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BACKGROUND: Regardless of the device used, many patients have difficulty maintaining proper
inhaler technique over time. Repeated education from caregivers is required to ensure persistence
of correct inhaler technique, but no information is available to evaluate the time required to rectify
inhaler errors in experienced users with a baseline faulty technique and whether this time of
re-education to restore inhaler mastery can differ between devices. METHODS: This was a multicenter, single-visit, open-label, cross-sectional study in a large group of 981 adult subjects (mean ⴞ SD
age 64 ⴞ 15 y) experienced with inhaler use, mainly suffering from COPD and asthma, who showed
faulty inhaler technique at a follow-up visit in chest clinics. These subjects received face-to-face
practical education from trained caregivers until proper inhaler use could be demonstrated, and the
time of instruction was recorded. RESULTS: The mean times (95% CIs) in minutes of instruction
required for rectifying misuse and demonstrating inhaler mastery were 5.0 (3.6 – 6.4) min for the
Diskus (n ⴝ 199), 5.3 (3.7– 6.8) min for the HandiHaler (n ⴝ 219), 8.1 (5.6 –10.5) min for the
metered-dose inhaler (MDI) (n ⴝ 532), and 6.0 (5.0 –7.0) min for the Turbuhaler (n ⴝ 169). The
time to demonstrate good inhaler use for MDIs was higher (P < .05) than for all dry powder
inhalers (DPIs). Between the DPIs, only the HandiHaler required more time for achieving mastery
than the Diskus (P ⴝ .005). The variables associated with increasing time for correcting inhaler
errors were an older age (0.05 min/y, 95% CI 0.03– 0.07), a lower level of education (0.4 min/
schooling level, 95% CI 0.7– 0.1), and no reported previous instruction in inhaler use (1.96 min,
95% CI 1.35–2.58). CONCLUSIONS: In experienced subjects with baseline faulty inhaler use, the
mean time of education required to achieve and demonstrate mastery with DPIs was lower than
with MDIs. Key words: asthma; COPD; inhaler device. [Respir Care 2017;62(4):409 –414. © 2017
Daedalus Enterprises]

Introduction
Inhalation is the preferred route of drug administration
for treating chronic obstructive airway diseases, such as
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asthma and COPD. Delivery of medication to the lungs
requires specific devices. The most commonly used inhalers are metered-dose inhalers (MDIs) and dry powder inhalers (DPIs). Within these groups, manufacturers have
developed a range of devices with different handling. All
marketed devices are equally effective, even if sometimes
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Aliani is affiliated with the Divisione di Pneumologia, ICCRS Fondazione Maugeri, Cassano delle Murge, Italy. Dr Neri is affiliated with the
Istituto Fondazione Renato Piatti, Varese, Italy. Dr Sestini is affiliated
with the Clinica Malattie Apparato Respiratorio, Università di Siena,
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at different dosages, when inhalation is performed correctly.1 Unfortunately, poor inhaler technique with MDIs
and DPIs is common in real life.2 The burden of inhaler
errors is huge, since it may worsen clinical outcomes2 and
has been estimated to waste 5–7 billion dollars every year.3
Misuse is common not only in naive, but even in experienced users. Approximately half of patients have subsequent difficulty in maintaining inhaler mastery irrespective of the device used and the duration of follow-up.4-7 As
a consequence, the role of education from trained caregivers is important to reduce poor inhaler technique not only
at the time of the first prescription but also at follow-up
visits.8,9 Many studies have evaluated the time required for
educating naive adult users to inhaler mastery,10-17 but, to
our knowledge, no information is available to evaluate the
re-education time required to achieve inhaler mastery in
experienced users with faulty baseline technique. Our previous study, the GENEBI Project2, investigated home inhaler practice among experienced stable subjects with
chronic obstructive airway diseases referred to chest clinics throughout Italy. A subset of these subjects performed
inhaler errors at baseline. Then subjects with faulty technique received education until inhaler mastery was
achieved. The time of re-education required to rectify inhaler errors was measured. These results constitute the aim
of the present study.
Methods
Details of the materials and the methods of the GENEBI
Project have already been published.2 Briefly, during the
study period, all adolescent and adult patients (age ⬎14 y),
attending one of the participating centers for an ambulatory scheduled visit and regularly using an inhaler at home,
were considered eligible for participation. The enrollment
always occurred after a full explanation of the study and
written informed consent. The study was conducted in
accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines and approved by the ethics
committee of the participating centers. Enrolled subjects
were asked to demonstrate the use of their inhalers to the
investigator in a quiet area with a placebo device using the
same modalities that they utilized at home. Observations
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QUICK LOOK
Current knowledge
Regardless of the device used, many subjects have difficulty maintaining proper inhaler technique over time.
Repeated education is required to ensure the persistence
of good inhaler use, but it is unknown whether the time
required to rectify inhaler errors between devices differs.
What this paper contributes to our knowledge
In a large group of subjects with chronic obstructive
airway disease who were experienced in using inhaled
treatment, we found baseline faulty inhaler use. The
mean time of education from trained caregivers required
to rectify inhaler misuse with dry powder inhalers was
lower than with metered-dose inhalers.

were reported in accordance to a standardized predefined
checklist, including a variable number of steps for each
inhaler. For each center, a single trained investigator recorded the modalities of inhaler use; to standardize their
findings, periodic meetings were held with all of the participating observers. Published results focused on critical
errors, which are likely to make inhaled therapy useless.2
Then subjects who performed at least one error were instructed until they were able to demonstrate full mastery
(teaching to goal) with the inhaler(s) erroneously utilized
at baseline. Errors were evaluated in accordance with the
standardized checklist reported in supplementary Table 1
(see the supplementary materials at http://www.rcjournal.
com). We recorded the time from the start of the teaching
session until the end of the first demonstration of proper
inhaler use (ie, all steps were correct). If a subject was
using more devices and performed errors with all these
inhalers, we independently evaluated and recorded the time
of re-education for all devices with faulty technique. As
part of ethics, the participants who did not succeed in
achieving adequate inhaler technique according to the investigator’s judgment were switched to other devices and
received counseling until they could use their inhalers effectively.
Baseline data were analyzed and reported for the subset
of subjects performing at least one inhaler error. Descriptive statistics were used to summarize the subjects’ demographic and clinical characteristics. Unless reported otherwise, results are stated as percentages, means, SE, and
95% CI. P ⬍.05 was considered significant. All analyses
were performed with a multilevel mixed effect linear regression using subjects and centers as random effect variables and other confounders as fixed effect variables (Stata
12 for Windows, Stata Corp, College Station, Texas).
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Clinical and Demographic Characteristics of Study Participants Performing at Least One Error in Inhaler Technique but Able to Achieve
Proper Inhaler Mastery After Instruction

Device

n (%)*

Males, %

Mean
Age ⫾ SD, y

Mean FEV1 ⫾ SD,
% Predicted

Subjects with
Asthma, %

SpO2 ⬍ 90% at
Rest While
Breathing Air, n

Aerolizer
Diskus
HandiHaler
MDI
Turbohaler

27 (33)
199 (43)
219 (43)
532 (63)
169 (47)

63
61
63
55
60

60 ⫾ 16
67 ⫾ 12
73 ⫾ 9
60 ⫾ 17
63 ⫾ 17

61 ⫾ 24
67 ⫾ 20
60 ⫾ 19
67 ⫾ 25
69 ⫾ 21

60
30
9
52
49

3
6
7
11
4

* Refers to the number of users performing at least one inhaler error at baseline demonstration.

Results
This study included 981 subjects with a baseline faulty
inhaler technique with at least one device. They mainly
suffered from COPD (64%) and asthma (33%). Their mean
age ⫾ SD was 64 ⫾15 y, and 61% were males. Some
demographic and clinical characteristics of subjects with
at least one overall error have been reported in Table 1.
Almost 40% of subjects were using more than one type
of inhaler simultaneously; of these, 176 subjects performed
errors with 2 inhalers, and 13 subjects performed errors
with 3 devices. Overall, we obtained 1,282 observations of
inhalation technique with at least one error at the baseline
performance. For the aim of the present study, we restricted the analysis to devices with a minimal sample size
of 20 observations, selecting the 5 inhalers that were the
most commonly used devices in the study period in Italy.
In accordance with the investigator’s judgment of persistent difficulty in achieving a good inhaler technique
despite extensive instruction, a switch to another device
was agreed upon with the 27 subjects (2.1%). The switch
pertained to subjects using the Diskus (Accuhaler, GSK,
Brentford, Middlesex, UK) (n ⫽ 3), HandiHaler (Boeringer
Ingelheim, Ingelheim, Germany) (n ⫽ 8), MDI (n ⫽ 13),
and Turbuhaler (AstraZeneca, Lund, Sweden) (n ⫽ 6) at
baseline. The specific errors leading to the change and the
nature of the switch were not recorded.
The mean time (95% CI) in minutes required for achieving and demonstrating proper inhaler technique is reported
in Table 2. We did not find any difference in the time
required for rectifying misuse in subjects performing errors with 2 or more inhalers versus those with one device.
The role of some variables influencing the time to correct inhaler errors is reported in Table 3. When we performed a multivariate analysis after adjustment for age,
level of education, and diagnosis of asthma for both overall and critical errors, the time required to achieve and
demonstrate proper inhaler technique with MDIs was higher
than with all DPIs, as shown in Tables 4 and 5.
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Table 2.

Mean Time Required for Demonstrating Inhaler Mastery in
Subjects With at Least One Inhaler Error at the Baseline
Performance
Mean Time (95% CI) for Correcting
Errors, min

Device

Aerolizer
Diskus
HandiHaler
MDI
Turbuhaler

Table 3.

All Errors

Critical Errors

7.9 (3.1–12.7)
5.0 (3.6–6.4)
5.3 (3.7–6.8)
8.1 (5.6–10.5)
6.0 (5.0–7.0)

7.3 (1.3–13.2)
5.1 (3.5–6.7)
5.3 (3.6–7.0)
12.2 (8.3–16.0)
6.0 (5.0–7.0)

Variables Affecting Learning Time for Correcting Inhaler
Misuse
Variable

Level of Significance

Increasing age
Lower level of instruction

0.05 min/y; 95% CI 0.03–0.07; P ⬍ .001
0.4 min/schooling level*; 95% CI 0.7–0.1;
P ⫽ .007
1.96 min; 95% CI 1.35–2.58; P ⬍ .001

No previous instruction of
inhaler use
Sex
Hemoglobin oxygen
saturation levels at
rest while breathing air
(SpO2 ⬍ 90%)

0.11 min; 95% CI ⫺0.39 to 0.62; P ⫽ .66
0.37 min; 95% CI 0.39–1.33; P ⫽ .29

* Graded as ⬍6 y, primary school, high school, university.

When we compared DPIs with each other, adjusting for
the same variables, only the HandiHaler required slightly
more time for correcting inhaler errors than the Diskus, as
shown in Table 6.
Discussion
The main strengths of our study are the large number of
participants, the inclusion of several centers with the same
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Table 4.

Difference of Time in Minutes Required for Correcting
Overall Errors Between Metered-Dose Inhalers and Other
Devices

Device

Mean Difference

95% CI

P

Turbuhaler
Diskus
HandiHaler
Aerolizer

⫺0.9
⫺1.4
⫺0.6
⫺3.5

⫺1.6 to ⫺0.2
⫺2.1 to ⫺0.8
⫺1.3 to ⫺0.01
⫺5.1 to ⫺1.9

.01
.001
.047
⬍.001

Table 5.

Difference of Time Required for Correcting Critical Errors
Between Metered-Dose Inhalers and Other Devices

Device

Mean Difference,* min

95% CI

Turbuhaler
Diskus
HandiHaler
Aerolizer

⫺3.6
⫺4.1
⫺3.2
⫺4.5

⫺4.7 to ⫺2.6
⫺5.1 to ⫺3.1
⫺4.2 to ⫺2.3
⫺6.5 to ⫺2.5

* All differences were at the level of P ⬍ .001.

Table 6.

Difference of Time in Minutes for Correcting Critical
Inhaler Errors Between HandiHaler and Other Dry Powder
Inhalers

Device

Difference

95% CI

P

Turbuhaler
Diskus
Aerolizer

⫺0.40
⫺0.86
⫺1.27

⫺1.15 to 0.35
⫺1.47 to ⫺0.26
⫺3.31 to 0.77

.29
.005
.22

standardized method of investigation, and the lack of any
sponsorship from manufacturers.
This study has some weaknesses. First, it was an observational study where assessment was only based on the
investigators’ judgment, although every effort was made
to standardize the observations of inhaler technique and
errors were defined in accordance to a predefined checklist
for all studied devices. Second, although our checklists
were based on literature data and manufacturer leaflets, we
recognize that, to date, there is no full agreement in what
is considered as either an overall error or a critical error.
Third, the type of education may largely influence the time
required for rectifying inhaler misuse. However, of all of
the possible training approaches, a face-to-face practical
demonstration using inhaler placebos until a proper inhaler
mastery was achieved is estimated to be the most effective
method of instruction in real life.7,8,18-20 In our study, the
provision of feedback on how to correct errors was only
qualitative. It has been found that a quantitative approach
may offer better results.21 All investigators were chest
physicians, but we think that the expertise of the instructor more than the role has relevance. However,
prior the study all investigators discussed and achieved
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consensus on inhalation technique of all studied devices.19 The study population may also influence the
average time of instructions for achieving inhaler mastery. Our study only included stable adult subjects mainly
with asthma and COPD. In other settings, such as in the
emergency room or in hospitalized subjects, results might
be different.
The primary finding of this study is that most experienced subjects with faulty baseline technique could achieve
inhaler mastery after proper education. This finding is not
unexpected, because the prescribing physicians could have
already geared the choice of the device toward the best
inhaler in terms of usability. In the present study, we did
not record the specific errors leading to the change and the
nature of the switch of devices. Other works could evaluate this interesting point. However, the key finding of the
study is that the time to demonstrate inhaler mastery with
MDIs was greater than that with DPIs. This was observed
when either critical or overall (critical and not critical)
errors were considered. Notably, whereas the absolute number of errors with MDIs was higher than that with the other
devices, we had previously shown that the rate of critical
errors with MDIs was similar to that with DPIs.2 Hence,
we can conclude that the greater requirement of time for
education with MDIs was independent of the number of
errors performed at baseline. Many clinicians think that
MDIs are more complicated and require more skill to use
than DPIs. Our findings add some further objective results
to this opinion. We have combined all observations of
MDIs into one group; this may not be quite correct, since
MDIs can differ in usage: For instance, only some MDIs
are formulated as solutions, so they do not require being
shaken before use, whereas others are suspensions and
must be shaken. Moreover, they can differ in taste, plume
duration, temperature, and force. Further studies should
investigate this topic.
Among DPIs, the only significant difference in time
required to achieve inhaler mastery was between the
HandiHaler and the Diskus. These devices have a different number of steps for usage. Although we agree that a
comparison between devices with different handling may
seem unnecessary, this occurs in real life.
Technological advancements have permitted the introduction of newer devices with fewer steps for usage, even
with respect to the Diskus. It will be interesting to evaluate
whether this can translate to a lower time of instruction for
achieving mastery not only in naive patients,16,20 but even
in experienced patients unable to maintain a proper inhaler
technique over time.
Conclusions
Because the persistence of a good inhaler technique
may decline over time, caregivers will have sufficient time
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to monitor inhaler techniques at every follow-up visit and
instruct users, when necessary, to maintain inhaler mastery. We have shown that in our setting, the mean time to
rectify inhaler misuse with DPIs was lower than with MDIs.
This finding may be relevant for the choice of inhaler
device.
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