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Abstract
Background The metered dose inhaler is
difficult to use correctly, synchronising
actuation with inhalation being the most
important problem. A breath actuated
pressurised inhaler, designed to help
patients with poor inhaler technique,
was compared with a conventional
metered dose inhaler in terms of aerosol
deposition and bronchodilator response.
Methods Radioaerosol deposition and
bronchodilator response to 100 pg sal-
butamol were measured in 18 asthmatic
patients, who inhaled from a conven-
tional metered dose inhaler by their own
chosen metered dose inhaler technique,
from a conventional metered dose
inhaler by a taught metered dose inhaler
technique, and from a breath actuated
pressured inhaler (Autohaler).
Results In the 10 patients who could
coordinate actuation and inhalation of
the inhaler on their own deposition of
aerosol in the lungs and bronchodilator
response were equivalent on the three
study days. By contrast, in the eight
patients who could not coordinate the
mean (SEM) percentage of the dose
deposited in the lungs with their own
inhaler technique (7-2% (3-4%)) was sub-
stantial lower than those attained by the
taught metered dose inhaler technique
(22-8% (2-5%)) and by Autohaler (20-8%
(1P7%)).
Conclusion Although of little additional
benefit to asthmatic patients with good
coordination, the Autohaler is poten-
tially a valuable aid to those with poor
coordination, and should be considered
in preference to a conventional metered
dose inhaler in any patient whose inhaler
technique is not known to be satisfac-
tory.

The pressurised metered dose inhaler was
introduced in 19561 and has become the most
popular inhalation device in the treatment and
prophylaxis of asthma. It is compact, port-
able, and convenient, containing at least 200
metered doses; these features explain its wide-
spread acceptance by patients and its con-
tinued use after several decades. It suffers from
a major disadvantage, however, in that it is
difficult to use correctly." It has been
estimated that as many as half of adults with

asthma and an even greater proportion of
children derive little benefit from their
metered dose inhalers because of inefficient
inhaler technique.6 Further, some patients
whose inhaler technique is initially satisfac-
tory develop a poor technique with time.7

Probably the most important error con-
founding the use of a metered dose inhaler is
failure to coordinate or synchronise the actua-
tion of the inhaler with inhalation.3 A breath
actuated pressurised inhaler (Aerolin Auto-
haler, 3M Riker) has been devised to help
such patients.89 This device (fig 1) uses a
conventional pressurised canister, which is
triggered by a spring when the patient inhales
through the mouthpiece at a low inhalation
flow rate of 22-36 1/min.8 We have compared
aerosol deposition and bronchodilator res-
ponse following inhalation from the Autohaler
and from a conventional metered dose inhaler
in patients with good and bad coordination.

Methods
PATIENTS
We studied 19 patients (10 male) with asthma
aged 18-78 years (baseline forced expiratory
volume in one second (FEVy) 24-96% predic-
ted). One patient was subsequently withdrawn
because he failed repeatedly to keep his
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Figure I Breath actuated pressurised inhaler (Aerolin
Autohaler, 3M Riker).
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appointments. Immediately before the stud
all patients were shown to have at least 15°'reversibility in FEV, and in maxima
expiratory flow at 75% forced vital capacit
(Vmax25) after inhaling 200 jig salbutamo
from a pressurised metered dose inhaler
Patients withheld treatment with an inhale(
beta agonist for 12 hours before each hospita
visit, and inhaled ipratropium bromide wa
withdrawn for 24 hours and methylxanthine
for 48 hours. Patients were issued with a shor
acting beta2 agonist (rimeterol) that they coulc
use if required up to three hours before eacitest. Each patient gave informed consent ir
writing and the studies were approved both
locally by the hospital's ethical practice sub-
committee and by the Administration ol
Radioactive Substances Advisory Committee.
STUDY DESIGN
Each patient performed three radioaerosol
studies on three different days separated by at
least 48 hours. On the first study day (called
the own metered dose inhaler day) a conven-
tional radiolabelled metered dose inhaler was
used by the patient's own chosen technique.The patient was asked to take a single metered
dose using the inhalation technique that he or
she normally used. No instructions on use of
the inhaler were given; the mouthpiece cover
was removed and the inhaler was shaken and
then handed to the patient in the uprightposition. The second and third study days
were randomised, and consisted of inhalation
from a conventional metered dose inhaler by a
taught technique (the taught metered dose
inhaler day) and from an Autohaler. On these
two days patients practised the inhalation
manoeuvre with a placebo aerosol until their
performance was judged to be competent.Patients were instructed to take a slow, deepinhalation, followed by 10 seconds' breath
holding and exhalation via a filter. With the
taught technique the metered dose inhaler was
actuated by an observer during the inhalation
manoeuvre. After each inhalation patientsexhaled via a low resistance filter (Inspiron002290) to trap any exhaled radioaerosol.
They wore a respiratory inductance plethys-mography band (Respitrace Corporation)around the chest, which enabled inhaled
volume, inhaled flow rate, and breath holdingtime to be registered.'0 We performed the
study with patients' own technique before
those with the taught technique or Autohaler
so that their own technique would not be
influenced by recent instruction.

RADIOAEROSOL STUDIES
Pressurised metered dose inhalers were
labelled by the direct addition of the radio-
nuclide technetium-99m to canisters contain-
ing salbutamol (Salbulin, 3M Riker) as
described." Briefly, `mTc is extracted in
chloroform, which subsequently evaporates in
an empty aerosol canister. Two millilitres of a
suspension comprising propellants (chloro-fluorocarbons 11, 12, and 114), surfactant (sor-bitan trioleate), and salbutamol were added atbelow - 60°C, and a 25 pl metering valve was

y added by a crimper. Subsequently, each
o metered dose delivered about 100,ig sal-
d butamol and 20 MBq 99"Tc. The technique
y was assessed by extracting metered doses via a
)I multistage liquid impinger," 12 which classifies
r. aerosol into different size bands; aerosol pene-d trating to stages 3 and 4 of the impingerl consists mainly of droplets smaller than 5 jum
s diameter. The distributions of untreated
s drug, drug treated with the chloroform and
t 9'Tc mixture, and radiolabel on different
I parts of the impinger were compared. Theseh data (table 1) showed that the distribution of
i radiolabel among the different parts of the
i impinger closely mirrored that of drug, and

that the distribution of drug within the impin-f ger was changed little by the addition of the
radiolabel in chloroform. We concluded that
the radiolabel would act as a marker for the
presence of drug during a deposition study.After inhalation of a single labelled dose of
100 jg salbutamol a posterioanterior view of
the chest and lateral view of the oropharynx
were taken immediately by a gamma camera
(Ohio Nuclear 110) coupled to a Nodecrest
computer. Counts were corrected for attenu-
ation during the passage of radiation to the
gamma camera. Deposition on the actuator
and exhaled air filter was compared with
that from a metered dose collected on a
further filter; activity not recovered on the
actuator or on the exhaled air filter was
assumed to be in the body and was fractioned
according to the corrected counts from lungsand oropharynx. Activity recorded in the
oesophagus and stomach was assumed to have
arisen from aerosol deposited in the oro-
pharynx. A posteroanterior ventilation scan
using krypton-81m was also performed on
each patient, and was used to define the lungborders on the aerosol scans; the lung fields
were subsequently divided into central, inter-
mediate, and peripheral lung zones."

LUNG FUNCTION
FEVy (Vitalograph Spirometer) and Vmax25(Ohio Spirometer plus XY plotter) were
measured immediately before inhalation of thelabelled dose and 15, 30, 60, and 90 minuteslater. The highest value from three attemptswas taken at each time point. Studies with the
taught metered dose inhaler technique andwith the Autohaler were started only ifbaseline FEVy was within 15% of its value onthe "own metered dose inhaler" day.

Table I Evaluation of radioaerosol technique: mean(SEM) percentage distribution of untreated drug, drugtreated with chloroform and technetium-99m, andradiolabel on the actuator, "throat," andfour stages of amiultistage liquid impinger

Untreated Treated
drug drug Radiolabel

Actuator 8 6 (3 0) 12 6 (2-8) 13 9 (2 6)Throat 38.0 (4.5) 43 5 (8-7) 41 5 (3 7)Stage 1 7 7 (1-7) 4 0 (1 6) 4 0 (2-7)Stage 2 6-7 (1 8) 4-2 (2 0) 6 4 (0 5)Stage3 86(1 8) 65(41) 65(22)Stage4 30 5 (1 6) 29 2 (2 1) 27 7 (0-8)
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Figure 2 Deposition
patterns of radiolabelled
aerosol in a good
coordinator (top) and in a
bad coordinator (bottom)
for studies with their own
metered dose inhaler
(MDI) technique, the
taught MDI technique,
and the Autohaler. When
the bad coordinator
inhaled with his own MDI
technique the inhaler was
actuated after ;ompletion
of inhalation.
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STATISTICAL ANALYSIS

Analysis of variance was used to assess the
effects on deposition and bronchodilator res-

ponse due to inhaler, period, and carryover

from the previous inhaler. Subsequent mul-
tiple pairwise comparisons between inhalers
were carried out using Bonferroni t tests.'3 A
p value below 0-05 was taken to indicate
statistical significance. From inspection of the
inhalation manoeuvre when the patient
inhaled according to his or her own technique,.
patients were divided into two groups, with
good and bad coordination respectively; data
from the two groups were tested separately.

Results
GOOD COORDINATORS
In the study using their own metered dose
inhaler technique, 10 of the 18 patients (mean
baseline FEV, 51% predicted, range 24-72%)
actuated the inhaler during the course of
inhalation, and were hence classified as good
coordinators. Most of these patients used an
inhalation technique that was close to optimal;
six of the 10 patients inhaled at less than 60 1/
min, and seven of the 10 patients held their
breath for more than six seconds.

For the ten good coordinators there were no
significant differences between the three study
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Figure 3 Mean
percentage changes in
FEV, (with standard
errors) and in maximal
expiratoryflow at 75%
forced vital capacity
( Pmax25) in 10 good
coordinators (upper
figures) and in eight bad
coordinators (lower
figures),for studies with
their own metered dose
inhaler (MDI) technique
(*), the taught MDI
technique (* ), and the
Autohaler (0).
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days in the deposition fractions in lungs, oro-

pharyx, actuator, and exhaled air (table 2).
Typical deposition patterns are shown in figure
2. There was a trend towards less deposition in
the lungs for inhalation by the taught metered
dose inhaler technique, but this did not reach
statistical significance. Regional deposition
within the lungs was also similar for the three
study days: the mean (SE) percentage of the
dose in the peripheral lung zone was 6 5 (1 -0)
for "own metered dose inhaler," 5-4 (1 0) for
"taught metered dose inhaler," and 7-1 (1-2)
for the Autohaler.

Baseline values of FEV, (own metered dose
inhaler 1-92 (029) 1, taught metered dose
inhaler 1-87 (0-29) 1, Autohaler 1-97 (030) 1)
and Vmax25 were similar on the three study
days. Areas under the FEVy and Vmax25 bron-
chodilator response curves did not vary sig-
nificantly between the three studies (fig 3).

BAD COORDINATORS
Eight patients (mean baseline FEV1 57%
predicted, range 31-96%) were observed to
have bad coordination with their own metered
dose inhaler technique; of these, four actuated
the inhaler before the beginning of inhalation
and four actuated it after the completion of
inhalation.
The fractionation of deposition for these

eight patients is shown in table 2; compared
with the other two studies, there was a sig-
nificant reduction in deposition in the lungs
(p < 001) during inhalation by their own
metered dose inhaler technique. The percen-

tage of the dose deposited in the lungs with
their own metered dose inhaler technique was

less than 1%, 11-8%, 8-6%, and 28-3% in the
four patients who actuated the metered dose
inhaler before inhalation; these patients had
delay times before starting to inhale of about 3,
1-5, 1 0, and 0 5 seconds, suggesting an inverse

relation between lung deposition and delay
time. In three of the four patients who actuated
the metered dose inhaler after inhaling, less
than 2% of the dose reached the lungs (fig 2); in
the fourth patient lung deposition was 5% of
the dose, but this was confined to a single area in
the large bronchi ofone lung. Deposition in the
peripheral lung zone was 8-6% (0 9%) of the
dose for "taught metered dose inhaler" and
8-4% (11-%) for the Autohaler, but we did not
attempt to quantify this measure for "own
metered dose inhaler" as it was immeasurably
small in five of the eight patients.
There was little variation in either baseline

FEVy (own metered dose inhaler 1-36 (0 15)1,
taught metered dose inhaler 1-39 (0-16) 1,
Autohaler 1-41 (0 15) 1) or baseline Vmax25 on
the three study days. The area under the FEVy
bronchodilator response curve was significantly
(p < 005) greater with taught metered dose
inhaler and Autohaler than with "own metered
dose inhaler" (fig 3). The area under the Vmax25
bronchodilator response curve was significantly
(p < 005) greater for the Autohaler than for
"own metered dose inhaler."

Table 2 Mean (SEM) percentage of the aerosol dose
located at various sites after inhalation by good
coordinators (n = 10) and by bad coordinators (n = 8)

Site Own MDI Taught MDI Autohaler

GOOD COORDINATORS
Lungs 18 6 (2-9) 12 8 (1-8) 17 5 (2-8)
Oropharynx 64.4 (3 8) 71 1 (2-5) 61 2 (4-5)
Actuator 16 1(20) 15 8(1 2) 210(2-8)
Exhaled 0 7 (0-4) 0 3 (0-1) 0-3 (0-1)
BAD COORDINATORS
Lungs 7 2 (3-4) 22 8 (2 5)* 20 8 (1-7)*
Oropharynx 67-7 (4-7) 59-3 (2 3) 60 7 (2-2)
Actuator 23-5 (3 8) 17 6 (0 9) 18 2 (1-3)
Exhaled 1-7 (0-9) 0 3 (0-1) 0-2 (0-1)

*p < 0-01 in the comparison with own metered dose
inhaler (MDI) technique.
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Discussion
A breath actuated pressurised aerosol was first
described almost 20 years ago,'4 but the early
model was relatively unsuccessful for several
reasons. The inhaler was rather bulky, its
operation was somewhat noisy and violent, and
some patients had difficulty in generating a
sufficient flow rate to trigger the mechanism.
Additionally, the original breath actuated
inhaler contained the non-selective beta agon-
ist isoprenaline. The new breath actuated
inhaler (Aerolin Autohaler) is compact and
quiet in operation, functions at a low inhaled
flow rate that is easily achieved by patients with
obstructive airways disease'5 and is optimal for
drug delivery,'1'8 and contains the selective
beta2 receptor agonist salbutamol.
Although not necessarily reflecting the

population at large, the asthmatic patients
entering our study fell into two approximately
equal groups with good and bad coordination
when using a metered dose inhaler according to
their own chosen technique. In the 10 good
coordinators the Autohaler gave no additional
benefit over a conventional metered dose
inhaler. Surprisingly, however, there was a
trend towards less lung deposition with the
taught technique, which resulted primarily
from data from two individuals. Overall, this
difference was not significant, but we cannot
exclude the possibility that while instructing
patients in the "correct" technique we were
introducing some additional and undetected
error that caused this technique to be inferior to
their own chosen method. The use of a metered
dose inhaler with the mouth held open results
in greater deposition than when the mouth is
closed,'9 but this cannot explain the observed
result because every patient used a metered
dose inhaler with the lips firmly closed round
the mouthpiece.
The data were substantially different in the

bad coordinators. In four patients who chose to
actuate the metered dose inhaler after inhaling
both lung deposition and bronchodilator re-
sponse were substantially reduced, and we
failed to observe a characteristic deposition
pattern of aerosol in the lungs on the gamma
camera scans. This arose because there was no
inhaled airstream available to conduct aerosol
deep into the lungs. The observation of a
greatly reduced bronchodilator response when
the dyscoordination occurs at the end of inhala-
tion is in agreement with the results of earlier
studies. 620 The data from the four patients who
delayed between actuating the metered dose
inhaler and starting to inhale suggests that drug
delivery and delay time are inversely related,
and that a minimal delay of less than one second
may not compromise drug delivery; this again
is in agreement with the findings of earlier
studies.'6 20

In our patients the Autohaler thus "correc-
ted" for poor coordination, both drug deposi-
tion and the bronchodilator response being
equivalent to those obtained with a correctly
used conventional metered dose inhaler.
Subjectively, we were impressed by the ease
with which several patients with a very poor
metered dose inhaler technique learnt to use
the Autohaler successfully. It would be interes-
ting to knowhow effectively such patients retain
their ability to use the Autohaler, but this was

outside the scope of the present study.
Evidence from a clinical study2' suggests that
patients prefer the Autohaler to a conventional
metered dose inhaler and that they find the
former easier to use. The Autohaler will not,
however, help patients who stop inhaling at the
moment of actuation,22 and the device must be
formulated with "ozone friendly" propellants2'
in the near future. The Autohaler should,
however, be a valuable alternative to dry pow-
der inhalers'2 24 and spacer devices25 26 for
patients unable to use a conventional pressur-
ised metered dose inhaler because of coordina-
tion difficulties.

We wish to thank 3M Health Care for their financial support of
this study and Mr J Tunnicliffe of Sheffield Statistical Services
for performing the statistical analysis.
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