. As the suppressive influ-
ence is maintained atrophy of the adrenal
cortex occurs, and the ability of tetracosactrin
to stimulate a prompt increase in cortisol
secretion is lost. In the previous study'4 the
duration of adrenal axis suppression was
unknown.
The current data sheet recommendations

for the high dose beclomethasone dipropi-
onate inhaler Becloforte state that the maxi-
mum daily dose should be 2 mg. This study
confirms our earlier finding that 1.5 mg
beclomethasone dipropionate daily may be
associated with subnormal adrenal axis func-
tion in a few patients.3 Hypothalamo-pitu-
itary-adrenal function remained normal,
however, in most patients until doses of more
than 3 mg a day were taken. The good con-
trol of asthma symptoms in most patients tak-
ing 2-2-5 mg daily does not permit
conclusions to be drawn about whether
increasing the dose beyond this is associated
with increased therapeutic efficacy. The
upper limit of the dose-response curve for
beclomethasone dipropionate (and for other
inhaled corticosteroids) has not been estab-
lished and, like susceptibility to hypothalamo-
pituitary-adrenal suppression and other
unwanted effects of steroids, is likely to vary
widely between individual patients. Tests of
hypothalamo-pituitary-adrenal function may
be useful for predicting which patients will
tolerate higher doses. In less severe exacerba-
tions of asthma a temporary increase in
inhaled steroid to 2-5-3 mg daily might be as
effective as a short course of oral cortico-
steroids but associated with fewer long term
adverse effects if frequent courses are
required.

This study suggests that doses higher than
the currently accepted maximum of 2 mg
beclomethasone dipropionate daily may be
taken by many adults with asthma without
causing subnormal hypothalamo-pituitary-
adrenal function. Whether these higher doses
control asthma symptoms more effectively
remains to be established.
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