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Abstract: Inhaled medications are critical in the pharmaceutical management of respiratory conditions,
however, the majority of patients demonstrate at least one critical error when using an inhaler. Since
community pharmacists can be instrumental in addressing this care gap, we aimed to determine the rate
and type of critical inhaler errors in community pharmacy settings, elucidate the factors contributing
to inhaler technique errors, and identify instances when community pharmacists check proper inhaler
use. Fourth year pharmacy students on community practice placement (n = 53) identified 200 patients
where at least one error was observed in 78% of participants when demonstrating inhaler technique.
Prevalent errors of the users were associated with metered dose inhaler (MDI) (55.6%), Ellipta®
(88.3%), and Discus® (86.7%) devices. Overall, the mean number of errors was 1.09. Possession of
more than one inhaler, use of rescue inhaler, and poor control of asthma were found to be significant
predictors of having at least one critical error. In all participating pharmacies, inhaler technique is
mainly checked on patient request (93.0%) and for all new inhalers (79.0%).

Keywords: inhaler technique; inhaler error; community pharmacy; patient education

1. Introduction

Inhaled medications are critical in the pharmaceutical management of respiratory conditions such
as asthma and chronic obstructive pulmonary disease (COPD). Unfortunately, up to 92% of patients
demonstrate at least one critical error when using an inhaler, which can lead to decreased effectiveness
of the inhaled drug [1]. Alarmingly, inhaler technique has not improved in the past 40 years [2]. This
lack of progress is likely compounded by recent advances in inhaler technologies, which has resulted
in a plethora of marketed inhaler devices [3]. Each device requires a different inhalation technique
to enable optimal drug delivery to the lungs. The multiple steps required to operate inhalers leaves
opportunities for user error and thus, sub-optimal medication efficacy. Indeed, patients who make
inhaler technique errors exhibit decreased serum drug levels [4]. Furthermore, inhaler technique
errors have been associated with uncontrolled asthma as well as increased rates of severe COPD
exacerbations [5-7]. Ultimately, poor inhalation technique leads to increased healthcare utilization and
costs [8,9].

Numerous studies have attempted to elucidate the factors associated with inhaler technique errors.
Potential determinants of correct inhaler use include a recent appointment with a respiratory specialist,
using multiple inhalers, novelty of the inhaler, the type of inhaler device, and the age of the patient.
Several research groups found that patients who use multiple inhalers commit more errors than those
who just use one inhaler [10-12]. Unfortunately, the research offers conflicting results. For example,
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one study found experienced inhaler users committed the most inhaler errors [13], while another study
reported that new users had a worse inhaler technique [14]. The relationship between the type of
inhaler device and number of inhaler errors is also unclear. Multiple studies report that more patients
make errors with dry powder inhalers [10,15], while others suggest that patients make more errors
with metered dose inhalers [2,13,16]. The impact of age on proper inhaler technique is another point of
contention, however, a recent systematic review favors a negative correlation between older age and
proper inhaler technique [5,17-19].

The discordant results between studies may be due to the extensive differences in the checklists
used to score inhaler technique. Evidently, 24 different checklists have been used in various studies
to evaluate errors with the Turbuhaler® device, while 16 distinct checklists have been used to assess
technique with the Diskus® device [20]. These checklists differed in the number of steps assessed
as well as which subset of steps were deemed to be ‘critical’ [20]. An additional complication factor
is a vast divergence of how inhaler technique errors, and especially, ‘critical” errors are defined [9].
Usmani et al. proposed defining a ‘critical” inhaler error as “an action or inaction that in itself would
have a definite detrimental impact on the delivery of the drug to the lung” [9,21]. This is in contrast
to a ‘non-critical” error, which is “an action or inaction that in combination with other factors may;,
or may not, contribute to ineffective delivery of the drug to the lung” [9]. Many researchers around the
world have studied inhaler technique errors and tried to elucidate why mistakes are made. However,
research on inhaler technique in Canada is scarce and currently, the rate of patient critical inhaler errors
in Alberta is unknown.

Health care practitioners are also contributing to inhaler technique errors and may be inadvertently
providing patients with poor technique and instructions [22]. One study found that one in four patients
had never received verbal instructions on appropriate inhaler technique [23]. In Canada, many patients
do not receive regular counseling on proper inhaler technique [13]. Health care practitioners are failing
their patients who suffer from pulmonary conditions. Conversely, studies have also shown that health
care practitioners can improve the inhaler technique of their patients and reduce errors [9,18,24,25].
Community pharmacists are particularly situated to regularly check inhaler technique when patients
drop off new inhaler prescriptions or pick up refills. Pharmacist interventions can help to improve the
inhaler technique of asthma and COPD patients [14,26,27]. Furthermore, patients trust and attempt to
follow the pharmacist’s inhaler technique instructions [28]. The patient’s inhaler technique declines
over time and thus, regular checks and counseling is required to ensure therapeutic stability [27].
The Global Initiative for Chronic Obstructive Lung Disease—(GOLD) and Global Initiative for Asthma
(GINA) guidelines stipulate that inhaler technique needs to be assessed regularly, but do not offer
a suggested time frame for re-evaluation [29,30]. One study suggested that pharmacists should conduct
inhaler checks every three months to verify proper inhaler technique [27]. However, it is unknown
how often pharmacists check inhaler technique in real-life community pharmacy practice.

As a component of a pharmacy student practice based research project, we aimed to:

1.  Determine the rate and type of critical inhaler errors in community pharmacy settings in
Alberta, Canada.

2. Elucidate the factors contributing to inhaler technique errors.

3.  Identify instances when community practice pharmacists check proper inhaler use.

2. Materials and Methods

2.1. Study Design

This cross-sectional, observational study was conducted between September 2016 and April
2017 in community pharmacies (n = 97) across Alberta, Canada. Fourth year pharmacy students
(n =122) collected data during their eight-week community pharmacy experiential placement. Prior to
their placement, students were invited to participate in the study and provided with the necessary
resources and training. These final year professional pharmacy students had successfully completed
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their coursework including therapeutics, pharmacology, and practical casework in the skills lab, which
had prepared them to interact with patients with respiratory diseases. In addition, they could rely
on the expertise, support, and supervision of their pharmacy preceptors and the pharmacy program
study researchers while on their placement.

2.2. Pharmacy Students’ Training and Engagement

Prior to their community placement, students attended an information session, where the study
researchers provided details about the study and its rationale, objectives, process of obtaining verbal
consent, data collection and reporting, and benefits of their voluntary participation (i.e., research
experience and patients’ experience). One week prior to their placement, students were sent a reminder
letter about the study and where all necessary resources could be found (i.e., on their online class
profile and through their preceptor). The resources included inhaler information, so the students could
be reminded of their proper use. Preceptors were informed of the study online and by a letter, which
was mailed to the stores together with all necessary forms for the students.

2.3. Inhalation Technique Assessment

A checklist of critical errors (Table 1) was used to assess inhalation technique and was developed in
a two-step process. First, a literature search was performed to identify prior studies aimed at identifying
inhaler errors. We identified a cross-sectional observational study by Melani et al. [31] where device
errors were identified and classified as either critical errors or non-critical errors. In addition to the
observational study, a recent review examining inhaler technique over time was used to create a list of
possible inhaler errors for each of the devices [32]. The list of errors was then reviewed and modified
with the help of a group of seven experienced Certified Respiratory Educators, each with a minimum
of five years’ experience as an Asthma/COPD educator with the Calgary COPD and Asthma program.
Appendix A (Table A1) contains a list of devices, producers, and locations.

Table 1. Types of critical inhaler errors.

Inhaler Device Critical Error Error Number
Patient swallows the capsule 1
Did not load the capsule into the device 2
. Did not puncture the capsule 3
1. Handihaler
Did not release the puncture needle prior to inspiring 4
Did not make the pill rattle when inspiring (low inspiratory effort/ability) 5
Touched the capsule with fingers when removing it from the device 6
Patient swallows the capsule 7
Did not load the capsule into the device 8
Did not puncture the capsule 9
2. Breezhaler
Did not release the puncture needle prior to inspiring 10
Did not make the pill rattle when inspiring (low inspiratory effort/ability) 11
Touched the capsule with fingers when removing it from the device 12
Did not check if the device was empty 13
Did not take the cap off 14
Did not twist the colored grip to load the device 15
3. Turbuhaler
Did not breath out away from the device 16
Did not take a forceful, deep breathe 17
Tipped device over before inhaling thereby emptying out some of the medication 18
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Table 1. Cont.

Inhaler Device Critical Error Error Number
Did not check if the device was empty 19
Did not open the device 20
4. Diskus Did not load the device 21
Did not breath out away from the device 22
Did not take a forceful, deep breathe 23
Tipped device over before inhaling thereby emptying out some of the medication 24
Did not check if the device was empty 25
Did not take the cap off 26
5. Genuair Did not push and release the colored button 27
Patient inhaled when the colored control window was red NOT green 28
Can't actuate the device 29
Did not know the device was empty 30
Did not check to see if the device was empty 31
Did not open the device completely 32
6. Ellipta Tipped the device horizontally so that medication is lost prior to inhalation 33
Did not breath out away from the device 34
Did not close the lid of the device until its clicks closed at the end of use 35
Did not insert the cartridge into the inhaler 36
Did not push the cartridge completely into the inhaler 37
7. Respimat Did not turn the base of the device fully (until click heard) (T= turn) 38
Did not remove the cap (O = open) 39
Did not press the button to release medication (P = press) 40
Did not use the spacer 41
Did not take off cap 42
8. MDI + spacer Teeth or lips block the spacer mouthpiece 43
Use of incorrect mask size (for CPAS) 44
9. Any device = Used expired medication 45

A critical error represents an error that causes the patient to receive zero/reduced drug from the 4device. This list
represents some, but not all of the critical inhaler errors. REMINDER: A patient may still have INADEQUATE
technique without identifying a CRITICAL error.

2.4. Data Collection

To facilitate systematic recording of information, participating students recorded patient
information on a structured field notes guide, which was adapted from prior research on the students’
data collection [33]. The following patient variables were collected: patient respiratory diagnosis
(asthma, COPD, or other), and whether spirometry was used to diagnose asthma or COPD; for asthma:
possession of written asthma action plan (AAP), whether the patient received verbal instructions on how
to adjust inhalers when asthma is out of control, asthma control test score, inhaler(s) used and observed
errors, if any (using the Critical Inhaler Error Checklist), whether one or more inhalers was new in
the last six months, whether the patient had an appointment with a respiratory specialist (physician,
nurse, respiratory therapist), and patient’s age. Typical pharmacist practices were also identified.

The participating pharmacy students were asked to approach up to 15 patients who were
18 years of age or older who were picking up one or more inhaled mediations. Student pharmacists
provided a written information letter and verbally explained the study. After verbal informed
consent was obtained, patients were asked to demonstrate their inhalation technique with their own
device(s) through physical or simulated demonstration and to answer questions about their respiratory
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condition and care characteristics. The technique assessment results, patient-reported data, and
student-reported data were immediately entered in the paper copy or online via the experiential
learning management platform.

2.5. Statistical Analysis

Descriptive statistics were used to characterize the number of critical inhaler errors and patient
factors (i.e., disease, duration of use, number of devices, and appointments with specialists). For patients
with asthma, we were also able to characterize asthma control and the presence of a written or verbal
AAP. The relationship between the number of critical errors and patient factors was examined using the
appropriate statistical test (e.g., t-test, chi-squared test, analysis of variance) with a priori significance
level of p < 0.05. Statistical software SAS, version 9.3 (Cary, NC, USA) was used to conduct analyses.
This study was reviewed and approved by the University of Alberta Health Ethics Research Board.

3. Results

Participating students (n = 53, 43%) recruited a total of 201 patients with data available for
200 patients. Participants were primarily in the age group of 31-50 years (30.5%) and 51-70 years
(34%). In terms of diagnosis, the following distribution was noted: asthma n = 126 (63.0%), COPD
n =52 (26.0%), other n = 19 (9.5%), no answer n = 3 (1.5%). The most common device was the metered
dose inhaler (MDI)/spacer (55.6%), followed by Turbuhaler® (17%) and Discus® (9.3%), with 45%
of participants filling a prescription for two inhalers. Around one-third of participants with asthma
(31.7%) reported their condition being controlled (Table 2).

Table 2. Participants’ characteristics (n = 200 participants).

Characteristics n (%)
Age (years)
18-30 45 (22.5)
31-50 61 (30.5)
51-70 68 (34.0)
>70 24 (12.0)
No answer 2(1.0)
Diagnosis
Asthma 126 (63.0)
COPD 52 (26.0)
Other 19 (9.5)
No answer 3(1.5)
Number of inhaler devices
1 93 (46.5)
2 90 (45.0)
3 17 (8.5)

Asthma Control Test Score 1
(n = 126 with asthma)

0 40 (31.7)
1 29 (23.0)
2 22 (17.5)
3 14 (11.1)
4 15 (11.9)
5 5 (4.0)
Missing Data 1(0.8)

1 A score of one or higher indicates that asthma may not be controlled.
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Almost half of the participants (46.5%) used one device, with a further 45.0% using two devices,
and 8.5% using three inhaler devices. Over half of participants (n = 111, 55.5 %) had spirometry, while
38 (19.0%) did not, and 43 (21.5%) were not aware (responses from eight (4%) participants were not
applicable). For over a quarter of patients (n = 52, 26.0%), their inhaler(s) were new in the last six
months. The majority of participants (n = 127, 63.5%) did not have an appointment with a respiratory
specialist in the last six months (Table 3).

Table 3. Respiratory management (n = 200).

Respiratory Management Characteristic Yes No Don’t Know No Answer
n (%)
All Participants
Spirometry testing 111 (55.5) 38 (19.0) 43 (21.5) 8 (4.0)
New inhaler in the last 6 months 52 (26.0) 140 (70.0) 4(2.0) 4(2.0)

Appointment with the specialist in the

last 6 months 59 (29.5) 127 (63.5) 13 (6.5) 1(0.5)

Participants with Asthma (n = 126)

Written Asthma Action Plan 17 (13.5) 99 (78.6) 10 (7.9) -
Verbal Asthma Action Plan 77 (61.1) 41 (32.5) 7 (5.6) 1(0.8)

The majority (n = 156, 78%) of the participants had at least one critical error identified when
demonstrating inhaler technique, where the mean number of errors was 1.09 (SD = 0.89). Besides
the prevalent error of not using a spacer for MDI (74.4%), other common errors were associated with
Ellipta®, Discus®, and Turbuhaler® with a proportion of patients with at least one error at 75%, 66.7%,
and 49.1%, respectively. Prevalent errors were similar for all three devices: not checking to see whether
the device was empty (Ellipta® = 47.1%, Discus® = 23.3%, Turbuhaler® = 21.8%), not breathing out
away from the device (Ellipta® = 35.3%, Discus® = 46.7%, Turbuhaler® = 25.5%). Discus® user errors
included not taking a forceful, deep breath (16.7%); Handihaler® users touched the capsule with their
fingers when removing it from the device (25%) and did not make the pill rattle when inspiring (20%);
Respimat® users did not push the cartridge completely into the inhaler (14.3%) and did not turn the
base of the device fully (14.3%) (Table 4).

The mean number of errors and the proportion of patients with at least one critical error were
similar for patients of different age groups, although the oldest group (over 70 years) had the lowest
proportion of patients with at least one error (54.2%). The highest proportion was observed in the
group of patients aged 31-50 (83.6%) (Table 5). A similar rate and mean of errors were found among
patients with asthma and COPD (80.2% and 73.1% with at least one error). The proportion of patients
with at least one error was different between participants whose inhaler was new in the last six months
vs. not (69.2% vs. 80.0%). Those with more than one inhaler were more likely to demonstrate an error
(84.1% vs. 70.9%, p < 0.05). Another significant difference in the mean number of errors was observed
between rescue and controller inhalers (75.7% vs. 54.6%, p < 0.01). There was no observed difference in
errors between patients who had a spirometry or who were seen by a respiratory specialist within the
last six months compared to those who did not or were not sure.

For the asthma subgroup, those whose asthma was reported to be controlled had a significantly
lower proportion of patients with at least one error compared to the uncontrolled patients (65% vs.
87.1%, p < 0.01). There was no significant difference observed for those who had an asthma action plan.

The students reported that pharmacists in participating pharmacies checked inhaler technique
on patient request (93.02%) for all new inhalers (79.07%), while providing care plans or medication
management (60.47%); less commonly, the technique was checked for the first refill (27.91%) or for
most refills (11.63%). In over one-third of the pharmacies (37.21%), an inhaler technique check was not
routine. On average, it took 7.7 minutes to assess inhalation technique.
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Table 4. Critical errors by inhaler type (n = 324 inhalers reported).

Total Critical o Users with at Least
Inhaler Users, n Exrors, n (%) Error Type, n (%) One Error, n (%)
4-Did not puncture: 2 (10)
5-No rattle: 4 (20)
. ® .
Handihaler 19 13(65) 6-Touched capsule: 5 (25) 8 (42.1)
41-No spacer: 2 (10)
11-No rattle: 1 (14.3)
® . .
Breezhaler 7 2(28.6) 12-Touched capsule: 1 (14.3) 1(14.3)
13-No check if empty: 12 (21.8)
15-No twist: 2 (3.6)
Turbuhaler® 55 35 (63.6) 16-No out breath: 14 (25.5) 27 (49.1)
17-No deep breath: 6 (10.9)
18-Tipped device: 1 (1.8)
19-No check if empty: 7 (23.3)
Discus® 30 26 (86.7) 22-No out breath: 14 (46.7) 20 (66.7)
23-No deep breath: 5 (16.7)
25-No check if empty: 1 (50)
ir®
Genuair 1 2(100) 29-No actuation: 1 (50) 1/1 (100)
31- No check if empty: 8 (47.1)
Ellipta® 16 15 (88.3) 33-Tipped device: 1 (5.9) 12 (75)
34-No out breath: 6 (35.3)
. 37-Did not push the cartridge: 2 (14.3)
® p g
Respimat 12 4(286) 38-Did not fully turn base: 2 (14.3) 4(333)
41-No spacer: 134 (74.4)
MDI + Spacer 151 140 (77.8) 42-Did not remove cap: 1 (0.6) 119 (78.8)
43-Blocked mouthpiece: 5 (2.8)
Table 5. Critical inhaler errors and associated characteristics.
Characteristic At Least One Critical Error, n (%)  p-Value
Disease (n = 197)
asthma 101/126 = 80.2
COPD 38/52 =73.1 0.53
other 14/19 =73.7
Duration of use
new 36/52 = 69.23 011
old 112/140 = 80 )
Number of devices
one 66/93 = 70.97
two-three 90/107 = 84.11 0.025
Controller (yes no)!
controller 83/152 = 54.6
rescue 109/144 = 75.7 0.0002
Spirometry
yes 86/111 =77.5
no/don’t know 66/81 = 81.5 0.499
Appointment with specialist
yes 46/59 = 77.97 0.99
no 99/127 =779 ’
Asthma control:
trolled (0 26/40 = 65
controlled (0) / 0.004

uncontrolled (1-5) 74/85 = 87.1
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Table 5. Cont.

Characteristic At Least One Critical Error, n (%)  p-Value
Written AAP
yes 14/17 =82.3 0.81
no/don’t know 87/109 =79.8 ’
Verbal AAP
yes 60/77 =779 0.30
no/don’t know 41/48 =85.4 )
Age
1=18-30 35/45=77.8
2 =31-50 51/61 = 83.6 )
3 =51-70 56/68 = 82.3 0.019
4>70 13/24 =54.2

1'n =295 (n = 152 controller, and n = 144 rescue); 2 Tukey’s post-hoc analyses of mean number of errors revealed
significant difference between groups 3 and 4.

4. Discussion

Successful mastery of the inhaler technique is a crucial element of asthma and COPD disease
management. To support patient inhaled therapy, it is important to identify how often errors occur,
who demonstrates errors, and how to intervene. This study aimed to examine the first two aspects of
critical inhaler errors in community pharmacy settings in order to identify possible care gaps, and areas
for improvement. In line with previous studies [1,14,34], the majority of participants had at least one
critical inhaler error and only 10.5% to 31% of patients demonstrated no critical errors. One large-scale
study in Italy [31] found that 12% to 43.5% of participants, depending on the device, had at least
one critical error. Our finding of prevalent errors were similar to Melani’s study, in other words, not
breathing out away from the device (Discus®: 43% vs. 46.7%; Turbuhaler®: 25% vs. 25.4%) and not
taking a forceful, deep breath (Discus®: 28% vs. 16.7%; Handihaler® 26% vs. 20%). Some critical
errors were not addressed in previous studies such as not using a spacer with a MDI, not checking
to see whether the device was empty, touching the capsule with fingers when removing it from the
device (specific to Handihaler®), or errors associated with devices that were not included in those
studies (e.g., Ellipta®, Respimat®). Studies that did not provide data on specific errors for the studied
inhalers [14,34] reported that MDIs, Turbuhaler®, and Discus® had the most prevalent critical errors,
which is consistent with our findings.

Among the factors found to be most highly associated with inhaler errors were the number of
devices used, controller vs. rescue inhaler, and age. On the other hand, disease, duration of use,
spirometry, recent appointment with the specialist, and having a written or verbal AAP were not
associated with a decreased likelihood of critical errors. Although having more devices was found
to negatively affect the mastery of inhaler use, these findings contribute to the disagreement in the
literature [11,31]. When using a rescue inhaler, more patients demonstrated critical errors compared to
the controller inhalers, which might be explained by the patients’ low motivation to use a spacer.

In terms of the effect of prior education, we were not able to observe a significant trend in those
who did not have a verbal AAP or a written one, which is inconsistent with observations from the
study by Melani et al. [31]. In addition, our study found that the age group over 70 years old had the
lowest level of critical errors.

Similar to Melani and colleagues (2011), we found no significant difference in errors between
asthmatics and patients with COPD. We also did not observe a significant difference in errors for those
whose inhaler was new or not, which is different from Ruud’s study, although both demonstrated
frequent errors [14]. A recent appointment with a specialist and knowing whether spirometry was
done did not differentiate patients in terms of their rate of critical errors.

One of the solutions proposed in addressing the high prevalence of critical inhaler errors among
patients with chronic respiratory conditions is the active engagement of community pharmacists.
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They are the most accessible healthcare providers who can effectively identify inhaler technique
errors and use it as a source of targeted education [14,34]. Our study confirmed that both new and
continuous users of inhalers require attention. In addition, one study suggests that it takes at least three
educational sessions by a trained pharmacist to correct inhalation errors [35]. A systematic review
of the effectiveness of inhaler technique interventions concluded that the effect decreases over time,
which signals the need for periodic reinforcement strategies [36].

The present study was a first step in understanding the current state of critical inhaler errors in
community pharmacy settings as well as identifying the current practice of community pharmacists
in terms of checking inhaler technique. Our results are consistent with those of Braido et al., who
found that the act of checking inhaler technique was both selective and rare [37]. Still, research in
Alberta suggests that most patients with asthma were asked if they had any questions or concerns
about a new prescription in 74% of pharmacies, or concerns about a refill in 40% of pharmacies [38].
Conversations such as these provide opportunities for pharmacists in Alberta and around the world to
check on inhaler technique. In our study, pharmacists primarily checked the inhaler technique for
new inhalers and when requested by patients. However, only 11-28% of pharmacists checked the
inhaler technique for patients with refills. We also aimed to shed more light on the factors associated
with poor inhaler technique, as this is still not conclusive. The following future directions and needs
were identified: (1) All patients, regardless of the length of time using inhalers, should be checked
for inhaler technique; (2) Continuous and regular check-ins are needed for those who demonstrate
errors; (3) Barriers to the recommendation for and use of spacers is needed to address this gap, and (4)
Checking inhaler technique must be a required step in reimbursed clinical services such as care plans
and medication reviews as it takes on average less than eight minutes.

Limitations

As previously noted, our checklist did not include all possible inhaler errors; thus, some errors
may not have been captured. In addition, the percentage of patients using some devices was quite
small, limiting the strength of observed data regarding errors and its association with other factors.
Inhaler technique was assessed by the fourth year students who were not otherwise trained to identify
errors except in their required respiratory module and corresponding skills lab, which could have
introduced interrater variability based on the individual student’s knowledge and experiences.

5. Conclusions

In this study, we found that the majority of patients showed at least one critical error when
demonstrating inhaler technique. Not using a spacer for MDI, not checking whether the inhaler was
empty, and not breathing out away from the device were found to be the most common errors. We also
found that the instances with a higher likelihood of inhaler errors (i.e., using a rescue vs. a controller
inhaler) and having uncontrolled asthma were situations where negative patient outcomes are more
common. Most community pharmacies check inhaler technique upon patient request and for new
inhalers, but less commonly when providing care plans or refills. Community pharmacists should be
more proactive in monitoring ongoing inhaler use including the use of spacers among patients with
respiratory conditions as many of them demonstrate critical errors.
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Appendix A

Table A1l. Manufacturer information for products used in the study.

Inhaler Device Manufacturer

Boehringer Ingelheim (Canada) Ltd./Ltee.
1. Handihaler Burlington, Ontario
Canada

Novartis Pharmaceuticals Canada Inc.
2. Breezhaler Dorval, Quebec
Canada

Astrazeneca Canada Inc.
3. Turbuhaler Mississauga, Ontario
Canada

GlaxoSmithKline Inc.
4. Diskus Mississauga, Ontario
Canada

Astrazeneca Canada Inc.
5. Genuair Mississauga, Ontario
Canada

GlaxoSmithKline Inc.
6. Ellipta Mississauga, Ontario
Canada

Boehringer Ingelheim (Canada) Ltd./Ltee.
7. Respimat Burlington, Ontario
Canada

Valeant Canada Lp/Valeant Canada S.E.C.
Laval, Quebec
Canada
8. MDI + spacer +
Trudell Medical International
London, Ontario
Canada

Information available from Health Canada Drug Project Database [39].

References

1.

Chrystyn, H.; van der Palen, J.; Sharma, R.; Barnes, N.; Delafont, B.; Mahajan, A.; Thomas, M. Device errors
in asthma and COPD: Systematic literature review and meta-analysis. NPJ Prim. Care Respir. Med. 2017, 27,
22. [CrossRef] [PubMed]

Sanchis, J.; Gich, I.; Pedersen, S. Aerosol Drug Management Improvement Team (ADMIT). Systematic Review
of Errors in Inhaler Use: Has Patient Technique Improved Over Time? Chest 2016, 150, 394—406. [CrossRef]
[PubMed]

Lavorini, F; Fontana, G.A.; Usmani, O.S. New inhaler devices-the good, the bad and the ugly. Respiration
2014, 88, 3-15. [CrossRef] [PubMed]

Sulaiman, I.; Seheult, J.; Sadasivuni, N.; MacHale, E.; Killane, I.; Giannoutsos, S.; Cushen, B.; Mokoka, M.C.;
Bhreathnach, A.S.; Boland, F; et al. The Impact of Common Inhaler Errors on Drug Delivery: Investigating
Critical Errors with a Dry Powder Inhaler. J. Aerosol Med. Pulm. Drug Deliv. 2017, 30, 247-255. [CrossRef]
[PubMed]

Maricoto, T.; Rodrigues, L.V.; Teixeira, G.; Valente, C.; Andrade, L.; Saraiva, A. Assessment of Inhalation
Technique in Clinical and Functional Control of Asthma and Chronic Obstructive Pulmonary Disease.
Acta Med. Port. 2015, 28, 702-707. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/s41533-017-0016-z
http://www.ncbi.nlm.nih.gov/pubmed/28373682
http://dx.doi.org/10.1016/j.chest.2016.03.041
http://www.ncbi.nlm.nih.gov/pubmed/27060726
http://dx.doi.org/10.1159/000363390
http://www.ncbi.nlm.nih.gov/pubmed/24902629
http://dx.doi.org/10.1089/jamp.2016.1334
http://www.ncbi.nlm.nih.gov/pubmed/28277810
http://dx.doi.org/10.20344/amp.5905
http://www.ncbi.nlm.nih.gov/pubmed/26849753

Pharmacy 2020, 8, 6 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Molimard, M.; Raherison, C.; Lignot, S.; Balestra, A.; Lamarque, S.; Chartier, A.; Droz-Perroteau, C.;
Lassalle, R.; Moore, N.; Girodet, P.O. Chronic obstructive pulmonary disease exacerbation and inhaler device
handling: Real-life assessment of 2935 patients. Eur. Respir. J. 2017, 49, 1601794. [CrossRef]

Price, D.B.; Roman-Rodriguez, M.; McQueen, R.B.; Bosnic-Anticevich, S.; Carter, V.; Gruffydd-Jones, K.;
Haughney, J.; Henrichsen, S.; Hutton, C.; Infantino, A.; et al. Inhaler Errors in the CRITIKAL Study: Type,
Frequency, and Association with Asthma Outcomes. |. Allergy Clin. Immunol. Pract. 2017, 5, 1071-1081.
[CrossRef]

Lewis, A.; Torvinen, S.; Dekhuijzen, P.N.; Chrystyn, H.; Watson, A.T.; Blackney, M.; Plich, A. The economic
burden of asthma and chronic obstructive pulmonary disease and the impact of poor inhalation technique
with commonly prescribed dry powder inhalers in three European countries. BMIC Health Serv. Res. 2016, 16,
251. [CrossRef]

Usmani, O.S.; Lavorini, F; Marshall, J.; Dunlop, W.C.N.; Heron, L.; Farrington, E.; Dekhuijzen, R. Critical
inhaler errors in asthma and COPD: A systematic review of impact on health outcomes. Respir. Res. 2018, 19,
10. [CrossRef]

Rootmensen, G.N.; van Keimpema, A.R.; Jansen, HM.; de Haan, R.J. Predictors of incorrect inhalation
technique in patients with asthma or COPD: A study using a validated videotaped scoring method. J. Aerosol
Med. Pulm. Drug Deliv. 2010, 23, 323-328. [CrossRef]

van der Palen, J.; Klein, ].J.; van Herwaarden, C.L.; Zielhuis, G.A.; Seydel, E.R. Multiple inhalers confuse
asthma patients. Eur. Respir. ]. 1999, 14, 1034-1037. [CrossRef] [PubMed]

Vanderman, A.J.; Moss, ].M.; Bailey, ].C.; Melnyk, S.D.; Brown, J.N. Inhaler misuse in an older adult
population. Consult. Pharm. 2015, 30, 92-100. [CrossRef] [PubMed]

Batterink, J.; Dahri, K.; Aulakh, A.; Rempel, C. Evaluation of the use of inhaled medications by hospital
inpatients with chronic obstructive pulmonary disease. Can. J. Hosp. Pharm. 2012, 65, 111-118. [CrossRef]
[PubMed]

Ruud, K.W.; Ronningen, SW.; Faksvag, PK.; Ariansen, H.; Hovland, R. Evaluation of a structured
pharmacist-led inhalation technique assessment service for patients with asthma and COPD in Norwegian
pharmacies. Patient Educ. Couns. 2018, 101, 1828-1837. [CrossRef] [PubMed]

Al Ammari, M.; Sultana, K.; Yunus, F.; Al Ghobain, M.; Al Halwan, S.M. A cross-sectional observational study
to assess inhaler technique in Saudi hospitalized patients with asthma and chronic obstructive pulmonary
disease. Saudi Med. J. 2016, 37, 570-574. [CrossRef] [PubMed]

Melzer, A.C.; Ghassemieh, B.J.; Gillespie, S.E.; Lindenauer, PK.; McBurnie, M.A.; Mularski, R.A;
Naureckas, E.T.; Vollmer, WM.; Au, D.H. Patient characteristics associated with poor inhaler technique
among a cohort of patients with COPD. Respir. Med. 2017, 123, 124-130. [CrossRef]

Cayo-Quine, A.; Martinez-Vargas, V.; Bustamante-Voysest, R.; Piscoya, A.; Alberca, Y. Incorrect use of
metered-dose inhalers in adult patients at a hospital in Callao, Peru, 2014: Cross-sectional study. Medwave
2015, 15, €6163. [CrossRef]

Bartolo, K.; Balzan, M.; Schembri, E.L.; Asciak, R.; Mercieca Balbi, D.; Pace Bardon, M.; Montefort, S.
Predictors of correct technique in patients using pressurized metered dose inhalers. BMC Pulm. Med. 2017,
17,47. [CrossRef]

Barbara, S.; Kritikos, V.; Bosnic-Anticevich, S. Inhaler technique: Does age matter? A systematic review.
Eur. Respir. Rev. 2017, 26, 170055. [CrossRef]

Basheti, I.A.; Bosnic-Anticevich, S.Z.; Armour, C.L.; Reddel, H.K. Checklists for powder inhaler technique:
A review and recommendations. Respir. Care 2014, 59, 1140-1154. [CrossRef]

Molimard, M.; Raherison, C.; Lignot, S.; Depont, F.; Abouelfath, A.; Moore, N. Assessment of handling of
inhaler devices in real life: An observational study in 3811 patients in primary care. J. Aerosol Med. 2003, 1,
249-254. [CrossRef]

Plaza, V.; Giner, ].; Rodrigo, G.J.; Dolovich, M.B.; Sanchis, J. Errors in the Use of Inhalers by Health Care
Professionals: A Systematic Review. . Allergy Clin. Immunol. Pract. 2018, 6, 987-995. [CrossRef]

Lavorini, F.; Magnan, A.; Dubus, J.C.; Voshaar, T.; Corbetta, L.; Broeders, M.; Dekhuijzen, R.; Sanchis, J.;
Viejo, ].L.; Barnes, P.; et al. Effect of incorrect use of dry powder inhalers on management of patients with
asthma and COPD. Respir. Med. 2008, 102, 593-604. [CrossRef]


http://dx.doi.org/10.1183/13993003.01794-2016
http://dx.doi.org/10.1016/j.jaip.2017.01.004
http://dx.doi.org/10.1186/s12913-016-1482-7
http://dx.doi.org/10.1186/s12931-017-0710-y
http://dx.doi.org/10.1089/jamp.2009.0785
http://dx.doi.org/10.1183/09031936.99.14510349
http://www.ncbi.nlm.nih.gov/pubmed/10596686
http://dx.doi.org/10.4140/TCP.n.2015.92
http://www.ncbi.nlm.nih.gov/pubmed/25695415
http://dx.doi.org/10.4212/cjhp.v65i2.1118
http://www.ncbi.nlm.nih.gov/pubmed/22529403
http://dx.doi.org/10.1016/j.pec.2018.05.018
http://www.ncbi.nlm.nih.gov/pubmed/29805072
http://dx.doi.org/10.15537/smj.2016.5.14369
http://www.ncbi.nlm.nih.gov/pubmed/27146622
http://dx.doi.org/10.1016/j.rmed.2016.12.011
http://dx.doi.org/10.5867/medwave.2015.05.6163
http://dx.doi.org/10.1186/s12890-017-0386-6
http://dx.doi.org/10.1183/16000617.0055-2017
http://dx.doi.org/10.4187/respcare.02342
http://dx.doi.org/10.1089/089426803769017613
http://dx.doi.org/10.1016/j.jaip.2017.12.032
http://dx.doi.org/10.1016/j.rmed.2007.11.003

Pharmacy 2020, 8, 6 12 of 12

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Poudel, R.S; Piryani, RM.; Shrestha, S.; Prajapati, A. Benefit of hospital pharmacy intervention on the
current status of dry powder inhaler technique in patients with asthma and COPD: A study from the Central
Development Region, Nepal. Integr. Pharm. Res. Pract. 2017, 6, 7-13. [CrossRef] [PubMed]

Sandler, N.; Hollander, J.; Langstrom, D.; Santtila, P.; Saukkonen, A.; Torvinen, S. Evaluation of inhaler
handling-errors, inhaler perception and preference with Spiromax, Easyhaler and Turbuhaler devices among
healthy Finnish volunteers: A single site, single visit crossover study (Finhaler). BM] Open Respir. Res. 2016,
3,e000119. [CrossRef]

Hesso, I.; Gebara, S.N.; Kayyali, R. Impact of community pharmacists in COPD management: Inhalation
technique and medication adherence. Respir. Med. 2016, 118, 22-30. [CrossRef] [PubMed]

Nguyen, T.S.; Nguyen, T.L.H.; Van Pham, T.T.; Hua, S.; Ngo, Q.C.; Li, S.C. Pharmacists’ training to improve
inhaler technique of patients with COPD in Vietnam. Int. J. Chronic Obs. Pulm. Dis. 2018, 13, 1863-1872.
[CrossRef] [PubMed]

Kaae, S.; Aarup, K.H.; Sporrong, S.K. Patient responses to inhaler advice given by community pharmacies:
The importance of meaningfulness. Res. Soc. Adm. Pharm. 2017, 13, 364-368. [CrossRef] [PubMed]
Vogelmeier, C.E; Criner, G.J.; Martinez, FJ.; Anzueto, A.; Barnes, PJ.; Bourbeau, ].; Celli, B.R.; Chen, R.;
Decramer, M.; Fabbri, L.M.; et al. Global Strategy for the Diagnosis, Management, and Prevention of Chronic
Obstructive Lung Disease 2017 Report. GOLD Executive Summary. Am. J. Respir. Crit. Care Med. 2017, 195,
557-582. [CrossRef]

Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention. 2018. Available
online: https://ginasthma.org/ (accessed on 20 June 2019).

Melani, A.; Bonavia, M.; Cilenti, V.; Cinti, C.; Lodi, M.; Martucci, P.; Serra, M.; Scichilone, N.; Sestini, P,;
Aliani, M,; et al. Inhaler mishandling remains common in real life and is associated with reduced disease
control. Respir. Med. 2011, 105, 930-938. [CrossRef]

Pritchard, J.; Scurfield, A.; Walker, B. Recent inhaler device switch is not associated with poor inhaler
technique: Analysis of inhaler technique in the adult Calgary COPD and asthma clinic. Chest 2017, 152
(Suppl. A184). [CrossRef]

Guirguis, L.M.; Chewning, B.A.; Kieser, M.A. A randomized controlled trial to evaluate the impact of
structured patient interactions on pharmacy students’ counselling behaviours and attitudes. Int. J. Pharm
Pract. 2009, 17, 53-60. [CrossRef] [PubMed]

Almomani, B.A.; Mokhemer, E.; Al-Sawalha, N.A.; Momony, S.M. A novel approach of using educational
pharamceutical pictogram improving inhaler techniques in patients with asthma. Respir. Med. 2018, 143,
103-108. [CrossRef]

Takaku, Y.; Kurashima, K.; Ohta, C.; Ishiguro, T.; Kagiyama, N.; Yanagisawa, T.; Takayanagi, N. How
many instructions are required to correct inhalation errors in patients with asthma and chronic obstructive
pulmonary disease? Respir. Med. 2017, 123, 110-115. [CrossRef] [PubMed]

Klijn, S.L.; Hiligsmann, M.; Evers, A M.A.A.; Roman-Rodriguez, M.; van der Molen, T.; van Boven, ].EM.
Effectiveness and success factors of educational inhaler technique interventions in asthma & COPD patients:
A systematic review. NPJ Prim. Car Respir. Med. 2017, 27, 24. [CrossRef]

Braido, F.; Chrystyn, H.; Baiardini, I.; Bosnik-Anticevich, S.; van der Molen, T.; Dandurand, R.J.; Chisholm, A.;
Carter, V,; Price, D.; Respiratory Effectiveness Group. “Trying, but failing”—the role of inhaler technique
and mode of delivery in respiratory medication adherence. J. Allergy Clin. Immunol. Pract. 2016, 4, 823-832.
[CrossRef]

Guirguis, L.M. Assessing the knowledge to practice gap: The asthma practices of community pharmacists.
Can. Pharm. ]. 2018, 151, 62-70. [CrossRef]

Drug Product Database online query. Available online: https://health-products.canada.ca/dpd-bdpp/index-
eng.jsp (accessed on 3 January 2020).

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.2147/IPRP.S119202
http://www.ncbi.nlm.nih.gov/pubmed/29354546
http://dx.doi.org/10.1136/bmjresp-2015-000119
http://dx.doi.org/10.1016/j.rmed.2016.07.010
http://www.ncbi.nlm.nih.gov/pubmed/27578467
http://dx.doi.org/10.2147/COPD.S163826
http://www.ncbi.nlm.nih.gov/pubmed/29928117
http://dx.doi.org/10.1016/j.sapharm.2016.03.006
http://www.ncbi.nlm.nih.gov/pubmed/27118658
http://dx.doi.org/10.1164/rccm.201701-0218PP
https://ginasthma.org/
http://dx.doi.org/10.1016/j.rmed.2011.01.005
http://dx.doi.org/10.1016/j.chest.2017.08.215
http://dx.doi.org/10.1211/ijpp/17.1.0008
http://www.ncbi.nlm.nih.gov/pubmed/20218030
http://dx.doi.org/10.1016/j.rmed.2018.09.004
http://dx.doi.org/10.1016/j.rmed.2016.12.012
http://www.ncbi.nlm.nih.gov/pubmed/28137486
http://dx.doi.org/10.1038/s41533-017-0022-1
http://dx.doi.org/10.1016/j.jaip.2016.03.002
http://dx.doi.org/10.1177/1715163517742162
https://health-products.canada.ca/dpd-bdpp/index-eng.jsp
https://health-products.canada.ca/dpd-bdpp/index-eng.jsp
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Pharmacy Students’ Training and Engagement 
	Inhalation Technique Assessment 
	Data Collection 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	
	References

