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Clinical Commentary Review

Recognizing and Tackling Inhaler Technique Decay ®
in Asthma and Chronic Obstructive Pulmonary
Disesase (COPD) Clinical Practice

Sinthia Bosnic-Anticevich, PhD?, Bruce G. Bender, PhD®, Melinda T. Shuler, MHS®, Mike Hess, MPH¢, and

Janwillem W.H. Kocks, MD, PhD®"%-"
Netherlands; and Singapore

A poor inhaler technique continues to represent a substantial
barrier to effective asthma and chronic obstructive pulmonary
disease management. It can result in perceived lack of treatment
effectiveness even with apparent adherence to a prescribed
regimen of inhaled maintenance therapies, potentially resulting
in an unnecessary change or escalation of treatment. Many
patients are not trained to inhaler mastery in real-world practice;
furthermore, even where mastery is initially achieved, an
ongoing assessment and education are seldom maintained. In
this review, we present an overview of the evidence for
deterioration of the inhaler technique over time after training,
investigate the factors that contribute to this deterioration, and
explore innovative approaches to addressing the problem. We
also propose steps forward drawn from the literature and our
clinical insights. © 2023 The Authors. Published by Elsevier
Inc. on behalf of the American Academy of Allergy, Asthma &
Immunology. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/). (J Allergy
Clin Immunol Pract 2023;11:2355-64)

Key words: Asthma; COPD; Treatment; Management; Inhaler
technique; Patient education
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Inhaled maintenance therapy remains fundamental to the
management of asthma and chronic obstructive pulmonary dis-
ease (COPD). A good inhaler technique is essential to achieving
disease control and improving health."” However, individual
studies on populations with obstructive lung diseases demon-
strated that >80% of patients make >1 inhalation technique
error.” A poor inhaler technique prevents medication from
reaching areas of the lung where it is most effective;” conse-
quently, it has a substantial detrimental effect on clinical out-
comes and economic impacts on health systems’ and should be
assessed before any adjustment to therapy is initiated.”” Despite
long-standing and global recognition that the poor inhaler
technique remains a major problem,”*"” it persists as a signifi-
cant hindrance to the effective management of asthma and
COPD well into the 21st century.

A frequent assessment of the inhaler technique over time is
considered crucial to successful treatment.'*'® However, the rate
of repeated assessment of the inhaler technique is low among
asthma specialists (39.7% “almost always” and 44.9% “often”)
and primary care physicians (16.8% “almost always” and 38.7%
“often”).'” The low rates of inhaler technique reassessment are
further reflected by the suboptimal level of clinician knowledge
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Abbreviations used
COPD- Chronic obstructive pulmonary disease
HCP- Health care professional
INCA- Inhaler Compliance Assessment
MDI- Metered-dose inhaler

of the inhaler technique of health care providers reported over
the past decade.”””!

Specific common technique errors and device-specific errors
also warrant attention. Certain errors have been identified as
being “critical” due to their impact on treatment effectiveness
and/or their potential to affect drug delivery or lung deposition
(Figure 1).>”* Critical errors have been reported to be associated
with poor disease outcomes (eg, increased frequency of exacer-
bations) and increased health care resource utilization in asthma
and COPD.”**?? Such errors may be device-specific, or com-
mon among different device types (Table E1, available in this
article’s Online Repository at www.jaci—inpmctice.org).23

Individual factors can add to the challenge of inhaler use, such
as physical limitations (eg, coordination, manual dexterity, and
inhalation capacity) and comorbidities (eg, age-related cognitive
conditions and visual impairment).”*”” Patient-specific device
selection is therefore crucial and should acknowledge skill and
device preference”® while being repeatedly reviewed over time.

Where does this leave us with regard to inhaler use and disease
management in the 21st century, especially given the prolonged
narrative that has surrounded this concept over many years? We
explored this question by conducting a literature search to
identify relevant clinical trials reporting the rate and degree of
inhaler technique decay in patients with asthma and COPD,
following various technique training interventions (the
“Methods” section in this article’s Online Repository at www.
jaci-inpractice.org). The full lists of search terms used are in
Tables E2 and E3 (available in this article’s Online Repository at
www.jaci-inpractice.org).

Our objectives were to (1) examine the health behaviors and
educational factors associated with deterioration in patients’
inhaler technique, (2) underscore possible strategies to arrest that
deterioration, and (3) highlight areas for further research
including their implementation in real-world settings (eg, clinics
and hospitals). Only once we overcome these fundamental
challenges can we advance the management of chronic obstruc-
tive respiratory conditions and improve outcomes for patients.

IDENTIFYING THE PROBLEM: HOW QUICKLY AND
TO WHAT EXTENT DOES THE INHALER
TECHNIQUE DECAY?

It is abundantly evident that the inhaler technique declines/
decays over time, as shown across many studies in asthma and
COPD, using various inhaler types and methods of identifying
the poor technique (Figure 2).

After inhaler training, an improved technique is typically
observed in the short term as the correct inhaler technique is
mastered. However, this mastery is rarely maintained, and sub-
stantial technique decay occurs somewhere within a 12-month
period after single- or multiple-session educational in-
terventions.”” ”” This clearly indicates that a single training
intervention (either as a single session or short program of ses-
sions) does not ensure durable inhaler technique mastery.

J ALLERGY CLIN IMMUNOL PRACT
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Indeed, there is complete consistency across all studies exploring
this concept, regardless of the checklists used to assess the
technique or the different thresholds used to define a good
inhaler technique. Although some studies reported patients’
performance in terms of the number or proportion of correct or
incorrect steps performed, whereas others required completion of
a minimum number of steps (or a perfect performance) to qualify
as a good technique, all lead to the same conclusion: inhaler
technique mastery is not maintained over time.

OBJECTIVE 1: FACTORS IMPACTING
DETERIORATION IN THE CORRECT INHALER
TECHNIQUE OVER TIME

Factor 1: timing of inhaler education and retraining

If the positive effects of single interventions on the inhaler
technique are accepted to be temporary, repeated instruction is a
logical step to achieve a longer-lasting effect.

However, one-off re-education interventions have been shown
to provide only a temporary improvement in the technique,”’
and although repeated one-to-one inhaler technique retraining
at monthly intervals can sustain device mastery, technique decay
still occurs after longer than 2 to 3 months without further
assessment or instruction.”””’

Passive inhaler technique support via reminder labels applied
after face-to-face training interventions does not completely
ameliorate inhaler technique decay over 1 to 6 months, "
indicating that regular, active, repeated intervention could be
necessary for long-term inhaler technique improvement. Regular
health care professional (HCP) interaction with patients also
provides opportunities to promote adherence, which may in turn
improve clinical and quality of life outcomes.”**’

Factor 2: type of device and ease of use

Different devices are associated with different inhaler tech-
nique errors, but hand-breath coordination/dose administration
is a key problematic step, alongside appropriate breathing.
Important technique failure points differ according to the device;
these include exhalation preactuation, followed by slow deep
inhalation (metered-dose inhaler [MDI]), forceful deep inhala-
tion (Turbuhaler), or steady deep inhalation (Accuhaler), and
holding breath afterward before exhaling away from the device.”
Individualizing training according to device requirements is
important and can impact technique maintenance.'® Recently, a
dedicated inhaler technique optimization service implemented
on a respiratory ward in the United Kingdom found that
improving patients’ inhaler technique and advising on inhaler
device changes resulted in significant reductions in exacerbations,
admissions, and a measurable reduction in length of stay and
admission costs.”®

Although device type and inherent ease of device use are
obvious factors to consider, all device types are associated with an
incorrect technique.zg”z’l”)’5’57 Furthermore, the number of
different devices used, and whether patients switch from one
device to another, also appears to impact correct inhaler use. In a
study including patients using a Diskus (Accuhaler) and an MDI,
21 of 32 patients misused at least one device and 13 of 32
patients misused both devices at 90 days after education.’® The
use of mixed device types may also have a negative impact on
outcomes in patients with COPD, particularly if these require
different inhalation techniques.”


http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
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 Insufficient respiratory effort

* Did not have head tilted such that chin is slightly upward
* Did not breathe out to empty lungs before inhalation

* No breath hold (or holds breath for <3 seconds)

* Did not seal lips around mouthpiece

* Exhaled into device before inhalation

smmmmmme 'Nhalation errors
o

Critical errors EEmmmmmd Priming errors

* Incorrect second dose preparation, timing, or inhalation
* Dose compromised after preparation by shaking or tipping
(DPIs only)

g Actuation errors

* Did not remove cap/slide cover open
¢ Actuation did not correspond with inhalation, actuation
before inhalation (MDI only)

FIGURE 1. Critical inhaler technique errors associated with
COPD, Chronic obstructive pulmonary disease; DP/, dry powder

On-device features can assist inhaler technique maintenance
via immediate feedback or monitoring. Audible signals to assist
the inhalation/dose administration process and enable self-
monitoring between routine clinic visits can improve the
inhaler technique compared with verbal training only in the
community pharmacy and outpatient clinic settings.”””*" More
sophisticated audio inhaler technique data collection is possible:
the Inhaler Compliance Assessment (INCA) device enables an
accurate assessment of the inhaler technique and identification of
critical errors.”! In one study of 62 patients with asthma and/or
COPD, 89% made at least 1 critical technique error as identified
by the INCA device despite having received training by an
expert./'1 In a separate study, data on critical errors (incorrect
device priming, exhalation into the inhaler after priming but
before inhalation, and insufficient inspiratory flow) detected by
the INCA device were used alongside individualized, goal-based
behavioral education for patients with uncontrolled asthma and
were found to prevent an increase in inhaler technique errors
during the month after the intervention.”

Factor 3: mode of inhaler education

The standard mode of inhaler technique education is via
written materials or verbal instruction, which serves as a control
intervention in many studies. Single-session verbal instruction
has only a transient effect on improving the inhaler technique.”’
One-to-one single session training with physical demonstration
of inhaler use was significantly more effective than written in-
struction alone for initial improvement of the tech-
nique.zg’z()’/'z’/|3 However, across several studies, inhaler
technique decay after physical demonstration was apparent over
1 to 3 months after a single training session,”**7%774243

Inhaler technique assessment and training is typically per-
formed using checklists for different inhaler types.””%3%37-7%4545
Checklist assessment presents several potential ~challenges,
including the variety of checklists used, and the use of different
measures and thresholds to quantify the adequate technique across
studies. It could be useful to identify a minimal number of
“essential” steps.”>** Even so, improvement of the technique
identified by checklists may still not guarantee the ideal use of
devices in terms of characteristics such as peak inspiratory flow.””

Regarding teaching style, although different modes of inhaler
education may initially differ in terms of effectiveness, the

clinical outcomes of disease control in asthma or COPD.??
inhaler; MD/, metered-dose inhaler.

long-term outcomes are similar, that is, a decline in the inhaler
technique over 1 to 3 months after achievement of device
mastery.28’33’37’38’4"2”45 Video instruction is more convenient
than one-to-one teaching and can be as effective in improving the
inhaler technique immediately after training.** However, tech-
nique decay still occurs and is apparent by 1 to 3 months after
training./'z’/'/' Multidimensional ~ education  interventions,
including education, face-to-face demonstration, and regular
follow-up, are also effective in the short term. %

Video education for the inhaler technique has potential to
meaningfully improve access to inhaler training at the conve-
nience of the user, but lacks the interactivity of one-to-one
training. Home monitoring of the inhaler technique may also
increase the convenience of inhaler use education. Although
monitoring via smartphone videos sent to a remote pulmonol-
ogist did not prevent technique errors from the day after initial
education and during the next month,*> live-remote assessment
and instruction via video telemedicine has been shown to
effectively improve the inhaler technique”” and may provide a
convenient alternative to in-person training, especially for people
without convenient or regular access to HCPs. Most recently,
approaches such as on-demand online videos and smartphone
apps have been explored for individualized inhaler training.*®*’

Factor 4: personnel and venue for inhaler education
Although not specifically studied, given the fact that at any
one time a patient may be receiving health care from a number of
different health care providers, it may also be important to
consider the venue in which the inhaler education is being
conducted and the specific personnel administering the training.
Training delivery has been studied in various settings,
. . . L. 27083843 .o :
including hospital clinic, university campus or hospi-
32,42 . . .
tal,>>** doctor’s office,** and monitoring at the patient’s
45 )
home.”” The community pharmacy has been frequently used as a
training venue, as these are a convenient and available venue for
29,31,33,37 Q: - o .
regular HCP contact. Similarly, training delivered by
different specific personnel has been investigated, including
: 29731,33,37.50 ;
pharmacists or pharmacy student researchers, respi-
.51 o 30,45 s 34,52
ratory therapists,” pulmonologists, specialist nurses, or
. . 28.38.44
trained researchers/research assistants.”>**** However, post-
training inhaler technique decay has been identified in all of
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Time from training

Training

Indicator
of technique
decay

24 hours
after training

1 month
after training

Incorrect Mean 3.1/10 50% decrease in
technique from reduction in proportion of patients
mastery steps correctly displaying correct

completed (n=30)
[Dhadge 2020]

technique (n=238)
[Azzi 2017]

39% decrease in
proportion of patients

after training

90% decrease in
proportion of patients
displaying correct
technique following
provision of written
and verbal
instruction (n=25).

3—-4 months
after training

6 months
after training

2 months

~2/9 point decrease
in mean checklist
score among
patients not
receiving active
intervention (n=44)
[Basheti 2017]

displaying correct 20% decrease following 13-38% displaying
technique (n=127) education with physical correct-technique
[Ovchinikova 2011] demonstration (n=27) at 4-month
[Bosnic-Anticevich follow-up (n=40)
2010]" [Harnett 2014]
Inhaler misuse Rates of misuse* of Up to 83% decrease

following 54-70% (n=120) in ‘correct essential’
education [Press 2016] technique (4 steps,
Turbuhaler) (n=18)
[Basheti 2017]
Decrease in 0.25/8 reduction Median decrease of Loss of significant
correct steps in MDI technique 1/8 in steps completed benefit of one-to-one
performed steps performed correctly (n=117) and video instruction
following correctly (n=46) [Jolly 2015] vs no instruction (n=30)
education [Carpenter 2015]t [Dominelli 2012]

FIGURE 2. Summary of reported findings on inhaler technique decay during the 6 months after training. *Defined as completing
<75% of steps correctly; tPediatric study. MD/, Metered-dose inhaler.

these studies and does not appear to be consistently influenced
by training venue or personnel.

OBJECTIVE 2: CONSIDERATIONS FROM
SUCCESSFUL INTERVENTIONS FOR POSSIBLE
STRATEGIES TO ARREST INHALER TECHNIQUE
DETERIORATION

An overview of key learnings for inhaler technique education
is provided in Figure 3. Several recurrent themes were apparent
across the breadth of inhaler technique research, allowing us to
identify aspects of interventions associated with long-term
effectiveness. In no particular order, these include:

(1) Clear need for repeated retraining, with ongoing technique
reminders, feedback, and/or coaching (written or via tech-
nology), is necessary to improve/maintain the technique over
L $729,31,32,43
time.

(2) In-person inbaler technique retraining can be successfully
delivered by a wide range of HCPs, including pulmonologists,
respiratory therapists, nurses, and pharmacists.z()ﬁ1’33’45’5I’52

(3) Effectiveness of practical demonsiration for initial retrain-
ing,29’43 while acknowledging that on-demand video and
telehealth counseling are also effective methods to deliver
ongoing long-term education.*”*’ Different patient pop-
ulations may benefit from different modes of education.

(4) Patient motivation is a key factor in the practice of a §00d
inhaler technique and good adherence to therapy.””” An
individualized or personalized element to educational in-
terventions (whether face-to-face or via technology) may be
key to achieving durable improvement for certain patients.

(5) Allowance for social determinants of health by tailoring
educational interventions to suit different cultures and levels
of health literacy, which may be essential for successful in-
terventions in specific populations.'"”® The wider appreci-
ation of individual patients’ situations and settings should
underpin all health interventions.

(6) Development of novel technological solutions for monitoring
and improving the inhaler technique, incorporating the
concepts of acceptability and utility for individuals of
different races, ethnicities, socioeconomic groups, ages,
genders, and literacy levels, is an important consideration for
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Overview of key learnings for inhaler technique education

transient benefit

without instruction
Timing of inhaler education

and re-training

©

Type of device

and ease of use across device types

(N
(1))
"\

Mode of
inhaler education

patient’s home

Personnel and venue
for inhaler education

o

Individual and cultural

suitability of inhaler education inhaler technique

* A single training session has limited,

» Regular monthly re-training can
maintain inhaler technique, but
decay occurs following periods

Hand-breath coordination/dose
administration, exhaling pre-actuation,
appropriate inhalation type for the
device, and holding the breath
afterwards and exhaling away from the
device are the key steps commonly
associated with poor inhaler technique

One-to-one single training with physical
\ /! demonstration is significantly more
effective than written instruction alone

Checklist assessment of inhaler
technique is common, but not
standardized for content of steps or
measurement of adequate technique

Venues utilized for inhaler technique
training include: community pharmacy,
hospital clinic, university campus or
hospital, doctor’s office, and

* Regular, active, repeated intervention
could be necessary for long-term
inhaler technique improvement

« Ease of use varies between device types and
patients: device preference is patient-specific

«» Use of multiple devices and different devices
appears to negatively impact inhaler technique

» Feedback and monitoring features integrated
into devices may assist maintenance of good
inhaler technique

« Video education for inhaler technique
is convenient and accessible, but
lacks interactivity

« Live video inhaler technique assessment
and monitoring may provide a convenient
and accessible alternative to in-person
training, especially in remote locations

* Post-training inhaler technique decay
has been identified in all settings,
with all types of training personnel

Educational interventions and material
used should be tailored to suit each
individual's culture, level of literacy
and health literacy, and socioeconomic
background or personal situation,

for greatest likelihood of successful
maintenance/improvement of

FIGURE 3. Overview of key learnings for inhaler technique education.

digital health platforms and applications.”* Although there is
evidence for acceptance of, and positive perception toward,
electronic medication monitoring devices among patients
with asthma and their caregivers,ss‘57 their design and utility
must be adaptable to the different socioeconomic, educa-
tional, and cultural circumstances of the intended users.

Suggestions for critical aspects of approaches to improve and/
or maintain patients’ inhaler technique are provided in Figure 4.

OBJECTIVE 3: IMPLEMENTING RETRAINING AND
AREAS FOR FURTHER RESEARCH

Although a good inhaler technique is commonly acknowl-
edged as a fundamental part of inhaler therapy, there is little

guidance for clinicians on the optimal ways to educate patients,
to help them maintain a good technique beyond “monitor
regularly,” and on the individualization of inhaler technique
education to account for socioeconomic and psychosocial factors.
Standardized, actionable guidelines are urgently required so
physicians are confident about the general need for inhaler
technique optimization with their patients and about how and
when to go about it. Focusing monitoring and in-person
retraining on specific patients according to the need may also
help alleviate time pressure on HCPs and health care system
capacity, which is a finite and valuable resource.

Rural populations have been inadequately studied despite asthma
prevalence that may be comparable to that observed in inner cities,
and further investigation is required in this setting. Remote access to
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Initial inhaler
training

Sub-optimal
inhaler technique

| Left unchecked/
uncorrected

TLeft unchecked

Good inhaler
technique

Poor disease control/
clinical decline

Unnecessary
dose changes

A4

Potential for
overmedication

Unnecessary
drug changes

v

— Suboptimal practice

* v

Regular inhaler technique
assessment and correction
A

Maintained or improved
disease control

— |deal practice

Appropriate drug

A4

Clinical decline despite
good technique

or dose adjustment

N Change of

device type

« Acceptable to patient

» May incorporate technique + Ongoing technique reminders/immediate

monitoring/feedback feedback may be useful
Device Timing

* In-person instruction by HCPs (pulmonologists, « Patient motivation is a key factor to good

nurses, pharmacists) with feedback &) inhaler technique and adherence to therapy
ARR » Practical demonstration or on-demand * Personalized elements (face-to-face or digital)
video/telehealth with feedback/follow-up may be highly effective
Mode Motivation

=

* Repeat at least every 2-3 months

FIGURE 4. Overview of factors informing need for ongoing inhaler technique education and contributing to effective maintenance of a

good inhaler technique. HCP, Health care professional.

education and counseling has obvious benefits for patients (both
rural and inner-city) who have difficulty in traveling or arranging
face-to-face appointments. Inhaler training via video has demon-
strated high acceptance among rural patients with COPD or
asthma.”® Patients have been shown to maintain the improved
inhaler technique and adherence 1 month after video training,””
The findings of these studies reflect the value of digital technology
to support and potentially expand access to individualized inhaler
training; however, they did not address ways to sustain adherence
and mitigate technique decay over the long term.

Evolving digital technologies might potentially help overcome
barriers to inhaler technique education and monitoring for pa-
tients. Video-based checking of the technique via smartphones is
a practical intervention that can highlight technique errors” and
could be done on a remote, ongoing basis, with checks
decreasing in frequency as a consistent correct technique is
demonstrated. Digital health platforms have been associated with
improvements in the inhaler technique in patients with COPD®'
and asthma®” and are capable of providing feedback and support
at every dose. Smart health platforms and digital inhalers with
integrated sensors capable of identifying specific problems with
inhaler use and supporting individualized counseling are likely to
gain greater uptake in the future. However, the design and
implementation of these interventions must be individualized to
maximize the chances of effective uptake. Furthermore, over-
coming practical barriers to the utility of digital interventions in
the clinic, and ensuring that these technologies decrease the
burden associated with chronic respiratory disease and its treat-
ment rather than adding to it, will entail the develog)ment and
execution of innovative implementation strategies.63’ ‘

CONTEXTUALIZING INHALER TECHNIQUE
EDUCATION

Asthma outcomes are strongly influenced by patients™ social
and economic situation.’” The inhaler technique is no exception,
and disparities in opportunities to receive training and retraining
are clearly an important factor. A poor inhaler technique in pa-
tients with asthma and COPD has been linked to lower socio-
economic class,’>®” lower educational level,®®®’ joblessness,(’9
and age and age-related comorbidities.”” For children, higher
levels of parental education are associated with a better inhaler
technique and better asthma control in combination with lower
levels of stigma.”’ A poor inhaler technique may also result from
inadequate communication between patients and clinicians,”'
along with insufficient time available for physicians to train
patients.ni3

A poor inhaler technique impacts treatment efficacy and
treatment adherence. Unintentional nonadherence (eg, through
lack of skill and/or knowledge, or lack of access to treatment or
training) can be approached using better educational in-
terventions, regimen adjustments, or adherence aids. Intentional
nonadherence is harder to address as it encompasses patients’
behaviors, motivations, and personal beliefs regarding disease and
therapy. In particular, patient motivation may have a consider-
able impact on correct inhaler use.”” The quality of physician-
patient communication and the strength of the relationship are
key to improving patient outcomes including adherence, self-
efficacy, and satisfaction.”*”® Motivational interviewing, as part
of a multicomponent intervention, has been associated with
improvements in adherence and inhaler skills, though the level of
certainty is low.””



TABLE I. Characteristics of highly relevant articles

Study
Reference Patients Inhaler device type(s) Training method Re-evaluation dates length Decline date Conclusion
Dhadge et al*’ Asthma or COPD MDI =+ valved holding Pulmonologist Days 1, 7, 14, and 28 28 d Day 1 Smartphone video monitoring of the inhaler
chamber training technique; inhaler technique errors
DPI (unit dose) appeared from day 1 after training
DPI (breath-actuated)
Ammari et al’’ Asthma MDI Verbal inhaler training 1 h and 6-8 wk after 6-8 wk  6-8 wk Both verbal training and technique aids
(18-60 years old) vs Trainhaler or training improved the inhaler technique, but the
Flo-Tone CR effect deteriorated over 6-8 wk
Dabrowska et al** Asthma or COPD MDI Individual inhalation 3 and 6 mo 6 mo 6 mo Significant reduction in inhaler errors with
Aerolizer Handihaler training vs sham individual training at 3 mo, but not at 6 mo
Accuhaler/Diskus procedure
Turbuhaler
Bosnic-Anticevich ~ HCPs with no Turbuhaler Training by expert 4 and 8 wk 8 £ 2wk 4 wk (visit 2) Significant differences in the nature and
et al'® current or past Spiromax assessors extent of training required to achieve and
asthma diagnosis maintain mastery with different DPIs
Sulaiman et al*” Severe asthma Accuhaler/Diskus + Intensive education 3 mo 3 mo 3 mo (no Repeated, ongoing interventions with
INCA device with/without biofeedback) patients were more effective when
biofeedback from incorporating data collected by the inhaler
device device
Nguyen et al’' COPD MDI Face-to-face training, 1, 3, 6, and 12 mo 12 mo 12 mo Improvement of the inhaler technique during
Turbuhaler vs teach-back vs repeated intervention, but decay in
technique reminder technique after a gap of >3 mo
label
Azzi et al’’ Asthma MDI Patients with incorrect 1 mo 1 mo 1 mo Initial improvement of the inhaler technique
Turbuhaler technique at decayed over 1 mo
Accuhaler/Diskus baseline trained to
mastery
Basheti et al”® Asthma Accuhaler/Diskus Show and tell plus Immediately after, and 3 3 mo 3 mo (control) Use of reminder labels reduced the extent of
Turbuhaler labels in active mo after training inhaler technique decay at 3 months
group vs control
Press et al*® Adults hospitalized MDI Teach-to-goal Immediately after, and 30 90 d 30d Teach-to-goal instruction improved the
with asthma Accuhaler/Diskus instruction vs brief and 90 d after (teach-to-goal) inhaler technique, but the effect
or COPD verbal instruction education deteriorated over 30-90 d
Jolly et al*? Patients using MDI MDI Written vs. physical After each of 3 training 1 mo 1 mo Practical demonstration was superior to
demonstration sessions, 1- and 2- providing information alone in improving
month follow-up the inhaler technique; retraining helped to
remedy decay in the inhaler technique
after initial training
Carpenter et al** Children with asthma MDI =+ valved Video intervention vs  Immediately after, and 1 1 mo 1 mo Video training for the inhaler technique was

holding chamber

control

mo after training

effective in children, but not sustained
after 1 mo
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COPD, Chronic obstructive pulmonary disease; DPI, dry powder inhaler; INCA, Inhaler Compliance Assessment; MDI, metered-dose inhaler.
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Health literacy is an important consideration in this context.
Targeted educational interventions for patients with low health
literacy have been effective at improving rates of correct inhaler
use in inner-city patients with asthma,”® COPD patients with
. 79 .. . .
low health literacy,”” rural communities with low literacy,'"
communities in the developing world,”” and immigrant com-
.. 81 . .
munities.” As standard educational materials may be adapted
using language and illustrations appropriate for low literacy' ">
. 79 .
and/or low health literacy,”” and culturally relevant learning
materials for specific populations may be produced by commu-
nity members,”" it should not be prohibitively complicated or
expensive to provide relevant educational resources for specific
patient groups.

CONCLUSIONS AND FORWARD-LOOKING
DISCUSSION

Asthma and COPD are chronic diseases requiring continuous
self-management, and a good inhaler technique is a vital
component of effective treatment for these diseases. Neglecting
to check and monitor patients’ inhaler use has downstream
negative impacts on treatment outcomes, clinical decision-
making, and health care costs. Various factors may influence
inhaler technique decay and/or patient confidence in the correct
usage of their inhaler, including training method,””*”** device
type,”’18 and individual patients’ motivation, behaviors, and
psychosocial factors.”*” However, a poor inhaler technique can
be addressed in a variety of ways, with a real clinical impact. A
good inhaler technique and its downstream effects on therapy
efficacy may also help improve adherence, treatment satisfaction,
and motivation for patients and quality of life.

Our findings strongly suggest that while the inhaler technique
may be addressed using a variety of educational methods,
without ongoing monitoring and assessment, inhaler technique
decay commonly occurs as soon as 2 to 3 months after training.
Furthermore, device-related factors and patients’” individual cir-
cumstances can impact the inhaler technique and adherence even
with the availability of suitable educational resources. Gaining
objective understanding of medication use and inhalation quality
in real life, as opposed to occasional “unreal-life” clinical en-
counters, is paramount. Current and future digital health op-
portunities will play a key role in achieving this, but pharmacists
and HCPs need greater support to realize the potential of digital
technologies and the data they provide to support improved and
personalized technique education. The advent of collaborative
care, considering patients’ values, motivations, learning styles,
and health literacy levels, will hopefully help to bridge the
knowledge gap between manufacturers, HCPs, and patients.
This could be achieved through collaborations between device
manufacturers and patient organizations, for example, to conduct
evaluations on this topic and develop public awareness
campaigns.

In the near term, a stepwise clinical framework to support
improvement of the inhaler technique and integration of new
technologies is needed. In recommending a similar approach to
that outlined in the Global Initiative for Asthma, National
Heart, Lung, and Blood Institute-National Asthma Education
and Prevention Program, and Global Initiative for Chronic
Obstructive Lung Disease guidance,”””*” we support the provi-
sion of standardized guidance on best practice using available
interventions. This will aid clinicians to effectively educate and
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support their patients and promote proactive maintenance of the
inhaler technique.
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METHODS
Literature search

A literature search was conducted to gather articles exploring
the evidence regarding:

(1) Factors influencing the rate and degree of inhaler technique
deterioration after instruction of patients with asthma and
chronic obstructive pulmonary disease in correct usage.

(2) The relationship between initial inhaler technique instruc-
tion/training and inhaler technique maintenance.
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(3) The role of inhaler technologies in addressing the issue of
inhaler technique instruction/training and inhaler technique
maintenance.

Literature searches were performed using PubMed, for articles
published between 2010 and 2021, using search terms related to
respiratory disease and inhaler use. The full lists of search terms
are in Tables E2 and E3.

In the main search, 792 articles were screened and publica-
tions with no relevance removed. The remaining articles were
categorized as having strong relevance to the research question
(n = 14), some relevance to the research question (n = 133), and
review/perspective articles (n = 111). Key details for the 14 ar-
ticles considered to be highly relevant are in Table 1.
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TABLE E1. Critical errors in the inhaler technique associated with asthma symptom control or exacerbations®’

Error MDI DPI (Turbohaler) DPI (Diskus)
Did not remove cap/slide cover open (includes “did not shake device before actuation” for MDIs) S S,E

Insufficient inspiratory effort S,E S,E
Did not tilt head slightly upward S,E S

Did not breathe out to empty lungs before inhalation S,E S,E S
Did not hold breath for >3 s after inhalation S,E S,E S, E
Did not seal lips around the mouthpiece S S,E E
Incorrect second dose preparation, timing, or inhalation S S S,E
Exhaled into device before inhalation (includes “did not hold device upright” for MDI) S,E E E
Dose compromised after preparation by shaking or tipping (DPI only) S,E

Actuation before inhalation (MDI only) S,E

Twist errors (Turbohaler preparation only; includes “did not hold device upright” for Turbohaler) E

After inhalation did not replace cover E E E
Did not inhale through mouth E E
Did not remove cap E

Empty inhaler E
Expired inhaler E

S, error significantly associated with uncontrolled asthma (univariable analysis). E, error significantly associated with exacerbations (univariable analysis).
DPI, Dry powder inhaler; MDI, metered-dose inhaler.
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TABLE E2. Main literature search terms and results

BOSNIC-ANTICEVICH ET AL

2364.e3

Query

Subject

Results

"Pulmonary Disease, Chronic Obstructive"[MeSH] OR
"COPD"[ALL] OR "Pulmonary Disease, Chronic
Obstructive"[ALL] OR "Chronic Obstructive Airway
Disease"[ALL] OR "COAD"[ALL] OR "Chronic Obstructive
Lung Disease"[ALL] OR "Chronic Airflow Obstruction"[ALL]
OR "Chronic Airflow Obstructions"[ALL] OR "Asthma"[MeSH]
OR "Asthma"[ALL] OR "Asthmas"[ALL]

"Inhaler"[ALL] OR "Inhalers"[ALL] OR "pMDIs"[ALL] OR
"pMDI"[ALL] OR "MDI"[ALL] OR "Metered-dose
inhaler"[ALL] OR "Metered dose inhaler"[ALL] OR "Metered-
dose inhalers"[ALL] OR "Metered dose inhalers"[MeSH] OR
"Soft Mist"[ALL] OR "SMI"[ALL] OR "Respimat"[ALL] OR
"Hydrofluoroalkane"[ALL] OR "Nebulizers"[ALL] OR
"Nebulizer"[ALL] OR "Vaporizers"[ALL] OR "Vaporizer"[ALL]
OR "Vaporizers and Nebulizers"[MeSH] OR "Dry Powder
Inhalers"[MeSH] OR "Inhalators"[ALL] OR "Inhalator"[ALL]
OR "Atomizers"[ALL] OR "Atomizer"[ALL] OR "Inhalation
Devices"[ALL] OR "Device, Inhalation"[ALL] OR "Devices,
Inhalation"[ALL] OR "Inhalation Device"[ALL] OR "Inhaler,
Metered Dose"[ALL] OR "Inhalers, Metered Dose"[ALL] OR
"Spacer Inhalers"[ALL] OR "Spacer Inhaler"[ALL] OR "Spacer-
Inhalers"[ALL] OR "Spacer-Inhaler"[ALL] OR
"Spinhalers"[ALL] OR "Spinhaler"[ALL] OR "Dry powder
inhaler"[ALL] OR "Dry powder inhalers"[ALL] OR "Inhaler,
Dry Powder"[ALL] OR "Inhalers, Dry Powder"[ALL] OR
"Powder Inhaler, Dry"[ALL] OR "Powder Inhalers, Dry"[ALL]

"Inhaler Misuse "[ALL] OR "incorrect Inhaler technique"[ALL] OR
"inhaler use"[ALL] OR "pMDI technique"[ALL] OR "MDI
technique"[ALL] OR "pMDI Misuse"[ALL] OR "MDI
Misuse"[ALL] OR "Incorrect use"[ALL] OR "Shaking the
inhaler"[ALL] OR "Shaking of the inhaler"[ALL] OR "Shaking
inhaler"[ALL] OR "Inhaler skill"[ALL] OR "Inhaler skills"[ALL]
OR "Unintentional nonadherence"[ALL] OR "Inhaler
error'[ALL] OR "Inhaler training"[ALL] OR "Inappropriate
Inhaler use"[ALL] OR "Inappropriate ICS"[ALL] OR
"Equipment Failure"[Mesh] OR "inhaler adherence"[ALL] OR
"treatment adherence"[ALL] OR "inhaler technique"[ALL] OR
"inhaler guidance"[ALL] OR "treatment guidance"[ALL] OR
(("technique" OR "handling" OR "techniques" OR "Training" OR
"train"[ALL] OR "educat*[ALL] OR "operating"[ALL]) AND
("Error" OR "errors" OR "misuse" OR "wrong use" OR
"incorrect" OR "problem" OR "problems" OR "decline" OR
"Decay"[ALL] OR "deterioration"[ALL] OR "deteriorate"[ALL]
OR "poor"[ALL] OR "wrong"[ALL] OR "bad"[ALL] OR
"ineffective"[ALL] OR "noneffective"[ALL]))

#1 AND #2 AND #3

#4 Filters: from 2010 — 2021

"Review"[publication type] OR "This review"[TIAB] OR "We
review"[TIAB] OR "A review of '[TIAB] OR "Opinion"[TIAB]
OR "Perspective"[TIAB] OR "Letter"[publication type] OR
"Editorial"[publication type] OR "Comment"[publication type]
OR "Personal narrative"[publication type]

#5 AND #6 Filters: from 2010 — 2021

COPD/asthma terms

Inhaler terms

Inhaler decay and misuse terms

COPD/asthma and inhaler and decay and misuse terms
COPD/asthma and inhaler and decay only terms (from 2010 to
2021)

Review/perspective terms

COPD/asthma and inhaler and decay only terms (from 2010 to
2021)

261,657

30,408

108,466

1197
792

4,947,960

166

COPD, Chronic obstructive pulmonary disease.



TABLE E3. Social determinants of health search terms and results

Search

Query

Subject

Results

1

6

"Pulmonary Disease, Chronic Obstructive"[Majr] OR "COPD"[title] OR "Pulmonary
Disease, Chronic Obstructive"[title] OR "Chronic Obstructive Airway Disease"[title]
OR "COAD"[title] "chronic respiratory disease"[title] OR "Chronic Obstructive Lung
Disease"[title] OR "Chronic Airflow Obstruction disease"[title] OR "Asthma"[Majr] OR
" Asthma"[title]

"social determinants of health"[tiab] OR "SDOH"[tiab] OR "social determinant"[tiab] OR
"social determinants"[tiab] OR "structural determinant"[tiab] OR "structural
determinants"[tiab] OR "social and environmental factors"[tiab] OR "social
factors"[tiab] OR "psychosocial"[tiab] OR "sociocultural"[tiab] OR "stigma"[tiab] OR
"socioeconomic”[tiab] OR "health status disparities"[tiab] OR "health status
disparity"[tiab] OR "vulnerable populations"[tiab] OR "underserved populations"[tiab]
OR "Social Determinants of Health"[Majr] OR "Health Status Disparities"[Majr]

#1 AND #2

#3 Filters: from 2010 — 2021

"Inhaler"[ALL] OR "Inhalers"[ALL] OR "pMDIs"[ALL] OR "pMDI"[ALL] OR
"MDI"[ALL] OR "Metered-dose inhaler"[ALL] OR "Metered dose inhaler"[ALL] OR
"Metered-dose inhalers"[ALL] OR "Metered dose inhalers"[MeSH] OR "Soft
Mist"[ALL] OR "SMI"[ALL] OR "Respimat"[ALL] OR "Hydrofluoroalkane"[ALL]
OR "Nebulizers"[ALL] OR "Nebulizer"[ALL] OR "Vaporizers"[ALL] OR
"Vaporizer"[ALL] OR "Vaporizers and Nebulizers"[MeSH] OR "Dry Powder
Inhalers"[MeSH] OR "Inhalators"[ALL] OR "Inhalator"[ALL] OR "Atomizers"[ALL]
OR "Atomizer"[ALL] OR "Inhalation Devices"[ALL] OR "Device, Inhalation"[ALL]
OR "Devices, Inhalation"[ALL] OR "Inhalation Device"[ALL] OR "Inhaler, Metered
Dose"[ALL] OR "Inhalers, Metered Dose"[ALL] OR "Spacer Inhalers"[ALL] OR
"Spacer Inhaler"[ALL] OR "Spacer-Inhalers"[ALL] OR "Spacer-Inhaler"[ALL] OR
"Spinhalers"[ALL] OR "Spinhaler"[ALL] OR "Dry powder inhaler"[ALL] OR "Dry
powder inhalers"[ALL] OR "Inhaler, Dry Powder"[ALL] OR "Inhalers, Dry
Powder"[ALL] OR "Powder Inhaler, Dry"[ALL] OR "Powder Inhalers, Dry"[ALL]

#4 AND #5 Filters: from 2010 — 2021

COPD/asthma terms

Social determinants of health terms TIAB/MAJR

COPD/asthma and social determinants of health terms
COPD/asthma and social determinants of health terms (from 2010 to 2021)
Inhaler terms

COPD/asthma and social determinants of health terms (from 2010 to 2021) and inhaler
decay terms

119,621

309,310

2209
1220
31,102

51

COPD, Chronic obstructive pulmonary disease; MAJR, MeSH major topic; TIAB, title/abstract.
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