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Background: Incorrect inhaler use is associated with poorer health outcomes, reduced
quality of life, and higher healthcare utilisation in patients with asthma and COPD.
Methods: We performed an observational study of pressurized metered-dose inhaler tech-
nique in patients with asthma or COPD. Patients were assessed using a six-point inhaler
checklist to identify common critical inhaler technique errors. An inadequate inhaler techni-
que was defined as the presence of one or more critical errors. A multivariate logistic
regression model was used to determine the odds of an inadequate inhaler technique.
Results: During the 14-month study period, 357 patients were enrolled. At least one critical
error was executed by 66.7% of participants, and 24.9% made four or more critical errors.
The most common errors were failure to exhale completely prior to pMDI activation and
inhalation (49.6%), failure to perform a slow, deep inhalation following device activation
(48.7%), and failure to perform a breath-hold at the end of inspiration (47.3%). The risk of
a critical error was higher in COPD patients (aOR 2.25, 95% CI 1.13—4.47). Prior training
reduced error risk specifically when trained by a doctor (aOR 0.08, 95% CI 0.1-0.57) or
a pharmacist (aOR 0.02, 95% CI 0.01-0.26) compared to those with no training. Previous
clinical trial participation significantly reduced error risk and rate: <3 trials (aOR 0.35, 95%
CI 0.19-0.66) and >3 trials (aOR 0.17, 95% CI 0.07—0.42). The rate of critical errors was not
significantly associated with age, sex, or prior pMDI experience.

Conclusion: This study found a high rate of critical inhaler technique errors in a mixed
population of asthma and COPD patients; however, prior training and, in particular, multiple
previous clinical trial participation significantly reduced the risk of errors.
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Introduction

Obstructive airways diseases, including asthma and chronic obstructive pulmonary
disease (COPD), are common worldwide.' Inhaled therapies such as inhaled corti-
costeroids and bronchodilators are the mainstay of treatment of obstructive airways
diseases and are preferential to systemic therapies.” Inhalation with subsequent
airway deposition targets the site of disease, allows for reduced drug exposure, and
minimises the risk of systemic side-effects.” Inhaled therapies in both asthma and
COPD have been associated with a significant reduction in morbidity and mortality,
while non-adherence to inhaler therapy is widely associated with poorer
outcomes.” ' Adherence to inhaled therapy implies both regular as well as the
correct use in accordance with the prescription, using the appropriate technique and
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dosing schedule.**'" The correct device-specific techni-
que is required to optimise drug delivery, which requires
patients to have an understanding and mastery of these
variant skills.* An incorrect inhaler technique is associated
with treatment failure, unnecessary escalation of therapy,
and increased exacerbations with unplanned use of medi-
cal services and hospitalisation.*7:!*"1>

Pressurised metered-dose inhalers (pMDIs) are the
most widely prescribed inhaler devices given their rela-
tively low cost and ability to deliver a wide variety of
bronchodilators, inhaled corticosteroids and combinations
thereof.'®!”  Each

plume is dispensed upon depression of the canister and

standardised metered-dose aerosol

requires coordination of the timing of the canister depres-
sion with a slow and deep inhalation to deliver the drug to
the targeted airways. In addition, a breath-hold at the end
of inspiration is required to optimise deposition, mainly by
enabling sedimentation. If the basic steps of the inhalation
effort (too slow or too fast) or breath-holding are inade-
quate, airway deposition is compromised. Despite their
ubiquity in asthma and COPD management, pMDI tech-
nique is inadequate in the majority of users and may
remain imperfect even after expert training. In a large
study of 5000 structured inhaler technique assessments in
patients with moderate-to-severe asthma, 92% of patients
made at least one potentially important error when using
a pMDL® A meta-analysis of 2634 inhaler technique
assessments from 10 studies revealed that 45.6% of
patients made at least one critical error when using a -
pMDL'® The most common pMDI technique errors
include failure to perform full exhalation prior to drug
inhalation (48%), failure to breath-hold following drug
inhalation (46%), lack of coordination between device
activation and inhalation (45%), and inappropriate inhala-
tion velocity (44%).'” The only African study included in
the aforementioned review revealed correct pMDI use in
only 22.1% of asthmatic patients and found higher educa-
tional attainment and better asthma control to be asso-
ciated with correct pMDI use.*”

The evidence to support device education and inhaler
technique training for improving inhaler technique is het-
erogeneous in terms of the nature of the required interven-
tion, but generally supports the partial effectiveness of
training interventions. A major limitation of interventions
aimed at improving inhaler technique is the lack of stan-
dardised definitions for critical and non-critical errors, and
lack of widely validated checklists for specific devices. In
addition, the threshold for clinically significant error has

not been fully elucidated. The most widely used metrics
for reporting inhaler technique error are the proportion of
patients with one or more critical errors and the average
overall (critical or non-critical) error rate.'® In a systematic
review of 39 randomised studies of the effectiveness of
educational inhaler technique interventions in asthma and
COPD npatients, over 90% reported a significant improve-
ment in inhaler technique which persisted up to the median
follow-up time of 5 months.?' Factors associated with
intervention success included poorer baseline inhaler tech-
nique, educational interventions in the outpatient setting,
and advancing age. The provision of general disease edu-
cation, number or length of intervention sessions, profes-

type of
demonstration vs video demonstration vs oral presenta-

sion of the educator, intervention (live
tion), and format of the education (individual vs group),
had no clear impact on the effectiveness of the
intervention.”’ None of the 39 studies included in the
systematic review was conducted in Africa.

Inhaler technique has been shown to be better within
a clinical trial irrespective of device type.'® Potential
selection bias, specific device-orientated training or the
Hawthorne effect, whereby patients may modify their
inhaler technique in response to their awareness of being
the subject of observation, may be responsible.® It is less
clear whether patients maintain adequate inhaler technique
beyond the clinical trial as no studies, to our knowledge,
have reported follow-up of inhaler technique beyond the
trial period.

This study aimed to evaluate the inhaler technique of
patients with asthma or COPD using at least one pMDI
and to determine if previous clinical trial participation
impacted on current inhaler technique.

Methods

This was a cross-sectional study of pMDI technique in
patients with asthma and COPD at a specialist respiratory
service and clinical trial unit in Cape Town, South Africa.
Consecutive adult patients with a physician diagnosis of
asthma or COPD who were using at least one pMDI were
included in the study. Patients under the age of 18 years,
pregnant women, active clinical trial participants, and
patients with pulmonary tuberculosis were excluded from
the study. As part of the screening lung function assess-
ment, patients were required to demonstrate their pMDI
technique under direct observation. A structured six-point
checklist (Figure 1) had previously been implemented to
consistently evaluate the demonstrated technique and to

submit your manuscript

1218

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2020:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Perumal et al

Critical Step Action

1 Shake the inhaler

2 Complete exhalation

3 Tight seal around the mouthpiece

4 Coordination between device activation and inhalation
5 Slow, deep inhalation

6 Breath-hold after inhalation

Figure | Checklist of critical steps in pMDI technique.

identify errors in accordance with manufacturer specifica-
and the
literature, 3! 1618192229 AJ] observations were con-

tions, international guidelines existing
ducted by qualified clinical technologists trained in device
use. Data on age, sex, diagnosis, duration of pMDI ther-
apy, prior MDI training, and prior clinical trial participa-
tion were captured from medical records. Prior clinical
trials at this facility included the evaluation of new dry
powder devices such as the Ellipta® or Breezhaler®™, sub-
cutaneous biological therapies, or novel use of an existing
dry powder device such as the Turbuhaler®.

All data were analysed using SPSS software (SPSS
25.0, Armonk NY: IBM Corp). For all statistical compar-
isons, a 5% level of significance was used; correspondingly
95% confidence intervals were used to describe effect size.
All data were assessed for normality, and non-parametric
tests were used where necessary. An inadequate inhaler
technique was defined as the presence of one or more
critical errors. A multivariate binomial logistic regression
model was used to determine the odds of an inadequate
inhaler technique and included the following covariates:
age, sex, diagnosis, prior clinical trial participation, dura-
tion of prior inhaler use, and prior pMDI training.

The study was approved and conducted under the over-
sight of the University of Cape Town Faculty of Health
Sciences Human Ethics Research Committee (HREC 430/
2017), and in accordance with the Declaration of Helsinki.
All patients provided written informed consent.

Results

During the study period, 357 consecutive asthma or
COPD patients using a pressurized metered-dose inhaler
were enrolled over a 14-month period. The baseline
characteristics of the study participants are presented in
Table 1. The mean age of participants was 52.5 years

Table | Baseline Characteristics of Study Participants Stratified
by Diagnosis

Characteristics Asthma COPD Total p-value
(N=205) (N=152) | (N=357)

Age, mean(SD) 45.2(15.8) 62.4(8.0) | 52.5(15.6) <0.001*
Sex

Male, n(%) 58(28.3) 96(63.2) 154(43.1) <0.001€
Prior pMDI 15(6-26) 6(3-11) 10(5-20) <0.001¥
experience (years),
median (IQR)
Prior pMDI training

None, n(%) 13(6.3) 19(12.5) 32(9.0)

Doctor, n(%) 165(80.5) 118 283(79.2) 0.20¢

(77.6)

Nurse, n(%) 21(10.2) 11(7.2) 32(9.0)

Pharmacist, n(%) 6(2.9) 4(2.6) 10(2.8)
Prior clinical trial
participation

None, n(%) 150(73.2) 126 276(77.3) 0.09¢

(82.9)
<3 trials, n(%) 34(16.6) 17(11.2) 51(14.3)
23 trials, n(%) 21(10.2) 9(5.9) 30(84)

Notes: *Independent samples t-test, €Pearson chi-square, ¥Mann—Whitney U-test.
Abbreviations: SD, standard deviation; IQR, interquartile range; pMDI, pres-
surised metered-dose inhaler.

(SD 15.6 years), and 56.7% were female. A diagnosis of
asthma was present is 57.4% of participants and of
COPD in 42.6%. Participants had a median of 10 years
(IQR 5-20) prior experience using a pMDI. The majority
(79.2%) reported receiving prior training on pMDI inha-
ler technique by their physician, 9% by a nurse, and
2.8% by a pharmacist. While the majority (77.3%) of
participants had never participated in a clinical trial,
14.3% had participated in fewer than 3 trials and 8.4%
had participated in three or more trials. Participants with
asthma were younger, more likely to be female, and had
longer prior experience on a pMDI than patients with
COPD (Table 1). There was no significant difference in
prior pMDI training exposure and previous clinical trial
participation between participants with asthma and
COPD.

At least one critical error was executed by 66.7% of
participants, and 24.9% made four or more critical errors
(Table 2). The most common errors were: failure to exhale
completely prior to pMDI activation and inhalation
(49.6%), failure to perform a slow, deep inhalation follow-
ing device activation (48.7%), and failure to perform
a breath-hold at the end of inspiration (47.3%).

International Journal of Chronic Obstructive Puimonary Disease 2020:15
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Table 2 Frequency of Critical Errors in All Participants

Step Error Frequency
(N=357)
Shake the inhaler 15.1%
Complete exhalation 49.6%
Tight seal around the mouthpiece 12%
Coordination between device activation 25.2%
and inhalation
Slow, deep inhalation 48.7%
Breath-hold after inhalation 47.3%
Cumulative errors
One or more error(s) 66.7%
Four or more errors 24.9%

Table 3 Multivariate Binomial Logistic Regression Analysis to
Evaluate the Determinants of Inadequate Inhaler Technique

Characteristics Adjusted OR 95% CI p-value

Age 1.0 0.98-1.01 0.61
Sex

Female Reference

Male 0.72 0.42-1.2 0.21
Diagnosis

Asthma Reference

COPD 2.25 1.13-4.47 0.02
Prior pMDI experience 1.01 0.98-1.03 0.66

Prior pMDI training

None Reference

Nurse 0.26 0.03-2.55 0.25

Doctor 0.08 0.01-0.57 0.01

Pharmacist 0.02 0.01-0.26 0.002
Prior clinical trial participation

None Reference

<3 trials 0.35 0.19-0.66 0.001

23 trials 0.17 0.07-0.42 <0.001

Abbreviations: OR, odds ratio; Cl, confidence interval; pMDI, pressurised
metered-dose inhaler.

The multivariate logistic regression model (Table 3)
revealed that the risk of a critical error was significantly
increased in participants with COPD (aOR 2.25, 95% CI
1.13-4.47), and significantly decreased in participants who
were previously trained by a doctor (aOR 0.08, 95% CI
0.1-0.57) or a pharmacist (aOR 0.02, 95% CI 0.01-0.26)
compared to no previous training, and in participants with
prior clinical trial exposure [<3 trials (aOR 0.35, 95% CI
0.19-0.66) and >3 trials (aOR 0.17, 95% CI 0.07-0.42).
The rate of critical errors was not significantly associated

with age, sex, or prior pMDI experience.

Table 4 Frequency of Critical Errors Stratified by Prior Clinical
Trial Participation

Step None | <3 23 Total p-value
Trials | Trials | (N=357)
Shake the inhaler 17% 11.8% | 3.3% 15.1% 0.10*
Complete exhalation 54.3% | 37.3% | 26.7% | 49.6% 0.003
Tight seal around 152% | 0% 3.3% 12% 0.001*
mouthpiece
Coordination between 28.6% 19.6% | 3.3% 25.2% 0.006
device activation and
inhalation
Slow, deep inhalation 57.2% 27.5% 6.7% 48.7% <0.001
Breath-hold after 54.3% | 31.4% 10% 47.3% <0.001
inhalation
Cumulative errors
One or more error(s) | 74.6% | 47.1% | 26.7% | 66.7% <0.001
Four or more errors 29% 15.7% | 3.3% 24.9% 0.002

Notes: *Fisher’s exact test. Pearson chi-square for all other comparisons.

The rate of critical errors showed a graded reduction
with increased prior clinical trial participation for all cri-
tical errors (Table 4). Overall, 74% of participants with 3
or more clinical trials experience had a perfect inhaler
technique compared to 52.9% of those with less than 3
trials experience and only 24.4% of those who had never
participated in a clinical trial. Only 3.3% of the most trial-
experienced participants had a grossly inadequate techni-
que (4 or more errors) compared to 29% of trial-naive
participants. The magnitude of reduction in the error rate
of each step, in participants with no clinical trial experi-
ence versus those with participation in three or more
clinical trials, ranged from 50.8% to 88.5%, with
a statistically significant reduction in five out of six critical
error steps (Table 4).

Discussion

Incorrect inhaler use is associated with poorer health out-
comes, reduced quality of life, and higher healthcare utili-
with asthma and COPD.*”-'*!1
Identifying and characterizing incorrect inhaler use is

sation in patients
a crucial first step toward designing context-specific inter-
ventions for improving inhaler technique. This study of
inhaler technique in a mixed population of asthma and
COPD patients at a specialist respiratory service in sub-
Saharan Africa found, not unexpectedly, a high rate of
critical errors in pMDI use, with over two-thirds (66.7%)
of participants making at least one critical error. Similarly,
a quarter of participants made errors in more than half (>4/
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6) of the critical steps. A novel finding in this study is that
previous participation in a clinical trial was associated
with a 65% (aOR 0.35, 95% CI 0.19-0.66) reduction in
the risk of making an error in one or more of the six steps.
Participation in three or more previous clinical trials
reduced the risk of errors by 83% (aOR 0.17, 95% CI
0.07-0.42).

These findings are alarming for a country with one of the
highest asthma mortality rates and the highest incidence of
COPD in the world.'?**" Identifying inhaler misuse and
improving inhaler technique is a low-cost scalable interven-
tion to improve asthma and COPD care in this resource-
limited setting. The failure of a longer duration of pMDI
use to translate into improved inhaler technique may reflect
the fact that most errors are repetitive and persist over time,
and that patients may be susceptible to overconfidence in
device use which may further perpetuate inhaler misuse.?*~*
Moreover, the gains in experience in inhaler practice over
time may be offset by advancing age, the onset of comorbid-
ities, and disease progression which may all negatively affect
inhaler technique.'”>*3*

Similar to studies in other settings, the most commonly
performed errors were failure of complete exhalation prior to
inhaler use, failure to perform a slow deep inhalation follow-
ing device activation, and failure to maintain a breath-hold
after complete inspiration.'”**2%?>*¢ Errors in exhalation
and in breath-holding have been shown to significantly
reduce drug deposition and may be linked to uncontrolled
asthma.”*~” Although not as frequent, errors in coordinating
device activation with breathing were made in over a quarter
of the participants (25.2%), and confirms this widely-held
disadvantage of pMDIs which has negative consequences for
treatment outcomes.”? These breathing errors were more
common than device handling errors which are more com-
monly seen with DPIs.*? The use of a spacer device may
simplify inhaler use by obviating the need for coordinating
device activation and the correct rate and depth of
inhalation.*® Moreover, spacer devices may enhance drug
deposition in the lung by reducing drug particle velocity
due to air resistance and reducing delivered particle size by
evaporation.>® However, spacer devices are relatively large,
cumbersome, and infrequently carried with patients, which
may limit their use in practice.?” Concerningly, spacer device
use has recently been associated with poorer inhaler techni-
que and lower effective dosing owing to increased task
complexity.*’**

The risk of making one or more critical errors was
increased in COPD (aOR 2.25, 95% CI 1.13-4.47)

compared with asthma and persisted in the model when
adjusted for age, prior inhaler experience, and previous
inhaler training. This finding has been variably reported in
studies comparing inhaler technique in patients with
asthma and COPD.'*!” While a study by Melanie et al
found a higher risk of inhaler technique errors in patients
with COPD, the association diminished after adjusting for
age and prior inhaler training.'* Similarly, no significant
difference in the rate of errors was reported by other
studies comparing inhaler technique in patients with
asthma or COPD1417:23.:29.32.34.39

In our comparison of errors made in individual steps,
participants with COPD made significantly more breathing
errors (failure of complete exhalation, and failure to take
a slow, deep inhalation). It is plausible that these limita-
tions are related to the physiological and mechanical fea-
tures of COPD, including more severe limitations to
airflow, and a higher functional residual capacity.
Furthermore, it has been shown that inhaler errors are
associated with peak flow rate, and patients with COPD
have been shown to have significantly lower peak inspira-
tory and expiratory flow rates than patients with asthma.*
In addition, patients with COPD are more likely to have
co-morbidities such as heart failure, cognitive impairment,
and weak grip strength, which have been associated with
poorer inhaler technique.”****® Age, sex and duration of
prior pMDI experience did not significantly predict the
risk of inhaler technique error and is consistent with pub-
lished studies and systematic reviews.'>!7*

Prior inhaler technique trainer was associated with
a variable reduction in risk of errors dependent on the profes-
sion of the trainer, the best appearing to be a pharmacist (aOR
0.02, 95% CI 0.01-0.26) followed by a doctor (aOR 0.08,
95% CI 0.01-0.57). This is consistent with previous studies
demonstrating the effectiveness of training interventions for
sustained improvement in inhaler use.”"**' Inhaler training
conducted by doctors was associated with a reduced risk of
inhaler errors and has been demonstrated to be a significant
predictor of flawless inhaler technique.”>*° Sadly, the major-
ity of doctors do not check inhaler technique when inhaler
therapy is prescribed, believing instead that this important
intervention will be performed elsewhere within the health-
care system.*>* In this study, training by a pharmacist was
associated with the greatest reduction in the risk for inhaler
errors and is consistent with studies demonstrating high
levels of effectiveness in pharmacist-driven inhaler training
interventions.***® The most appropriate and effective person
to provide inhaler technique training is challenging to
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designate in low-resource settings where the ratio of patients
to doctors or pharmacists are very high. Worryingly, prior
inhaler training by a nurse did not reduce the risk of inhaler
errors in this study (aOR 0.26, 95% CI 0.03-2.55). This has
major implications for nurse-driven primary healthcare ser-
vices, such as in low and middle-income countries, where the
majority of patients access care from a nurse practitioner and
require referral onward to a doctor only in highly selected
cases. This finding likely reflects a lack of training and
opportunity for nurses to learn about inhaler technique, as
the success of the nurse-driven antiretroviral therapy pro-
gramme in South Africa, the largest in the world, is
a reassuring example that task-shifting and upskilling of
primary care nurses is possible.*” Significant training of the
nursing fraternity will be required for a widespread inhaler
technique intervention in a nurse-driven primary care setting.

The major novel finding of this study was that prior
participation in clinical trials significantly reduced the risk
of inhaler errors. Increasing clinical trial participation
incrementally reduced the risk of errors. A perfect inhaler
technique was observed in 25.4% of participants with no
clinical trial experience and in 73.3% of participants
enrolled previously in more than three clinical trials. It is
explicable that participants who have previously partici-
pated in clinical trials have better inhaler technique, as
clinical trials often include frequent standardised high-
quality device education and training. While it is possible
that the lower rate and risk of inhaler errors in participants
with clinical trial experience reflects the selection bias of
clinical trials, the clear graded response of the risk reduc-
tion in error rate with increasing clinical trial participation
(0, <3, > 3) is highly suggestive of a true intervention-like
effect. It has also, to the best of our knowledge, never been
shown that inhaler technique adequacy during clinical trial
participation persists beyond the actual clinical trial per-
iod. This finding highlights a potentially unintended but
advantageous result of asthma and COPD clinical trial
participation. Encouraging patients to participate in clin-
ical trials should always be considered in the interest of
promoting science and access to new interventions, pro-
vided the patient is willing, but this study suggests that
clinical trials may have unintended but beneficial long-
term post-trial consequences. The graded association also
suggests that directed interventions for inhaler technique
training will likely have to be repetitive, intensive, and
prolonged over the course of the patient’s inhaler use, and
that many of the failed inhaler intervention studies may

have just been too short and not intensive enough.**?

This study is one of only a few observational studies of
inhaler technique in Africa®*>® but has some limitations.
Although moderately sized, and conducted in a prospective
observational manner, evaluation of inhaler technique is
subject to inter- and intra-rater variability. This was mini-
mised by using a few select and highly trained lung function
technologists. The association between previous clinical trial
experience and inhaler adequacy may be confounded by the
differential inclusion of participants with adequate technique
into clinical trials. However, the majority of the trials con-
ducted at this site did not require perfect pMDI technique as
a study entry requirement as they were evaluating new dry
powder devices such as the Ellipta® or Breezhaler®, subcu-
taneous biological therapies, or novel use of an existing dry
powder device such as the Turbuhaler®. The association may,
therefore, be better explained by pMDI inhaler technique
being evaluated and reinforced routinely during the trial.
The limited access to clinical trial participation in rural
areas may limit the generalisability of our findings with
regards to trial participation as a potential intervention, but
the implication remains that long-term intensive patient train-
ing is required to impact on inhaler technique. A major
limitation of inhaler technique studies is the lack of consen-
sus on a definition of inadequate inhaler technique, and so-
called critical and non-critical errors. We used a common six-
point checklist including known critical errors demonstrated
to reduce the effective dosing and impact on treatment out-
come. Nonetheless, there remains a desperate need for
further validation of a standardised tool to advance this
field of study.

Poor inhaler technique is common and is relatively
resistant to improvement as demonstrated by many failed
short-term interventions to improve technique. This study
found a high rate of critical inhaler technique errors in
a mixed population of asthma and COPD patients; how-
ever, previous clinical trial participation significantly
reduced the risk of errors. The graded reduction in the
likelihood of errors, as well as error rate, with increasing
trial participation, suggests that long-term intensive inhaler
training and review may be required to impact on inhaler
error rates. Who is best suited to deliver this training, how
often, and for how long, remain unanswered questions in
this field.
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