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Abstract. – Background: Asthma guidelines
recommend that patients receive inhaler technique
training, with rechecks at each visit. However, sub-
optimal inhaler technique is common.

Methods: This prospective observational
study evaluated patient training in use of the Au-
tohaler®, a breath-actuated metered-dose in-
haler. Physicians enrolled the first four consecu-
tive, eligible adult patients receiving inhaled cor-
ticosteroid therapy for asthma. Patients demon-
strated their inhaler technique after seeing a
demonstration of proper technique and again af-
ter physicians gave verbal instruction address-
ing individual difficulties in technique. Their first
and last attempts were evaluated using a 12-item
checklist comprising 7 consecutive steps for
correct inhaler use and 5 potential errors in de-
vice handling or inhalation manoeuvre. 

Results: A total of 1723 physicians (91% gen-
eral practitioners) enrolled 6512 patients (mean
age 43 years, 52% male). On their first attempt,
2561/6387 (40.1%) of patients were able to com-
plete all procedural steps correctly and without
error. A poor inhalation manoeuvre was the most
common cause of failure in technique. After edu-
cation, 91.4% of patients were able to complete
all procedural steps correctly and without error.
Training session median length was 4 minutes
(range 0-45 minutes).

Conclusions: Practical training, coupled with
demonstration of inhaler use and observation of
technique by a physician, can help patients to
improve their inhaler technique and appears fea-
sible in every day practice. Further work is need-
ed to evaluate whether patients maintain good
inhaler technique and whether physicians con-
tinue the training sessions in everyday practice. 
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Introduction

Drug delivery by the inhaled route is integral
to asthma therapy, allowing the targeting of med-
ications directly to the site of action in the lung,
thereby maximizing efficacy and minimizing po-
tential adverse effects. However, together with
these advantages inhaled therapy has its disad-
vantages, in particular the difficulty that patients
often experience in using their inhaler devices1.
Worldwide, despite the availability of effective
therapies, asthma is often poorly controlled2,3,
and poor inhaler technique is proposed as one of
the main contributing factors1,4. Theoretically,
however, poor inhaler technique is a factor that
can be corrected1,5,6. 

Suboptimal inhaler technique has been demon-
strated by patients using metered-dose inhalers as
well as those using dry powder inhalers7-9. Stud-
ies have shown that a simple set of written in-
structions is not sufficient to enable patients to
achieve good technique with any inhaler device,
including the breath-actuated inhalers10,11. Both
verbal instruction and inhaler technique training
and assessment are considered necessary as
well10.

Asthma management guidelines recommend
that patients prescribed inhalers should be pro-
vided with inhaler technique training, with re-
assessment of technique at each clinic visit12.
However, inhaler training remains too infrequent,
even in the opinion of health care providers13.
The reasons for this are many, but lack of time is
often proposed as an explanation13.

The objective of this observational study was
to evaluate the impact of training patients with
asthma in the use of the Autohaler® inhaler device
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ing session. Physicians also recorded the number
of times patients attempted the inhalation ma-
noeuvre and the length of time required for pa-
tient training. 

At the end of the visit, patients received writ-
ten instructions on Autohaler use that were per-
sonalised according to their demonstrated inhaler
technique and the errors that had been identified.
The instructions were provided as a self-stick
form that could be attached to the inhaler device.
Patients were asked to complete a questionnaire
regarding prior instruction on inhaler device
technique and their opinion of the inhaler train-
ing session. This self-completed questionnaire al-
so included a shortened version of the Asthma
Control Questionnaire (ACQ) without lung func-
tion testing (the ACQ6)14-16. 

In addition to personalised inhaler instructions
and the patient questionnaire, study instruments
included two questionnaires for physicians. The
first of these was a questionnaire completed by
physicians for each patient, describing the pa-
tient’s sociodemographic characteristics, clinical
asthma profile, therapeutic history for asthma,
reasons for changing device type, and details of
the training session. At the conclusion of the
study after enrolling four patients, each physician
then completed a questionnaire describing their
professional characteristics, general assessment
of the training technique, and opinion on the fea-
sibility of incorporating inhaler device training
for patients in everyday clinical practice. 

Physicians and patients were not compensated
for their participation in the study. Since this was
a non-interventional study, Ethical Review Com-
mittee approval and formal consent were not nec-
essary. However, patients were informed that a
database analysis was done and that they had the
right of access, rectification, and opposition ac-
cording to “la loi informatique et libertés.”

Outcomes and Analyses
The primary study end point was the impact of

inhaler device training on inhaler technique for
patients prescribed the Autohaler device. Sec-
ondary end points were the length of time re-
quired to provide patient training, patients’ opin-
ions on the usefulness of the training session, and
the opinion of physicians as to whether incorpo-
rating a training session for the Autohaler was
feasible in everyday clinical practice. 

Inhaler technique was scored by summing the
number of omitted or faulty procedural steps plus
the number of errors from the check-list. 
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(Teva Santé, Paris, France), a breath-actuated me-
tered-dose inhaler, for delivery of inhaled corti-
costeroids (ICS) and to assess the feasibility of
incorporating the training procedure into every-
day clinical practice in France. In addition, we
evaluated the opinions of both patients and physi-
cians on the usefulness of the training session.

Methods

Study Procedures and Patients
This prospective observational study enlisted

general practitioners and pulmonologists
throughout France. Each physician enrolled the
first four consecutive, eligible patients with asth-
ma who agreed to participate in the study. Physi-
cians were recruited from the national database
on the basis of their willingness to participate.
Their professional characteristics have been as-
sessed a posteriori and do not differ significantly
from the national population of physicians. 

Male and female patients 18 years and older
with asthma, receiving current therapy with ICS
and who were appropriate candidates to receive
ICS by the Autohaler device, were eligible for
the study. Patients who were already enrolled in
another observational study or clinical trial were
excluded. 

During the clinic visit, patients were first giv-
en a demonstration of proper technique for the
Autohaler and were then asked to demonstrate
their inhaler technique. This first attempt was
evaluated using a 2-part, 12-item checklist com-
prising 7 consecutive steps for use of the inhaler
and 5 potential errors in device handling or in-
halation manoeuvre. The 7 steps included the fol-
lowing: 1. remove the cap, 2. hold the device up-
right, 3. raise the lever to the vertical position, 4.
exhale slowly, 5. place the mouthpiece in the
mouth and close lips around it, 6. inhale slowly
and deeply, and 7. breath hold for a few seconds.
The 5 potential errors were as follows: 1. inhal-
ing through the nose, 2. stopping inhalation after
inhaler actuation, 3. lowering the lever before in-
haling, 4. manually pushing the release slide, and
5. forgetting to inhale.

Physicians then provided verbal instruction on
the use of the Autohaler, specifically addressing
missed steps or errors by the patient, and asked
patients to repeat the inhalation manoeuvre as
necessary. The 12-item check-list was used a sec-
ond time to score the last manoeuvre of the train-
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Characteristic n Physicians n = 1723

Age (yr), mean ± SD (range) 1697 50.7 ± 7.6 (26.0-78.0)
Male sex, n (%) 1710 1337 (78.2)
General practitioner, n (%) 1642 1487 (90.6)
Pulmonologist or allergist, n (%) 1642 155 (9.4)
Physician category, n (%) 1694

Secteur 1* 1561 (92.1)
Secteur 2 133 (7.9)

Type of practice, n (%) 1443
Solo practice 645 (44.7)
Group practice 798 (55.3)
Region of France, n (%) 1629

Ile de France 297 (18.2)
Northwest 352 (21.6)
Northeast 337 (20.7)
Southeast 355 (21.8)
Southwest 288 (17.7)

Table I. Characteristics of physicians participating in the study.

*Secteur 1 physicians charge the official rates negotiated with the national health insurance system, secteur 2 physicians have
signed an agreement with the national health insurance system but are free to set their own rates.

for not demonstrating or checking inhalation
technique in everyday practice (n=68). The rea-
sons given included lack of time (43/68, or 63%),
lack of a system for inhaler training (17, or
25%), lack of disposable mouthpieces for train-
ing (15, or 22%), and the belief that pharmacists
should do the training (19, or 28%). 

There were 6512 patients who participated in
the study; their mean age was 43 years, and 52%
were male. Patient demographic and asthma-re-
lated characteristics are summarized in Table II.
Most patients were receiving ICS monotherapy
or ICS in combination with long-acting β2-ago-
nist. The two most common reasons for the
change in therapy to an Autohaler were poorly
controlled asthma and poor inhaler technique
(Table II).

Almost half of patients (2933/6309; 47%) re-
ported that they had never before seen a demon-
stration of inhaler technique. When patients had
seen an inhaler demonstration in the past, it was
most commonly demonstrated by a physician
(2972/3376; 88%) and rarely by a pharmacist,
physiotherapist, or nurse. In addition, 59%
(3721/6301) had never demonstrated the use of
their prior inhaler device for a health care profes-
sional. 

Evaluation of Inhaler Technique and
Outcome of Training

On their first attempt at using the Autohaler, af-
ter seeing a demonstration but before receiving

Statistical Analysis
To evaluate the impact of training on Auto-

haler technique, a repeated measures analysis of
variance (ANOVA) was used to compare the
post-training score with the first score from the
start of the training session. Descriptive statistics
were used to evaluate the length of the training
sessions and to summarize physician and patient
opinions of the training technique. The χ2 test
was used to evaluate factors associated with poor
technique.

Statistical analyses were carried out using
SAS software version 9.1 (SAS Institute Inc.,
Cary, NC, USA).

Results

A total of 1723 physicians, 91% general prac-
titioners, participated in the study. Physician
mean age was 51 years, and three quarters were
male (Table I). Most physicians (1400, or 81%)
reported that before participating in the study
they often or very often explained to patients the
importance of proper inhaler technique for suc-
cess of therapy. However, before the study, just
half (900, or 52%) reported that they often or
very often had patients try the inhaler device at
the time of prescribing, and 902 (52%) verified
inhaler technique often or very often at subse-
quent visits. Few physicians gave their reasons

Results of training for Autohaler use
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Characteristic n Study patients n = 6512

Age (yr), mean ± SD (range) 6512 42.5 ± 16.5 (18.0-96.0)
Male sex, n (%) 6498 3387 (52.1)
BMI (kg/m2), mean ± SD (range) 6423 24.9 ± 4.4 (12.5-65.8)

Current smoker, n (%) 6455 2003 (31.0)
Ex-smoker 6455 1562 (24.2)

Duration of asthma, mean ±SD (range) 6423 14.7 ± 10.9 (0-82.0)
ACQ score, mean ± SD (range) 6250 1.8 ± 1.1 (0-6.0)

Oral corticosteroid course the prior year, n (%) 6439 2747 (42.7)
No. courses, mean ± SD (range) 2691 2.27 ± 2.0 (1-40.0)

Prior hospitalization for asthma, n (%) 6324
Never 4874 (77.1)
Within prior year 223 (3.5)

Prior controller therapy, n (%) 6401
ICS monotherapy 2631 (41.1)
ICS plus long-acting β2-agonist 2903 (45.4)
ICS plus leukotriene modifier 400 (6.2)
ICS plus long-acting β2-agonist plus leukotriene modifier 467 (7.3)

Main reason for change in therapy, n (%) 6512
Poorly controlled asthma 2418 (37.1)
Poor inhaler technique 2174 (33.4)
Step-down in therapy 1302 (20.0)
Oropharyngeal discomfort 745 (11.4)
Patient unsure if receiving medication 729 (11.2)
Other 149 (2.3)

Table II. Characteristics of patients participating in the study.

ACQ, Asthma Control Questionnaire; BMI, body mass index; ICS, inhaled corticosteroid.

of patients with ACQ score ≥4. The ACQ score
is the mean response to 6 questions (0 = total
control, 6 = severe lack of control), and the cut-
point between well-controlled and not well-con-
trolled asthma is approximately 1.516. 

After the inhaler demonstration and first attempt
at using the Autohaler, patients received verbal ed-
ucation and training in technique. On the final at-
tempt of the training session, the mean (SD) num-
ber of correct procedural steps rose from 5.7 (1.7)
to 6.9 (0.8) (p <0.001 for the comparison), and the
mean (SD) number of errors fell from 0.7 (1.0) to
0.1 (0.5) (p <0.001). Overall, 91.4% of patients
were able to complete all procedural steps correct-
ly and without errors (Figure 1), and 91.8% of pa-
tients showed a proper inhalation manoeuvre. 

The median length of the training sessions was
4 minutes (mean [SD], 4.6 [3.5]; range 0-45 min-
utes); and patients performed a median of 2.0
(mean [SD], 2.2 [1.2]; range, 0-11) manoeuvres
during the sessions. Training was assessed as
useful or very useful by 93.2% of patients. The
personalized inhaler instructions were rated as
useful or very useful by 88.7% of patients.

training on inhaler technique, 2561/6387 (40.1%)
of patients were able to complete all seven proce-
dural steps correctly and made no errors (Figure 1).
Table III summarizes the percentage of patients
completing each step correctly and avoiding each
error. The principal causes of failure in technique
were related to a poor inhalation manoeuvre, oc-
curring for 92.6% (3542/3826) of patients with
suboptimal technique, and categorized on the
check-list as stopping the inhalation just after in-
haler actuation (65.4% of patients with errors), no
inhalation (55.8%), lack of breath hold after the in-
halation (47.5%), lack of slow and deep inhalation
(22.0%), and inhalation through the nose (16.7%).

Factors significantly associated (p <0.001)
with suboptimal technique on the first attempt in-
cluded advanced age (especially >50 years), cig-
arette smoking (suboptimal technique by 63.9%
of smokers vs. 57.9% of non-smokers), and poor
asthma control as measured with the Asthma
Control Questionnaire (ACQ). The proportions
of patients with suboptimal technique rose as the
ACQ score rose from 732/1512 (48.4%) of pa-
tients with ACQ score of 0-1 to 174/265 (65.7%)
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Figure 1. Percentage of patients who successfully followed seven procedural steps and committed no errors in technique be-
fore and after an inhaler technique training session.
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Correct technique, n (%)

Study check-list Before training After training

Procedural steps to be followed (n = 6468):
1. Remove the cap 6157 (95.2) 6387 (98.7)
2. Hold the device upright 5833 (90.2) 6378 (98.6)
3. Raise the lever to the vertical position 5700 (88.1) 6376 (98.6)
4. Exhale slowly 4983 (77.0) 6351 (98.2)
5. Place the mouthpiece in the mouth and close lips around it 5730 (88.6) 6377 (98.6)
6. Inhale slowly and deeply 4651 (71.9) 6337 (98.0)
7. Breath hold for a few seconds. 3967 (61.3) 6258 (96.8)

Possible errors to avoid (n = 6386):
1. Inhaling through the nose 5546 (86.8) 6300 (98.7)
2. Stopping inhalation after releasing the puff of medication 4253 (66.6) 6235 (97.6)
3. Lowering the lever before inhaling 5768 (90.3) 6330 (99.1)
4. Manually pushing the release slide 6027 (94.4) 6203 (97.1)
5. Forgetting to inhale 5749 (90.0) 6322 (99.0)

Table III. A comparison of study check-list results before and after training in use of the Autohaler.

p <0.001 (McNemar test) for all comparisons between before and after training.

Discussion

The results of this large prospective observa-
tional study indicate that training in inhaler tech-
nique for the Autohaler was successful for 91.4%
of patients. The institution of an Autohaler train-
ing session in this study appeared to be feasible
within the confines of everyday practice and the

At the end of the study, 98.2% of physicians
concurred that the training sessions addressed a
patient need, and 79.8% responded that they had
sufficient time available during everyday practice
to include training. Most physicians expressed
their intention to continue inhaler technique
training often or very often for the Autohaler
(89.3%) and for other devices (75.6%).

Results of training for Autohaler use
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which assesses a patient’s inhalation manoeuvre
across an inhaler device. However, this device is
not readily available for everyday practice. In ad-
dition, the system has limited application as it
evaluates only inhalation and not inhaler device
preparation and handling nor breath holding at
the end of the maneuver18,19. 

At the end of our investigation, participating
physicians were aware of the importance of in-
haler device training and reported that they were
prepared to continue training sessions for the Au-
tohaler and other devices. This was their declara-
tion of intent, and the study was not designed to
evaluate whether these intentions were put into
practice. Moreover, the fact of participating in
the study could constitute a bias, selecting physi-
cians who already had high awareness of inhala-
tion technique issues.

Physicians themselves may not know the opti-
mal technique for the various available inhaler
devices20-23. It is possible that participation in a
study of this type could improve everyday prac-
tice. Indeed, this study provided physicians with
a practical procedure to use (training the trainer),
in addition to a confirmation of the feasibility of
inhaler training. 

We did not evaluate the effect on asthma con-
trol of inhaler technique training. It is important
to note that poor asthma control was associated
with suboptimal inhaler technique on the pa-
tients’ first attempt during the clinic visit. This
could indicate that these patients were having
difficulty in using their former inhaler device, a
difficulty that then resulted in poor asthma con-
trol24. We did not evaluate or verify whether pa-
tients maintained the inhaler technique that was
established with training. Loss of technique
over time has been reported, and guidelines
stress the importance of reassessments with
each visit10,12. In addition, patients’ routine use
of their inhaler device during daily life may be
different from the technique demonstrated to
physicians25. 

Inhaler technique training should not supplant
other aspects of asthma management that patients
must consider. These include self management
with appropriate action plan, environmental con-
trol measures, and compliance with controller
therapy12,26. Interestingly, repeated instruction on
inhaler technique has been associated with im-
proved compliance with therapy27. Moreover, re-
peated checking and inhaler training for asthma
controller therapy has resulted in improved in-
haler technique and asthma outcomes17,28. 

timeframe of clinic visits, as the mean session
time was only slightly longer than 4 minutes.
Moreover, most patients found the training to be
useful, and most physicians reported that they in-
tended to continue inhaler device training, not
only for the Autohaler but also for other devices.

Verbal instruction, coupled with a demon-
stration of inhaler use and observation of the
patients’ technique by a health care profession-
al, as implemented in this study, is not used of-
ten enough in clinical practice. Before en-
rolling in the study, almost half of patients had
never seen a demonstration of inhaler tech-
nique, and almost 60% had never been asked
by a health care provider to demonstrate their
inhaler technique. 

Practical considerations for instituting regular
training sessions, in addition to having sessions
short enough to incorporate into a clinical visit,
include having both placebo and disposable
mouthpieces available for use in the sessions.
The procedure used in this study provides the pa-
tient with a personalized set of instructions, in-
cluding the steps needing improvement and the
errors to avoid. These personalized written in-
structions were provided with the goal of helping
patients to commit the technique to memory.
Other Authors have used a similar check-list af-
fixed to inhalers to successfully improve inhaler
technique and asthma outcomes17. While this
study did not include a formal evaluation of the
usefulness of the instructions, the majority of pa-
tients judged them to be useful or very useful. 

Inhaler technique training is important for all
patients. However, we found that this training is
especially important for older patients, those who
smoke, and those with poor control of their asth-
ma, as all these factors were identified as being
significantly associated with suboptimal tech-
nique.

The study check-list was designed to be exact-
ing, including not only the individual steps of the
inhaler device procedure but also a list of poten-
tial errors. Despite a challenging set of require-
ments to meet on the check-list, the study results
are encouraging, as 91% of patients showed an
optimal technique after training. The most com-
mon errors were related to the inhalation ma-
noeuvre and were correctable with training.
However, a limitation of this study is that the
physicians’ evaluations of inhalation were sub-
jective. To address this issue, Kamin et al18,19 de-
veloped the Inhalation Manager, a pneumota-
chometer associated with dedicated software,



Conclusion

Many patients in this study had not received
adequate training in use of their inhaler devices
for asthma. Practical training for Autohaler use,
coupled with a demonstration of inhaler use
and observation of the patients’ technique by a
health care professional, as implemented in this
study, can help patients to improve their inhaler
technique. Moreover, the training sessions are
feasible to include in everyday practice, and
both patients and physicians consider them use-
ful. Further work is needed to evaluate whether
patients maintain good inhaler technique over
time and whether physicians continue the train-
ing sessions outside the study setting, in every-
day practice.
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