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ABSTRACT: Corticosteroid inhaler therapy using a spacer device is commonly used
as an important part of asthma management.  Increasingly, generic corticosteroid
inhalers are being used with spacer devices.  We have therefore tested whether these
generic inhalers yield equivalence in dose when compared to the established inhalers.

We measured the in vitro output, discharged into a Volumatic spacer from beclo-
methasone dipropionate inhalers (250 µg·puff-1) made by three manufacturers, Allen
& Hanburys, 3M and Baker Norton.  The output from 20 of each type of inhaler was
sampled, in random order, by a computer driven pump system.  Beclomethasone was
absorbed onto a coded filter, which was analysed independently for drug content.

The output per puff differed significantly between the inhalers of each manu-
facturer, with a 36% difference between the highest output from the Allen &
Hanburys device and the lowest output device.

We conclude that there are important differences in output from these inhalers
when used with a spacer, and that substitution of one device with another will not
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necessarily give equivalent therapy to the patient.
Eur Respir J., 1995, 8, 1637–1638.

With the introduction of generic inhalers, it has become
practice to use them with the currently available spacer
devices, such as the Volumatic spacer (Allen & Hanburys
Ltd, UK).  We have studied whether the output of three
different inhalers, delivering 250 µg of beclomethasone
dipropionate (BDP) per puff, was the same when they
are used with a Volumatic spacer.

Methods

Twenty metered-dose inhalers of BDP (250 µg per
actuation) from each of three different manufacturers,
Allen & Hanburys (A&H), Baker Norton (BN) and 3M
were purchased from a commercial pharmaceutical whole-
saler.  The output from each inhaler when used with a
Volumatic spacer was tested using the following proto-
col.  The 60 inhalers were tested in a mixed and random
order.  Each inhaler was shaken by hand and then held
still and upright for 2 s before discharging one puff into
the atmosphere.   This was repeated a total of 5 times.
The inhaler was then inserted into a Volumatic spacer
that had been washed in a dilute soapy solution, rinsed
in benzalkonium chloride, wiped with chlorhexidine and
70% spirit cloth, and dried without rubbing.  Prior to
use, each spacer was checked using a static electricity
meter (Farnell Electronic Components, Leeds, UK; Part

No. 212–880) to be free from static electricity, which
might attract airborne particles.

The mouthpiece of the Volumatic was attached to a
Respirgard II filter assembly (Brunner Scientific, Hunmanby,
North Yorks, UK), which can remove all the airborne
drug particles in one pass.  The filter assembly com-
prised a clear plastic casing, which held the filter in place,
and each was supplied with the assembly stored prior to
use in a polythene bag to prevent any contamination or
collection of static electricity.  Each filter assembly was
removed from its bag immediately prior to use to be
attached at one end to the Volumatic spacer and at the
other end to a computer-controlled pump, which was pro-
grammed to withdraw 1,000 mL from the spacer at a
constant flow of 1 L·s-1.  Figure 1 shows the configura-
tion of the inhaler, spacer, and filter assembly.  

Each inhaler was discharged once into the spacer, and
after a 2 s delay the pump drew 1,000 mL of air through
the system.  This was immediately repeated a second
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Fig. 1.  –  The configuration of the inhaler, spacer, and filter assem-
bly when ready for testing.



time and the filter then removed, coded, and sealed back
in its polyethylene bag.  After the final of the five pretest
puffs, there was a lapse of 10 s for the attachment of the
spacer before the discharge of the first test puff.  Two
seconds elapsed before the pump "inhaled" the dose over
1 s.  A further 15 s elapsed whilst the filter and spacer
assembly was disconnected from the pump, to allow the
pump to be returned to its start position and the assem-
bly reconnected again.  The second puff was then deliv-
ered into the spacer, and a further 2 s delay occurred
before the pump inhaled the second dose over 1 s.  After
each run with an inhaler, the spacer was removed and
washed as above.  The 60 coded filters were sent to an
independent commercial chemical analyst for assay of
BDP using reversed phase high performance liquid chro-
matography.  The filter codes were broken after the results
of the analysis were returned.

Statistical procedures were undertaken using the Statis-
tical Package for the Social Sciences for Windows Release
6.0, 1993.  A probability of less than 5% was taken as
significant.

Results

The individual results which represent the retrieved BDP
from two puffs of each inhaler when used with a Volumatic
spacer are shown in figure 2.  The variances of the mean
outputs from the 20 inhalers of each of the three manu-
facturers were not significantly different from one another
(Levene test, p=0.75), and the means, ranges, minimum
and maximum values are shown in table 1.  The means
were significantly different from each other (one-way anal-
ysis of variance, p<0.0001), with the mean dose delivered
by the inhaler with the lowest yield being only 64% of
that of the inhaler with the highest yield. The differences
between each of the pairs of means were significantly dif-
ferent from zero (Bonferroni's test for multiple compar-
isons, p<0.05), indicating that the output of the inhalers

from each manufacturer was significantly different from
that of the other two manufacturers.

Discussion

The British Thoracic Society guidelines for the man-
agement of asthma recommend that high dose inhaled
corticosteroids should be used with spacer devices [1].
Recent correspondence has expressed concern that deli-
very of BDP from Volumatic spacers may differ depend-
ing on the type of inhaler used [2–4].  We have conducted
a rigorously controlled in vitro study to reduce all con-
founding factors, such as static electricity and shape of
inhalation profile, so that valid comparisons can be made
between the different inhalers.  The differences found in
inhaler output indicate that the cost advantage of using
generic inhalers with spacer devices may be misleading,
as patients may be receiving less treatment than envis-
aged by the clinician.

These findings could be due to the particle size dis-
tribution delivered by the three inhalers.  It has been
shown that the total respirable fraction is about the same
between the three manufacturers [4], but the A&H prod-
uct has the highest proportion of smaller particles, with
the 3M product having the highest proportion of larger
particles, which will undergo greater sedimentation due
to gravity within the spacer device.  The possible con-
founding effect of static electricity is important, since
smaller particles may be more susceptible to this effect,
so that experiments that have not taken this into account
could potentially bias the result.

We conclude that equivalent dosing of BDP from gene-
ric inhalers when used with a Volumatic spacer cannot
be assumed, and so simple substitution of one inhaler
with another will not necessarily give equivalent thera-
py to the patient.  It is essential that when new inhaler
devices are made available for patient use they must have
been adequately tested in all the possible ways they may
be used by patients.  Only then will fully informed pre-
scribing be ensured.
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Fig. 2.  –  The output for two puffs from each of the 20 inhalers test-
ed for the three manufacturers, Allen & Hanburys (A&H), Baker Norton
(BN) and 3M.  Mean values for each manufacturer are shown by a
horizontal dotted line.  BDP: beclomethasone dipropionate.

Table 1.  –  Data for 20 of each type of inhaler expressed
as the output in micrograms for two puffs

A&H BN 3M
Mean outputs µg 166.1 (3.5) 149.0 (2.9) 106.8 (3.7)
Min  µg 130.8 125.0 65.1
Max  µg 193.6 179.0 130.2
Max-Min 62.8 54.0 65.1
Numbers in brackets are SEM.  A&H: Allen & Hanburys; BN:
Baker Norton.  Max: maximum; Min: minimum.


