
ARTICLE OPEN

Inhaler device technique can be improved in older adults
through tailored education: findings from a randomised
controlled trial
Melanie A Crane1, Christine R Jenkins2, Dianne P Goeman3 and Jo A Douglass4

AIM: To investigate the effects of inhaler device technique education on improving inhaler technique in older people with asthma.
METHODS: In a randomised controlled trial, device technique education was provided to a sample of 123 adults aged 455 years
who had a doctor diagnosis of asthma. The active education group received one-on-one technique coaching, including
observation, verbal instruction and physical demonstration at baseline. The passive group received a device-specific instruction
pamphlet only. Inhaler technique, including the critical steps for each device type, was assessed and scored according to Australian
National Asthma Council (NAC) guidelines. Device technique was scored objectively at baseline and again at 3 and 12 months post
education.
RESULTS: The majority of participants demonstrated poor technique at baseline. Only 11 (21%) of the active intervention group
and 7 (16%) of the passive group demonstrated 100% correct technique. By 3 months 26 (48%) of the active group achieved
adequate technique. Improvement in technique was observed in the active group at 3 months (P<0.001) and remained significant
at 12 months (P<0.001). No statistically significant improvement was observed in the passive group.
CONCLUSION: The provision of active device technique education improves device technique in older adults. Passive education
alone fails to achieve any improvement in device technique.
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INTRODUCTION
In asthma self-management, ineffective inhalation technique and
mishandling of devices is a common and widespread issue even
among experienced adults.1,2 Good device technique is essential
to maximise the benefits of asthma treatment3,4 and poor
technique is associated with having poor asthma control,
increased use of unscheduled health resources and poor
adherence if therapeutic benefits are not experienced.1,4–6

Many types of inhalation devices are now available and current
evidence indicates no difference in the clinical effectiveness of
one device over another provided they are used properly.7

However, devices differ in the way they are used. The correct
inspiration technique for a pressurised metered-dose inhaler
requires a slow deep breath, while a dry powder device requires a
faster initial breath. The correct technique is thus device-specific
and treatment efficacy relies on the method being taught
effectively for each specific inhaler.7–9 Device effectiveness is also
dependent on patient-related factors such as manual dexterity
and coordination. Drug choice, capacity to achieve targeted
inspiratory flow and the skill to master a particular device also has
a bearing on real-world efficacy.8–10

Asthma guidelines recommend regular monitoring of
inhaler technique as part of good asthma management,11 and
research has highlighted the need for inclusion of physical
demonstration.12,13 Although device technique education has
been shown to improve asthma outcomes, few educational

interventions have focused on older adults or considered their
specific needs.
Poor device technique is more often observed in older

patients.1,14,15 Poor cognition, impaired vision and device hand-
ling are some reasons for this observation.15–18 Disease comor-
bidity is also common in older adults who may be taking multiple
medications in addition to their asthma therapy.19 Use of multiple
different devices has been shown to increase the risk of
inadequate device technique in adults.20 Added to this, older
patients’ perception of their inhaler technique has been shown to
be a poor indicator of their actual ability.18

Although research has shown that older people can learn to
improve their inhaler technique,21 only one previous study
provided a device educational programme for older people, and
this did not include those using dry powder inhalers, a control
group or a tailored programme to address individual needs.22

The supposition of this study is that device technique can be
improved and maintained in older people where education,
including observation, verbal instruction and physical demonstra-
tion, and device-related knowledge are provided.

MATERIALS AND METHODS
Study design
This paper presents a subanalysis of a single-blinded parallel randomised
controlled trial measuring the effects of a tailored education intervention
designed to address the concerns and unmet needs of older people with
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asthma.23 The aim of the current analysis was to investigate the effects of
comprehensive device technique education versus passive information
alone for older people with asthma.

Participants
Participants were recruited from the community across two trial sites in
New South Wales and Victoria, Australia. Computer-generated stratified
randomisation by age and site and preventer medication were used to
allocate participants to either the comprehensive or the brochure-only arm
of the intervention. All participants were aged455 years and had a doctor
diagnosis of asthma, a smoking history of o10 pack-years and were
considered cognitively competent to understand instructions. Participants
were blinded to their group allocation.
Ethics approval was obtained from the ethics committees of both sites.

Intervention
The comprehensive education intervention group received one-on-one
technique coaching, which included critical observation of their device
technique, verbal instruction regarding ways to improve their technique,
physical demonstration of correct technique and encouragement.
Education was provided at baseline. At 3- and 12-month visits, participants
were asked to use their inhaler and technique was discretely observed.
Additional technique coaching was provided where errors were
observed. They were also provided with pictorial device information
pamphlets. Patients in the active intervention group also received asthma
education. This included knowledge about their particular inhalation devices,
why good technique was important, and ways to improve the technique.
Where patient-related factors affecting mastery over the device technique
(such as difficulties associated with arthritis or inspiratory flow) were evident,
other device options were also discussed and suggested to their practitioner.
The passive information group participants received only the pictorial device
information pamphlet and usual care by their practitioner. At the end of the
study, the passive group received the interactive education.
The device information pamphlets were standard educational

pamphlets supplied by Astra-Zeneca (North Ryde, NSW, Australia) and
GlaxoSmithKline (Ermington, NSW, Australia) to healthcare practitioners.
Turbuhaler device users received pamphlets provided by Astra-Zeneca,
and pressurised metered-dose inhaler (pMDI) and Accuhaler device
pamphlets were provided by GlaxoSmithKline.

Outcome measures
Device technique was reviewed in both groups, at baseline and at 3 and
12 months. In the active group, this was done prior to education. Device
technique was assessed discretely according to current National Asthma
Council (NAC) guidelines24 and critical inhaler technique steps were scored
using the NAC checklist for each device.25 The checklists can be
downloaded from the NAC website http://www.nationalasthma.org.au/
publication/inhaler-technique-in-adults-with-asthma-or-copd. Lung func-
tion, asthma control and medication adherence were also measured as
part of the wider intervention.23 Demographic information on participant
characteristics was also collected.

Data analysis
Data were analysed using SPSS (Statistical Package for Social Sciences
Version 19, Chicago, IL, 2010). Device checklist steps and scores were
converted to percentages for comparison between devices. Associations
between inhaler-related variables, correct technique and device errors
were assessed using univariate and multivariate linear regression. Spear-
man’s correlation coefficient was used to examine nonparametric
correlations. Comparisons between intervention and control groups were
made using general linear models.

RESULTS
Baseline characteristics
There were 123 participants in the study at baseline; 67 (54.5%)
were using a dry power inhaler (DPI), 33 (26.8%) a pMDI preventer
and 2 (1.6%) used a breath-activated AutohalerTM (Table 1). The
remaining participants used no preventer (15%), a nebuliser (1.6%)
or oral preventer alone (0.8%). No significant differences between
the two groups were observed at baseline other than a greater

Table 1. Patient characteristics at baseline

Active Control Total

n= 65 (%) n=58 (%) n= 123 (%)

Sex—male 16 (25) 18 (31) 34 (28)
Age (years)—median (range) 66 (55–86) 67 (55–85) 67 (55–86)
Education—tertiary 25 (39) 21 (36) 46 (37)
Duration of asthma 430 years 39 (60) 33 (57) 72 (59)
Lung function FEV1%
predicted

72.2± 19.5 75.3± 23.1 73.7± 21.3

Asthma control ACQ score 1.58± 1.0 1.24± 0.9 1.42± 1.0

Preventer device at baseline
pMDI 9 11 20
pMDI+spacer 7 6 13
Accuhaler 13 7 20
Turbohaler 24 23 47
Autohaler 1 1 2
Oral preventer only 0 1 1
Nebuliser only 2 0 2
None 9 9 18

Number of devices owned a

0 0 (0) 4 (7) 4 (3)
1 34 (52) 27 (47) 61 (50)
3 26 (40) 24 (41) 50 (41)
4 5 (8) 3 (5) 8 (6)

Abbreviations: ACQ, Juniper Asthma control questionnaire; FEV1, forced
expiratory volume in 1 s; pMDI, pressurised metered-dose inhaler.
aDevices owned includes all reliever and preventer devices.

Table 2. Device technique errors observed at baseline

Critical steps failed at baseline Failed, n (%)

pMDI errors (n= 20)
1. Hold inhaler upright and shake wella 2 (10)
2. Breathe out gently away from mouthpiece 8 (40)
3. Breathe in slowly and deeply through the mouth,

and press down on canistera
6 (30)

4. Continue to breathe in slowly and deeplya 7 (35)
5. Hold breath for about 10 s 14 (70)

pMDI + spacer errors (n=13)
1. Hold inhaler upright and shake well 1 (8)
2. Insert inhaler upright into spacer 0 (0)
3. Breathe out gently into spacer 4 (31)
4. Hold spacer level and press down firmly on

canister once
0 (0)

5. Breathe in slowly and deeply then hold breath
10 seconds or breathe in normally for 4 breaths

3 (23)

Turbuhaler errors (n= 47)
1. Hold inhaler upright while twisting grip around,

then back until click is hearda
14 (30)

2. Breathe out gently away from mouthpiecea 15 (32)
3. Breathe in strongly and deeplya 14 (30)
4. Breathe out gently away from mouthpiece 11 (23)

Accuhaler (n= 20)
1. Open inhaler using thumb gripa 2 (10)
2. Hold inhaler horizontally, slide lever until it clicks

to load dosea
1 (5)

3. Breathe out gently away from mouthpiecea 14 (70)
4. Breathe in steadily and deeplya 10 (50)
5. Breathe out gently away from mouthpiece 9 (45)

Autohaler preventer device (n= 2) not included in this table.
aCritical steps essential for dose inhalation. Includes preventer devices only.
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number of participants in the active group who were using an
Accuhaler (Po0.01).
The most common critical step errors observed for pMDI,

Turbuhaler and Accuhaler devices at baseline are listed in Table 2.
Across both groups, participants using an Accuhaler were more
likely to employ the correct technique at baseline (t= 2.79,
P= 0.006). Those using a pMDI (t= 0.36, P= 0.7), Turbuhaler device
(t=− 0.63, P= 0.5) or those who owned a number of asthma
devices (r= 0.03, P= 0.8) were no more likely to have a good
technique using these devices.
At baseline 11 (21%) of the active group and 7 (16%) of the

passive group were assessed as having the correct technique and
there were no significant differences in device technique between
the two groups (F= 0.23, P= 0.6).

Effects of the education intervention
Post education there was a statistically significant improvement in
the proportion of participants with correct technique in the active
group at 3-month follow-up (Po0.001), which was retained at the
12-month follow-up (Po0.001) (Table 3). In comparison, no
significant change was evident in the passive group at 3 months
(P= 0.5) and 12 months (P= 0.6) post intervention.
Between the baseline and 3-month follow-up visit, 7 (6%)

patients changed devices (4 from the active and 3 from the
passive group) and a further 13 (11%) (10 from the active and 3
from the passive group) did so by the 12-month follow-up. The
changes between devices were patient-specific, and no pattern
was observed in the switching between devices across the two
groups. Device changes had no effect over technique scores
achieved at 3 months (P= 0.6) or 12 months (P= 0.8).
The proportion of patients achieving a maximal technique score

in the active group at 3 months was 26 (48%) vs. 10 (20%) in the
passive group and at 12 months 27 (52%) active participants
retained maximal score versus 8 (26%) passive participants. The
number of device errors made by those who did not achieve
maximal score was initially higher in the active group (mean (s.d.)
2.7 (0.3) and 2.23 (0.2); active and passive group respectively).

Post education intervention, the active group made fewer errors
(Figure 1). At 3 months the active group made on average 1.21
(1.4) errors and 0.91 (1.0) by 12 months whereas the passive group
continued to produce similar errors with a mean of 2.05 (1.6) at
3- and 12-months.
Active participants using a pMDI device were encouraged to

utilise a large volumatic spacer (LVS) with their pMDI device as a
part of device education. Initially, 7 (43.8%) pMDI users in the
active group and 7 (41.2%) in the passive group were using a
spacer. By 3-month follow-up a greater proportion of both groups
had started using an LVS (Figure 2); however, uptake was
statistically higher in the active group compared with the passive
group (3 months: P= 0.001; 12 months: Po0.0001). Device
technique was also better amongst those who used a spacer
compared with pMDI alone. This was true in both active and
control groups. At 12-month follow-up 9/15 (60%) active
participants achieved maximal technique score using a spacer
versus 1/3 (33%) who continued using a pMDI alone, while 4/11
(36%) control participants using a spacer achieved maximal score
versus 1/9 (11%) with pMDI alone.

DISCUSSION
Main findings
In older people asthma education is often neglected, and while
acquisition and initial retention of acceptable technique is
reduced in the elderly with a measurable cognitive deficit,27 this
is not an excuse for neglect. This investigation has shown that
device education, in particular, practical demonstration and
coaching, can effectively improve the device technique of older
people. It also asserts that written information, even in pictorial
form, is not sufficient to achieve improved inhaler use in older
adults with asthma.

Table 3. Changes in device technique over time

Correct technique Baseline 3 months 12 months

na Mean (%) s.d. n Mean (%) s.d. n Mean (%) s.d.

Active 53 77.1 21.7 54 91.0 12.6 52 92.6 9.8
Within-group differencesb t= 4.1 Po0.001 t= 4.7 Po0.001

Control 47 80.2 15.0 50 82.2 14.4 50 82.0 14.8
Within-group differencesb t= 0.7 P= 0.5 t= 0.6 P= 0.6
Between-group differences F= 0.7 P= 0.4 F= 11.2 P= 0.001 F= 18.3 Po0.001

an refers to participants currently using their preventer device at the time of the intervention or review.
bWithin-group differences at 3 and 12 months are compared with means at baseline.
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Previous studies have found that older people have a
significantly poorer device technique than younger adults.14

In this older cohort, inadequate technique was high at baseline,
with 81% demonstrating at least one observed error. Correct
device technique was, however, associated with the type of device
used; specifically, the use of the Accuhaler was more likely to be
correct, as measured by the checklist. In this study, a third of the
participants used a pMDI preventer at baseline and the majority
used a pMDI as their reliever device. Spacer uptake in the active
group improved and was sustained as a result of device education.
Thus, with device education good device technique was achieved
amongst both DPI and pMDI users.

Interpretation of findings in relation to the previously published
work
Within the period of one year, device technique was observed
three times. Clear statistical improvement was observed in the
active education group but was not observed in the passive
education group. In the active group, good technique was
sustained between 3- and 12-months suggesting that once the
technique was improved it was retained for at least 9 months.
In younger and older populations it has been shown that pMDIs

are more difficult to use, and that it is more difficult to maintain
good technique compared with DPIs,28–30 and this has a bearing
on asthma control. Dry powder devices generally require fewer
technical skills to operate and in our study Accuhaler was used
correctly at baseline by a larger proportion of participants than
pMDI devices or Turbohaler DPIs. While DPIs may be easier to use,
education is no less important.13 The majority of active and
passive participants who were using DPIs failed to exhale before
inhalation, had a tendency to breathe out over or into the device.
Failure to exhale before inhalation is the most frequently reported
error associated with DPI devices.28,31 Previous studies have
demonstrated that exhaling over a DPI has the propensity to
cause excess moisture to develop and decrease the delivery of
future doses.32

With pMDI devices, better technique and thus better drug
delivery of pMDIs can be obtained with a spacer2,33 and guidelines
recommend their use in all age groups. Utilisation of these devices
can, however, be a financial barrier to some patients. In this study,
providing device education to pMDI users had an impact on
spacer uptake. Spacers offer considerable advantages over pMDIs
alone in the elderly34 and more recent evidence suggests better
asthma control is achieved with a spacer or Autohaler.35 Our study
adds to the evidence by demonstrating that adults using a pMDI
can be taught to use a spacer and achieve better technique.

Strengths and limitations of this study
Few studies have specifically addressed the role of patient
education in the older person. The strengths of this study are
that it uses step-by-step guidelines to assess and teach optimal
device technique.
As a limitation in this study, the effect of spacer uptake may be

underestimated as all participants, including the passive group,
underwent spirometry in which bronchodilator effect was
measured. A disposable LVS was used for operator administration
of the bronchodilator. No education was provided, yet a few
control group participants commenced using a spacer with their
pMDI, commenting that the use of a spacer during spirometry
prompted them to start using or re-using a spacer. Frequent
spirometry may also contribute to improving inhaler technique.
However, spacer use was not sustained in the passive group, and
the decline in spacer use in this group between 3- and 12-month
follow-up suggests that the novelty wore off without education
about the benefits of spacer use.
The study could have been influenced by observer bias in that,

while the asthma educators were blinded to the initial randomised

allocation, they were not blinded when evaluating individual
device technique. However, an objective scoring system was used
to standardise this assessment throughout. We did not assess
participant cognition, and do not know whether the small
proportion of the active group who were not able to attain
correct technique were thus impaired.

Implications for future research, policy and practice
Providing patients with written information alone is inadequate in
ensuring that device technique is performed. In older people with
asthma, even with years of experience of living with the disease,
inhaler education with demonstration and coaching is important,
and can achieve good results. Several aspects of inhaler technique
are skill-based and require training before they can be
performed.14 Device preparation, inhalation method, actuation
and breath holding are steps that require teaching and practical
demonstration. In younger populations, practical demonstration
has proven to be more effective in improving technique than
written or verbal information.12

Older people with a long history of asthma may express
confidence in their device use; however, evidence suggests their
confidence is not well founded, and technique has been shown to
deteriorate if it is not revisited.36 Dekhuijzen37 has recently
proposed a patient-centred approach for prescribing inhaler
devices in primary care. We would add that any approach needs
to include and revisit device technique education, even in the
later years, to achieve better outcomes.
New technologies such as telemedicine are changing the

interface of the patient consultation. Provided observation and
coaching can be delivered, the desired outcomes can be achieved.
The internet is also becoming increasingly important as a tool for
clinicians and patients, and video demonstrations of correct
device technique are available from respiratory bodies and
manufacturers. However, without someone with the knowledge
to observe technique errors and provide feedback, internet videos,
particularly for the older person, may be as inadequate as a two-
dimensional brochure.
Device checklists, such as those used in this study,25 are readily

available to assist clinicians and their patients. There may also be a
place for family and friends to observe and provide feedback
using the steps of the checklist, and this could be investigated in
future studies. Addressing poor technique is important as this
study has shown, but it may also help with issues of poor
adherence, and we believe both issues need to be addressed in
clinical practice.38 As discussed by Partridge,39 the responsibilities
of the clinician need to extend beyond prescriptions to address
meaningful self-management support and shared decision
making. While the focus of this research has been on older
people with asthma, similar issues in device technique have been
observed in people with COPD and this learning can be similarly
applied.40,41

Conclusions
Device technique can be improved and maintained in older
people if inhaler education includes demonstration of technique
and coaching is provided. It is through demonstration and device
coaching that technique deficiencies can be exposed and the
opportunity for correction or transition to an easier device can be
made. Our results indicate that provision of passive written
information alone, even in pictorial form, is not adequate as a form
of inhaler education for older people with asthma.
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