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ARTICLE

Evaluation of the Use of Inhaled 
Medications by Hospital Inpatients with
Chronic Obstructive Pulmonary Disease
Joshua Batterink, Karen Dahri, Amneet Aulakh, and Carmen Rempel

ABSTRACT
Background: The prevalence of chronic obstructive pulmonary disease
(COPD) is increasing. Patients with COPD are treated with a variety of
inhaled medications. Previous studies evaluating inhaler technique have
had varied results but have generally found high rates of misuse of these
devices. There is a paucity of studies of inhaler technique focusing on
North American patients with COPD who have been admitted to 
hospital.

Objective: To evaluate the inhaler technique of patients with COPD
who have been admitted to hospital and to identify baseline patient 
characteristics and/or inhaler devices associated with poor inhaler 
technique. 

Methods: Patients with a diagnosis of COPD who were admitted to the
hospitalist or internal medicine service at a tertiary care hospital in
British Columbia between October 2010 and April 2011 were 
identified. After giving informed consent, recruited patients 
demonstrated their inhaler technique, which was evaluated with 
standardized checklists. Errors in technique were categorized as either
noncritical or critical. Critical errors were defined as those resulting in
little or no medication reaching the lungs.

Results: Thirty-seven patients (mean age 78 years) participated in the
study. Twenty-two (59%) of the patients made critical errors while
demonstrating their inhaler technique. Patients using metered-dose
inhalers were more likely to make a critical error than patients using
other inhalers (13/14 [93%] versus 9/23 [39%]; relative risk 2.38, 
p = 0.002). On average, 26% of the steps for using an inhaler were 
performed incorrectly. Twenty-three (62%) of the patients reported 
having received previous counselling on inhaler technique, but only 
13 (57%) of these 23 patients had received such counselling in the 
previous 6 months.

Conclusions: More than half of the patients in this study misused their
inhaler devices, and many made critical errors that would result in 
inadequate amounts of drug reaching the lung. Many of the patients
were not receiving regular counselling on appropriate inhaler technique.
Health care professionals should be aware of poor inhaler technique,
should routinely evaluate their patients’ inhaler technique, and should
provide counselling. 

Key words: chronic obstructive pulmonary disease, inhaler technique,
metered-dose inhaler, Diskus inhaler, Turbuhaler inhaler

RÉSUMÉ
Contexte : On observe une augmentation de la prévalence de la maladie
pulmonaire obstructive chronique (MPOC). Les patients atteints d’une
MPOC sont traités par divers médicaments en inhalation. Des études
antérieures évaluant les techniques d’utilisation propres à chaque 
inhalateur ont dégagé divers résultats, mais ont généralement révélé un
taux élevé d’utilisation inadéquate des inhalateurs. Il existe très peu 
d’études sur les techniques d’utilisation des inhalateurs menées 
spécifiquement chez des patients nord-américains atteints d’une MPOC 
et hospitalisés.

Objectif : Évaluer la technique d’utilisation des inhalateurs chez des
patients atteints d’une MPOC qui ont été hospitalisés et déterminer 
les caractéristiques de départ des patients ou les dispositifs d’inhalation 
associés à une mauvaise technique d’utilisation.

Méthodes : On a repéré les patients affectés d’une MPOC qui ont été
admis au service de médecine hospitalière ou au service de médecine
interne d’un hôpital de soins tertiaires de Colombie-Britannique entre
octobre 2010 et avril 2011. Après avoir accordé leur consentement éclairé, les
patients recrutés ont montré leur technique d’utilisation de leur inhalateur,
qui a été évaluée à l’aide de listes de contrôle standardisées. Les erreurs dans
la technique d’utilisation ont été classées comme étant non critiques ou 
critiques. Les erreurs critiques étaient définies comme des erreurs ayant eu
comme résultat que peu ou pas de médicament atteignait les poumons.

Résultats : Au total, 37 patients (âge moyen de 78 ans) ont participé à 
l’étude. De ces patients, 22 (59 %) ont fait des erreurs critiques lors de la
démonstration de leur technique d’utilisation. Les patients qui utilisaient
des aérosols-doseurs étaient plus susceptibles de faire des erreurs 
critiques que ceux utilisant d’autres inhalateurs (13/14 [93 %] contre 9/23
[39 %]; risque relatif de 2,38, p = 0,002). En moyenne, 26 % des étapes
d’utilisation d’un inhalateur ont été effectuées incorrectement. Parmi 
les patients, 23 (62 %) ont indiqué avoir déjà reçu des conseils sur la 
technique d’utilisation de l’inhalateur, mais seulement 13 (57 %) de ces 
23 patients avaient reçu des conseils dans les six derniers mois. 

Conclusions : Plus de la moitié des patients de l’étude utilisaient 
incorrectement leur inhalateur, et beaucoup faisaient des erreurs critiques
qui avaient comme résultat qu’une quantité inadéquate du médicament
atteignait les poumons. Plusieurs des patients ne recevaient pas de façon
régulière des conseils sur la technique d’utilisation appropriée de leur
inhalateur. Les professionnels de la santé devraient être conscients des 
mauvaises techniques d’utilisation des inhalateurs, évaluer régulièrement la
technique d’utilisation des inhalateurs de leurs patients et donner à ces
derniers des conseils sur cette technique. 
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is 
common in elderly populations, and its prevalence has

been on the rise in recent years.1 Treatment is currently limited
to amelioration of symptoms through regimens consisting of
one or more medications administered via inhalation. The
inhalation route provides a wide therapeutic index, but burdens
patients with issues of adherence and inhaler technique. In
some COPD populations, fewer than half of the patients take
more than 80% of their prescribed doses, and the detrimental
effects of poor adherence are compounded by a high prevalence
of poor inhaler technique.2

In previous studies, rates of inappropriate technique have
ranged from 4% to 96%.3,4 Although studies directly correlat-
ing negative COPD outcomes with poor inhaler technique are
lacking, many investigators have shown that the deposition of
inhaled medications is reduced or almost absent in the lungs of
patients with poor inhaler technique.5-8 However, previous
studies have had numerous limitations. For example, most have
included not only patients with COPD but also patients with
asthma or nonspecific respiratory conditions, and most have
been performed predominantly in the community setting.
There is a lack of Canadian data characterizing COPD patients
undergoing treatment in hospital. 

The study reported here was designed to evaluate the
inhaler technique of patients with COPD who were admitted
to a large Canadian teaching hospital and to identify patient
characteristics and/or particular inhaler devices associated with
poor inhaler technique. 

METHODS

Study Participants

The study was conducted from October 2010 to April
2011 at Vancouver General Hospital, Vancouver, British
Columbia, a tertiary-care teaching hospital. The hospital’s 
electronic medication profiles of patients admitted under 
the internal medicine or hospitalist service were reviewed to 
identify patients with prescriptions for inhaled medications.
The investigators aimed to screen profiles weekly between the
months of October and April. After all of the medication 

profiles for a given week had been screened, a random-order list
of potentially eligible patients was generated. Potential 
participants were approached in the order specified in the list.
Some potential participants were not seen because of time 
constraints and their unavailability when contact was attempted.
Potential participants were screened according to prespecified
inclusion and exclusion criteria, and patients who met the
screening criteria were asked to provide informed consent to
participate. The inclusion criteria were diagnosis of COPD and
use of one or more inhaled medications for a minimum of 1
month before admission. Exclusion criteria were diagnosis of
dementia or documented score of less than 23 on the Mini
Mental State Examination, acute delirium or psychosis,
decreased or altered level of consciousness, acute musculoskeletal
injury impairing ability to use an inhaler, and inability to read
or speak English with no translator available. Patients were 
eligible for the study regardless of when they had been 
admitted to the hospital and regardless of whether they were
self-administering their inhaler medications in the hospital or
were receiving assistance from nurses. 

The study was approved by the Clinical Research Ethics
Board of the University of British Columbia. 

Development of Checklists for Assessing
Technique

Checklists were developed for each of the 5 inhaler types
available in Canada: metered dose inhaler (MDI), MDI with
spacer, Turbuhaler (AstraZeneca Canada, Mississauga,
Ontario), Diskus (GlaxoSmithKline, Mississauga, Ontario),
and HandiHaler (Boehringer Ingelheim, Burlington, Ontario).
Each inhaler checklist consisted of 7 to 9 steps that together
were deemed to constitute correct inhaler technique. The steps
in each checklist were derived from previously published
inhaler checklists and manufacturers’ recommendations.2,9-20 As
has been done in previous studies, some steps of the checklists
were defined as critical, with critical errors resulting from their
incorrect execution (Box 1). Critical steps were those for which
incorrect performance would lead to little or no medication
reaching the lungs.10 The critical steps for each inhaler device
were unique, but the majority were related to activating the
inhaler or inhaling the medication. 

Mots clés : maladie pulmonaire obstructive chronique, technique 
d’utilisation des inhalateurs, aérosol-doseur, inhalateur Diskus, 
inhalateur Turbuhaler

[Traduction par l’éditeur]
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The checklists were assessed for inter-rater reliability as 
follows. Two investigators, one of whom subsequently assessed
patients, simultaneously assessed the inhaler technique of 15
consecutive health care professionals. The health care profes-

sionals participating in this aspect of the study did not have any
underlying respiratory disease. All had previously received
training on the proper use of the various inhalers but were not
given any additional training before the assessment. The 2
investigators were both well trained in correct use of inhaler
devices and had received additional training from another
investigator (C.R.), a respiratory therapist. Overall agreement
and Cohen’s kappa were used to assess inter-rater reliability of
checklists for identifying whether a patient made one or more
critical errors, and Spearman’s rho was used to assess inter-rater
reliability for the percentage of steps performed correctly.

Patient Recruitment

One investigator (J.B.) interviewed patients who 
consented to participate to obtain baseline characteristics. The
same investigator then performed all assessments of inhaler
technique according to the previously developed checklists
(Box 1). In addition to the baseline characteristics, patients
were asked when and from whom they had most recently
received counselling. The interview with the patient and 
assessment of inhaler technique followed a prespecified data
collection form, to ensure that all necessary information was
collected. To allow the patients to demonstrate their inhaler
technique without exposure to unnecessary medication, each
patient was given a placebo inhaler or a placebo capsule (for the
HandiHaler device) with which to demonstrate technique. The
assessor did not provide any guidance or feedback until the
patient had finished demonstrating his or her technique with
all of the inhaler types that he or she was using. Data from the
interview and the assessment of inhaler technique were recorded
on the data collection form and then transcribed into an 
electronic spreadsheet for analysis. The baseline characteristics
collected during the interview did not affect how the patient’s
technique was subsequently assessed.

Outcomes

The primary outcome was the proportion of patients 
making at least one critical error. Secondary outcomes were the
mean percentage of steps performed correctly and the inter-
rater reliability of the checklists. 

Statistical Analysis

All data analyses were performed by one of the investiga-
tors (J.B.). The target sample size was calculated to estimate the
rate of the primary outcome with a precision of 10% at a 
confidence level of 95%. We estimated that we would be draw-
ing from a population of 400 eligible patients and thus would
need 78 patients to be included in the analysis. For patients
using more than one type of inhaler device before admission,
inhaler technique for all devices was assessed; one inhaler device

Box 1. Checklists for Correct Technique for Each 
of 5 Inhaler Devices*

MDI
1. Remove cap
2. Shake well
3. Breathe out normally
4. Keep head upright or slightly tilted
5. Seal lips around mouthpiece
6. Inhale slowly, actuating once during first half of

inhalation
7. Continue slow and deep inhalation
8. Hold breath for 5 or more seconds

MDI with spacer
1. Remove caps
2. Shake MDI well
3. Insert MDI into spacer
4. Breathe out normally
5. Seal lips around mouthpiece
6. Actuate MDI
7. Inhale slowly and deeply 
8. Hold breath for 5 or more seconds

Diskus
1. Open to expose mouthpiece
2. Slide lever until click heard
3. Keep level throughout
4. Breathe out normally and away from inhaler
5. Seal lips around mouthpiece
6. Inhale forcefully and deeply
7. Hold breath for 5 or more seconds 
8. Exhale but not through inhaler

Turbuhaler
1. Hold upright without occluding air vents 
2. Turn coloured wheel one way, then back
3. Breathe out normally and away from mouthpiece
4. Seal lips around mouthpiece without occluding air vents 
5. Inhale forcefully and deeply
6. Hold breath for at least 5 seconds
7. Exhale but not through inhaler

HandiHaler
1. Open lid and mouthpiece
2. Place capsule in chamber
3. Close mouthpiece, ensuring click is heard
4. Holding inhaler upright, press blue button fully
5. Breathe out normally and away from inhaler
6. Seal lips around mouthpiece
7. Inhale forcefully and deeply so that capsule vibrates
8. Hold breath for 5 or more seconds
9. Repeat steps 6–8
MDI = metered-dose inhaler.
*Bold indicates steps that are critical, for which incorrect
performance would lead to little or no medication reaching
the lungs.
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was then randomly selected and results for that device were
used for determining the primary outcome. Data from a 
particular type of inhaler were analyzed together, regardless of
whether patients were using them regularly or as needed. For
assessing possible interactions between baseline characteristics
and primary and secondary outcomes, categorical data were
tabulated and compared using Fisher’s exact test; continuous
variables were compared using the Student t test. 

RESULTS

A total of 374 patients were screened, but only 48 patients
were eligible for inclusion in this study (Figure 1). The ratio of
patients screened to patients included was high because the
method used to identify potential participants was not specific
to patients with a diagnosis of COPD. Eleven of the 48 eligible
patients declined to participate, so 37 patients were enrolled
(Table 1). The mean age of participants was 78 years, and 
22 (59%) were women. The patients had been admitted for a
variety of reasons, with only 16 (43%) being admitted for acute
exacerbation of COPD. Only 3 (8%) of the patients did not
speak English. The mean number (± standard deviation) of 
different inhaled medications was 2.4 ± 0.9, and the mean
number of different inhaler devices was 1.8 ± 0.7. Patients had
used their inhalers for an average of 5.6 ± 6.9 years. The major-
ity of the patients enrolled in the study had been in hospital for
less than a week. For the majority of patients, hospital nursing
staff were assisting with administration of inhaled medications.   

Overall, 22 (59%) of the patients made critical errors
while demonstrating inhaler technique, and on average patients
performed 26% of all steps incorrectly (Table 2). The frequency
of correct performance of individual steps for each inhaler is
presented in Figure 2. Patients using the MDI were more 
likely to make a critical error than patients using other inhalers
(13/14 [93%] versus 9/23 [39%]; relative risk [RR] 2.38, 
p = 0.002). There was no significant effect of inhaler type on
the mean proportion of steps performed correctly. Patients’
baseline characteristics were evaluated for interactions with 

Declined to participate  n = 11

Total screened for eligibility 
n = 374

Eligible for inclusion
n  = 48

Enrolled
n = 37

Not eligible for inclusion n = 326

• No diagnosis of COPD (n = 130)
• Diagnosis of dementia (n = 46)
• Unable to speak English and no translator available (n = 36)
• Not self-administering medications at home (n = 34)
• At-home inhaler not available for use in hospital (n = 21)
• Acute psychiatric condition (n = 33)
• Had not used inhaler for at least 1 month (n = 13)
• Acute musculoskeletal injury (n = 5)
• Patient not available for enrolment (n = 8)

Figure 1. Flow diagram for screening and enrolment of patients with chronic obstruc-
tive pulmonary disease (COPD) admitted to a tertiary care hospital.

Table 1. Characteristics of 37 Patients at Time of 
Enrolment

No. (%) of Patients 
Characteristic or Mean ± SD

Sex (no. [%] women) 22 (59)
Age, mean (years) 78
Admitted for acute exacerbation of COPD 16 (43)
Language other than English 3 (8)
Smoking history (pack-years) 45.1 ± 26
Comorbidities
Cardiovascular 33 (89)
Neurological 11 (30)
Psychological 7 (19)

No. of medications (all types) 8.8 ± 3.2
No. of inhaled medications 2.4 ± 0.9
No. of inhaler types 1.8 ± 0.7
Duration of inhaler use (years) 5.6 ± 6.9
COPD = chronic obstructive pulmonary disease, 
SD = standard deviation.
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the rates of the primary and secondary outcomes, but few 
significant interactions were identified. Patients making a 
critical error were using significantly fewer inhaled medications
at home (2.0 versus 2.9, p = 0.003) and significantly fewer 
different types of inhalers (1.5 versus 2.1, p = 0.012), and they
had used their inhalers for significantly longer periods of time
(7.2 versus 3.2 years, p = 0.047).

During the interviews, patients were asked when and from
whom they had last received counselling on inhaler technique.
Twenty-three (62%) of the patients reported having received
counselling, and 13 (35%) had received counselling within the

last 6 months. Of the 23 patients who had received counselling,
10 (43%) had been counselled by a pharmacist and 13 (57%)
had been counselled by a respiratory therapist, physician, nurse,
or respirologist. There were no significant interactions between
previous counselling and the rates of primary or secondary 
outcomes.

The inter-rater reliability of the checklists is presented in
Table 3. Agreement was high (greater than 80%) for all inhaler
checklists during assessment for the presence or absence of a
critical error (Table 3). Kappa values were not consistently high,
and the checklists for the MDI with spacer, the Diskus device,

Figure 2. Percentage of patients demonstrating correct inhaler technique for each step of the 5
checklists. The figure shows data for all inhalers assessed, including multiple inhalers for individual
patients with assessments for more than one type of inhaler.

Table 2. Occurrence of Critical Errors and Percentage of Incorrect Steps by Inhaler

Outcome MDI MDI with Turbuhaler Diskus HandiHaler All Inhalers
(n =14) Spacer (n = 2) (n = 5) (n = 10) (n = 6) (n = 37)

No. (%) of patients with ≥ 1 
critical error 13 (93) 0 (0) 1 (20) 5 (50) 3 (50) 22 (59)

Mean no. critical errors/patient 1.6 0 0.2 0.9 0.5 1.0
Mean % of steps incorrect 34 22 14 28 13 26

MDI = metered-dose inhaler.
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and the HandiHaler device performed better than those for the
MDI and the Turbuhaler device. Spearman’s rho indicated
moderate agreement between assessors for all inhalers except
the Diskus device.

DISCUSSION

In this study, 59% of patients made one or more critical
errors, a greater percentage than in previous studies, for which
rates were between 19.8% and 40.1%.9-11,21,22 A number of 
factors may have contributed to the higher error rate. The 
current study recruited hospital inpatients with COPD, 
whereas previous studies were mostly performed in outpatient
populations. It has been suggested that patients may exhibit
poorer inhaler technique during acute illness because of 
delirium or various metabolic and inflammatory disorders.23

Alternatively, it may be that patients with poor inhaler tech-
nique are more likely to be admitted to hospital. Such patients
may have concomitant diseases or poorly controlled COPD
because of their poor inhaler technique or lack of medication
adherence. Patients included in the current study were general-
ly older than those in previous studies,10,11,21,22 and most, though
not all, previous studies evaluating the effects of age on inhaler
technique have found that older patients make significantly
more errors in inhaler technique.11,12,21,22,24 Prior studies were not
performed exclusively in patients with COPD and also includ-
ed patients with other respiratory conditions. Patients with
COPD have been found to make significantly more inhaler
technique errors than patients with asthma, so it is to be expect-
ed that the error rate in the current study would be higher than
in populations of patients with mixed respiratory conditions.25

With these factors in mind, the authors believe that the critical
error rate identified in this study was accurate for the popula-
tion studied and thus has potentially serious implications. 

As in previous studies, significantly more patients using an
MDI made more critical errors than patients using other
inhaler devices.10,11 Nearly all patients who demonstrated their
MDI technique made mistakes during the processes of 
actuating the inhaler and subsequently inhaling. These steps
have previously been identified as problematic, since patients

are consistently unable to coordinate actuation and inhalation.3

Some authors have suggested that patients cannot learn to 
perform these steps correctly without first watching a demon-
stration.26 However, health care professionals do not routinely
demonstrate inhaler technique to patients, which may 
contribute to the high rate of errors with the MDI.27,28 Poor
MDI technique cannot be ignored, as some medications are
available only via this type of device. For patients who must use
an MDI, it is reasonable to combine the device with a spacer
and to provide regular counselling. Use of a spacer eliminates
the need to coordinate actuation and inhalation, and there is
evidence that the majority of patients using this type of device
have appropriate technique.9 The results of the current study
are concordant with this observation. Patients who are not 
willing to use a spacer may achieve acceptable technique with
counselling that includes demonstration of inhaler technique
and that is repeated at regular intervals.26

This study identified few baseline characteristics associat-
ed with increased rates of errors in inhaler technique. In 
contrast, previous studies found that poor inhaler technique
was correlated with characteristics such as age, sex, and absence
of prior counselling.11,12,21,22,24 The current study recruited fewer
patients than anticipated, which may have resulted in insuffi-
cient power to identify interactions. Differences were identified
between patients making and those not making a critical error,
but the direction of the associations was unexpected. In 
particular, patients who made a critical error had significantly
fewer inhaled medications and inhaler types at baseline and had
been using their inhalers for longer periods of time. It had been
anticipated that patients making a critical error would have
more inhaled medications and inhaler types, which would
make sense intuitively and which has been reported previously.10

These unexpected associations reinforce the ideas that any
patient is at risk of having poor inhaler technique and thus that
all patients using inhalers would benefit from regular review 
of their technique to ensure compliance and adequate delivery
of drug. 

In this study, 62% of patients reported that they had
received previous counselling on inhaler technique, but only

Table 3. Inter-rater Reliability of Checklists

Statistic MDI MDI with Spacer Turbuhaler Diskus HandiHaler
Overall agreement 0.867 0.933 0.867 0.8 1 
Cohen’s kappa† 0.42 0.86* –0.07 0.60* 1.00* 
Spearman’s rho‡ 0.839* 0.673* 0.683* 0.324 0.564* 

MDI = metered-dose inhaler.
*p < 0.05.
†Cohen’s kappa is a measure of agreement that adjusts for chance agreement between observers. It is used with nominal data.
Kappa values close to or below 0 indicate that agreement between observers is not at all or only slightly better than chance. 
Kappa values above 0 indicate agreement better than chance. A kappa value of exactly 1 indicates perfect agreement.
‡Spearman’s rho measures the association between observers and is used for continuous data. A value of 0 indicates no relation
and a value of 1 indicates perfect relation.
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35% of patients had received counselling within the past 6
months. This level of counselling is inconsistent with guideline
recommendations suggesting that health care professionals
ensure the correctness of inhaler technique at each visit and that
inhaler technique counselling be included as part of disease
management education for all patients.29,30 Several factors may
have contributed to low counselling rates. Overestimation of
the quality of inhaler technique is common. A study of 
physicians found that they frequently overestimated how well
their patients were using inhalers,11 and in studies of patients
the majority are confident about their inhaler technique,
despite nearly all subsequently demonstrating at least one 
technique error.25 Health care professionals may not feel 
confident about counselling patients on how to use inhalers
and may therefore avoid doing so. Improper inhaler technique
is common among health care professionals from a variety of
professional backgrounds, including respiratory therapists and
pharmacists, who are commonly called upon to counsel
patients.13,31,32 All health care professionals have a variety of
responsibilities but only limited time to fulfill them. As no 
single health care profession is held accountable for ensuring
that patients have appropriate inhaler technique, each can defer
counselling in the hope that another will perform this task. 

Only 10 patients in this study (27% of the entire sample)
reported having previously receiving counselling from a 
pharmacist. Some authors have noted that pharmacists are in
an ideal position to provide counselling on inhaler technique
because they are trained to provide such counselling, they are
readily accessible to patients, and they are typically the last
health care professionals to see outpatients before they 
self-administer their medications.27 Efforts to improve the rate
and quality of counselling by pharmacists may have a positive
effect on patients’ inhaler technique and may improve patients’
outcomes while reducing system costs.

The preliminary assessment of inhaler checklists revealed
high overall agreement (greater than 80%), meaning that the 
2 assessors in this part of the study usually agreed about
whether there was a critical error. However, kappa values were
not high for all of the checklists. Kappa values can be unreliable
when one of the outcomes is much more prevalent than the
other.33 Nearly all of the 15 health care professionals in this part
of the study made a critical mistake when using the MDI,
whereas almost none made a critical mistake when using the
Turbuhaler. As a result, achieving a high kappa value was
unlikely, regardless of the quality of the checklist. We avoided
any potential effects of variations in assessments of patients by
having a single assessor for that part of the study. 

This study had some limitations that may reduce the 
accuracy and generalizability of the results. First, the adequacy
of inspiratory flow was not objectively assessed. Inhalation that
is too forceful may compromise the delivery of medication by

the MDI, whereas the reverse is true for dry powder inhalers.34-36

Patients’ inspiratory flow was assessed visually, but this form of
assessment has been found to be less accurate than an objective
monitoring system.34 Fortunately, there is evidence suggesting
that patients with COPD generally have adequate inspiratory
flow for the Turbuhaler and Diskus inhalers.35,36 Additionally,
the adequacy of inspiratory flow can be and was assessed for
patients using the HandiHaler device, by noting the unique
rattling sound that emanates from the device when inspiratory
flow is adequate.3 In contrast, patients commonly have 
excessive inspiratory flow when using an MDI.36 Assessing
inspiratory flow rate for patients using the MDI might have
identified additional ways that patients were misusing their
inhalers, but doing so could have affected the primary outcome
only modestly, as most of these patients had already been 
identified as having poor inhaler technique. 

The accuracy of the results may also have been limited by
the Hawthorne effect, whereby people act differently when
they are aware that they are being studied.37 In the current
study, patients may have been motivated to demonstrate 
appropriate inhaler technique because their technique was
being observed, which could have positively biased the results.
Conversely, patients may have been less motivated to use their
inhaler correctly because they knew they were not using a real
medication. It is difficult to know how much and in what
direction the Hawthorne effect might have affected our results. 

The recruitment rate was slower than expected, which
diminished the sample size. This in turn reduced the precision
of the results and limited the ability to examine interactions
between baseline characteristics, types of inhaler devices, and
quality of inhaler technique.

Lastly, the study was limited by the unfortunate exclusion
of some otherwise eligible patients who could not speak
English. Although such patients were included when translators
were available, this was generally not the case and, as a 
consequence, the study population was predominantly English-
speaking. As such, inhaler technique among non-English
speakers remains unevaluated, which again reduces the general-
izability of these results.

CONCLUSIONS

The results of this study indicate a high prevalence of poor
inhaler technique among patients with COPD, especially
among patients using an MDI without a spacer. Patients with
poor inhaler technique are at risk for uncontrolled respiratory
disease, which may lead to escalation of medication doses,
polypharmacy, and increased cost to both themselves and the
health care system. In stark contrast to the frequency of inhaler
misuse is the infrequency of regular counselling on inhaler 
technique. Health care professionals should be aware of this
research and should focus on providing appropriate counselling
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on inhaler technique, in accordance with published guideline
recommendations.
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