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Poor inhaler technique and nonadherence impair the eﬃcacy of medications for asthma and chronic obstructive pulmonary
disease (COPD). A range of factors, including age, dexterity, inspiratory capacity, cognitive ability, health literacy, and ethnicity,
can impact a patient’s ability and intention to use their device. Treatment success can also be inﬂuenced by patient preferences and
perceptions. Therefore, it is important that healthcare professionals eﬀectively match inhaler devices to individual patients’ needs
and abilities and empower patients by including them in treatment decisions. Physicians must, therefore, fully understand the
characteristics of each device, as well as their patients’ demographic characteristics and comorbidities. Following device selection,
patient training and education, including a physical demonstration of the device, are key to eliminate any critical errors that may
impact on health outcomes. Inhaler technique should be frequently rechecked. This review will examine the important role of
primary care providers in the selection of appropriate inhaler devices and provision of training for patients with COPD and
asthma to optimize correct inhaler use and adherence. An overview of the key features of available devices and of the factors to
consider when selecting devices will be provided in the context of current asthma and COPD guidelines.

1. Introduction
Asthma and chronic obstructive pulmonary disease (COPD)
are chronic inﬂammatory pulmonary diseases that aﬀected
339 and 252 million people, respectively, worldwide in 2016
[1]. Both disorders cause airﬂow limitation, and inhaled
medications—including inhaled corticosteroids, short- and
long-acting β2 agonists, and antimuscarinic drugs—are
central to their management [2, 3]. Inhaled therapy ensures
rapid and direct delivery to the site of pathology and can be
provided to patients via a range of devices, including nebulizers, pressurized metered-dose inhalers (pMDIs), dry
powder inhalers (DPIs), and soft mist inhalers (SMIs).
Despite the wide availability of these devices, poor inhaler
technique and nonadherence to inhaled therapy has
a marked eﬀect on the therapeutic beneﬁt of medication for
asthma and COPD [4]. Studies consistently report that many

patients with asthma and COPD do not use their inhaler
devices correctly [5, 6]. A recent systematic literature review
and meta-analysis found that incorrect technique is common across devices, with up to 100% of patients demonstrating at least one error [5]. Moreover, up to 92% of
patients experience critical errors, that is, one that may
impact the eﬀectiveness of the delivered drug [5]. Indeed,
medications for asthma and COPD cannot be eﬀective if
they do not reach the airways they are intended to target
[7, 8]. Poor inhaler technique stems in part from the fact that
the purpose and how to use inhalation devices are often
poorly understood by patients, which can also lead to a reluctance to use the prescribed devices [9]. The variety of
device types prescribed to patients can cause additional
confusion and further impede eﬀective use [10]. Due to these
various reasons, poor adherence is common, with 50% or
more of patients with asthma and COPD not taking their

2
inhaled therapy as prescribed or instructed [11, 12]. Nonadherence can further perpetuate poor technique and can
lead to costly exacerbations and worsening disease [11, 12].
It has been demonstrated that a shared-care approach
(where patient goals and preferences are accommodated)
and comprehensive patient education, including device
training, can improve outcomes [13, 14]. However, even
with training, not all patients are able to use their inhalers
correctly [15]. For instance, some devices are unsuitable for
use in certain patients (e.g., the patient may have an inability
to hold the device correctly, or their instinctive technique
may not match that of the prescribed device). Therefore,
ensuring a match between patient and device at the outset of
treatment is critical.
In this regard, as a common ﬁrst point of contact and
a prescriber of inhaled medications, the primary care
physician has a vital role in optimizing outcomes for patients
with asthma or COPD by selecting inhaler devices that are
appropriate for individual patients. Furthermore, they are
best placed to encourage the patient to participate in decisions about their treatment, as well as to help in providing
patient education and training.
This review will examine the important role of primary
care providers in the selection of appropriate inhaler devices
for patients with COPD and asthma, speciﬁcally how
matching the patient’s inhaled therapy closely to his or her
needs can improve inhaler technique and therefore their
adherence to therapy and patient outcomes.

2. The Right Device for the Right Patient
In order to select the device that is most appropriate for
a particular patient, it is important to recognize that a patient’s ability to use a device may be inﬂuenced by a range of
factors, including age, ethnicity, dexterity, and inspiratory
capacity. Old or young age can be associated with a variety of
elements to consider. This is pertinent as asthma is the most
common chronic disease among children [16], and the
prevalence of asthma and COPD increases with age [17, 18].
Older age, for example, increases the likelihood of comorbid
conditions that may impact device selection [18, 19].
Physical issues including weakness, impaired dexterity,
declining vision, poor hearing, and low inspiratory rates may
impact on a patient’s ability to use a device [20]. Declining
cognitive function in the elderly can also impair the ability to
master and recall techniques, as can cognitive and mood
disorders, which are common comorbidities for asthma and
COPD [18, 21]. Similarly, inhaler technique in children with
asthma is generally very poor [22]. Despite being taught the
correct technique, inhaler use is diﬃcult for children and
correct inhalation technique can deteriorate over time [23].
Furthermore, a child’s ongoing adherence to inhaled
treatment can also be inﬂuenced by a parent’s participation
in their disease management [24]. Looking more broadly,
health literacy or language barriers may also inﬂuence device
use by impacting a patient’s ability to understand inhaler
instructions [25]. If a patient fails to achieve symptomatic
control due to poor inhaler technique, they may stop using
their inhaler completely [20]. In addition to such
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Preferred treatment
(i) For symptom control and risk reduction

Patient characteristics or phenotype
(i) Does the patient have any features that predict diﬀerences in their
future risk or treatment response compared with other patients?

Patient preference
(i) What are the patient's goals, beliefs, and concerns about asthma
and medications?

Practical issues
(i) Inhaler technique: Can the patient use the inhaler correctly after
training?
(ii) Adherence: How often is the patient likely to take the medication?
(iii) Cost to patient: Can the patient aﬀord the medication?

Figure 1: Overview of factors to consider when choosing controller
options for individual patients [2].

unintentional nonadherence, patients may intentionally refuse to use a device. For example, commitment to inhaled
medication can be aﬀected by perceived social stigma surrounding device use, which has been shown to be an issue for
adolescents [24]. Finally, the factors that contribute to adherence and impact upon successful treatment appear to vary
by ethnic group, requiring further adaptation of approaches
based on a patient’s background [26, 27].
To increase the likelihood of treatment success and
adherence to therapy, it is crucial to match the device to the
patient [25]. Current guidance recommends that “treatment
decisions should [take] into account any patient characteristics or phenotype that predict the patient’s likely response to treatment, together with the patient’s preferences
and practical issues” [2] (Figure 1). To do this, practitioners
ﬁrst need to understand the devices that are available to
patients, their key characteristics, and how these might
impact patients’ preference and practice (Table 1).
2.1. Pressurized Metered-Dose Inhalers (pMDIs). Recent innovations have enhanced the functionality of pMDIs, which
were the ﬁrst handheld inhalation device to be developed.
However, common to all pMDIs are a pressurized canister of
drug in solution or suspension, a chamber for producing an
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Table 1: Advantages and disadvantages of the main types of inhalers.

Inhaler

pMDI

pMDI + spacer

BA-MDI

DPI

SMI

Nebulizers

Advantages
(i) Portable and compact
(ii) Multidose device
(iii) Metered dose
(iv) Established/familiar
(v) Available for most inhaled medications
(i) Lower dependency on inspiratory eﬀort
(ii) Easier to coordinate
(iii) Higher lung deposition than pMDI
(iv) Reduced mouth and oropharynx deposition
(i) Portable and compact
(ii) Multidose device
(iii) Breath-actuated
(i) Portable and compact
(ii) Breath-actuated
(iii) Does not contain propellants
(iv) Multidose devices available
(i) Portable and compact
(ii) Multidose device
(iii) Lower dependency on inspiratory eﬀort
(iv) High ﬁne-particle fraction
(v) High lung deposition; low mouth and oropharynx
deposition
(vi) Does not contain propellants
(i) Can be used at any age
(ii) Can be used by acutely ill
(iii) No speciﬁc inhalation technique required
(iv) Can be used to dispense drugs not available as
pMDI or DPI

Disadvantages
(i) Require coordination
(ii) High deposition in mouth and oropharynx
(iii) “Cold Freon” eﬀect
(iv) Contain propellants
(i) Less portable than pMDI
(ii) Certain spacers may acquire electrostatic charge
(iii) Additional cost to pMDI
(iv) Requires regular maintenance
(i) Contain propellants
(ii) “Cold Freon” eﬀect
(iii) Requires a moderate inspiratory eﬀort
(i) Requires a minimum inspiratory eﬀort
(ii) May not be appropriate for emergency situations
(iii) Multiple designs (may be confusing for the patient)
(iv) May be complicated to load
(i) Not breath-actuated
(ii) Only one device currently available

(i) Most lack portability
(ii) Some require an outside energy source
(iii) Noisy
(iv) Can result in longer treatment times
(v) Can be expensive

Adapted from [28]. BA-MDI, breath-actuated metered-dose inhaler; DPI, dry powder inhaler; pMDI, pressurized metered-dose inhaler; SMI, soft mist
inhaler.

aerosol, and a mouthpiece for inhalation [28]. For use of
ﬁrst-generation, push-activated pMDIs, coordination of
breathing and actuation is required. Poor coordination leads
to reduced drug delivery, suboptimal disease control, and
increased inhaler use. The recent CRITical Inhaler mistaKes
and Asthma controL (CRITIKAL) study, which analyzed
inhaler errors in 3660 patients who were using DPIs and
pMDIs found that poor coordination (actuation before
inhalation) was common in users of pMDIs (made by approximately a quarter of patients) and was associated with
uncontrolled asthma [6]. Issues with poor coordination can
be overcome by employing a spacer or a valved holding
chamber (which allows inhalation over several intakes) [28].
However, these can be bulky, impacting portability [29].
Moreover, as an electrostatic charge can build up and decrease output in certain spacers, it has been recommended
that priming doses of drug are used to deposit on the spacer
walls or detergents can be used to coat the walls and reduce
the charge [30, 31]. These issues can be mitigated with the
use of nonelectrostatic spacers, such as the AeroChamber®
Plus (Trudell Medical International) or Vortex® (PARI
Respiratory Equipment) [32]. Newer models of MDIs are
breath-actuated, reducing the dependency on coordinated
inhalation and actuation [28], and are associated with better
clinical asthma outcomes [33]. However, it is worth noting

that the most frequent error consistently reported among
pMDI users is failure to inhale slowly and deeply, although
this may not signiﬁcantly impact patient outcomes [6, 34].
2.2. Dry Powder Inhalers (DPIs). DPIs deliver medication to
the lungs in the form of a dry powder via the airstream
created when the patient inhales through the device [28].
These devices are breath-actuated mitigating the problems
with coordination that can arise with some pMDIs, and thus
many patients ﬁnd them easier to use [20]. However, many
DPIs require a certain rate of inspiratory ﬂow, making them
unsuitable for patients with severe conditions and in certain
emergency situations [20, 28]. The CRITIKAL study conﬁrmed the importance of inspiratory eﬀort, as insuﬃciently
fast and forceful inhalation was associated with uncontrolled
asthma occurring in roughly one-third of patients using
DPIs [6]. To remove the reliance on inspiratory eﬀort, device
innovation has led to the development of “active,” powerassisted DPIs that use an energy source to disperse the drug;
however, such devices are more costly [35]. There are
a number of diﬀerent types of DPI, with each requiring
diﬀerent techniques for use, and this can lead to confusion
among users if devices are interchanged [20, 28]. The three
main systems are as follows: capsule-based, where patients
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Patient

Conscious inhalation
possible

Suﬃcient
inspiratory ﬂow

Conscious inhalation
not possible

Insuﬃcient
inspiratory ﬂow

Hand-breath
coordination+

Hand-breath
coordination–

Hand-breath
coordination+

Hand-breath
coordination–

pMDI
DPI
BA-pMDI
SMI

pMDI + holding
chamber
DPI
BA-pMDI
SMI

pMDI ± holding
chamber
BA-pMDI
SMI

pMDI + holding
chamber
BA-pMDI
SMI
Nebulizer

pMDI + holding
chamber
Nebulizer

Figure 2: Device selection algorithm. Reproduced with permission from [28]. DPI, dry powder inhaler; pMDI, pressurized metered-dose
inhaler; BA, breath-actuated; SMI, soft mist inhaler.

load a capsule containing the powered formulation into the
device before each use; disposable devices containing
a premetered single dose; or multiple-dose inhalers that
either have a built-in mechanism to meter a single dose from
a reservoir with each actuation or that deliver individual
doses from premetered replaceable blisters [36]. For capsule
devices, the patient must continue or repeat inhalation until
the capsule is emptied, which can result in dose variability [36].
2.3. Soft Mist Inhalers (SMIs). The SMI is the newest type of
device, launched in 2007 when the Respimat® Soft Mist
Inhaler (Boehringer Ingelheim) successfully gained approval
for use in the European Union. The device uses spring power
to provide treatment via a slow-moving ﬁne liquid aerosol
[20, 28]. It was designed to produce a higher fraction of ﬁne
and extra-ﬁne particles (deﬁned as 2.1–5 μM and <2.1 μM,
resp. [37]), compared with most pMDIs and DPIs as well as
to provide increased ﬂexibility for synchronization between
actuation and inhalation through the slow movement of the
mist generated [38, 39]. Regional lung deposition varies
according to the aerosol particle size, with particles of
2–6 μM preferentially depositing in the central airways and
those <2 μM in the small airways and alveoli [37]. Therefore,
the SMI results in higher lung (including smaller airways)
and reduced oropharynx drug deposition compared with
other device types [38, 39]. As the energy required to
generate the aerosol is mechanical, and the softer longer
lasting plume moves at a lower velocity compared with
pMDIs, the inhalation eﬀort to operate the SMI is lower.
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2.4. Nebulizers. Nebulizers can be used in patients for whom
handheld devices are unsuitable, including the very young,
the elderly, and the acutely ill [20, 40]. They require comfortable tidal breathing and little coordination from the
patient. However, they can be noisy, and some require an

outside energy source [40]. Generally, they lack portability,
require regular maintenance, are expensive, and result in
longer treatment times [20]. However, new nebulizers have
recently been developed to overcome some of these disadvantages, for example, the handheld Aeroneb® Go (Philips
Healthcare), which is portable, compact, and silent [41].
2.5. Considerations for Device Selection. The diﬀerent inhalation techniques required for the diﬀerent available devices and inspiratory abilities, as well as patient dexterity and
cognition, form the key considerations when selecting
a device (Figure 2). To aid selection, the use of training
devices/inspiratory ﬂow meters (such as AIM (Aerosol
Inhalation Monitor), In-Check DIAL, and 2-Tone trainer)
can be used to assess the patient’s inhalation technique and
inspiratory ability, either when ﬁrst prescribing a new device
to a patient or during regular training and monitoring of
inhaler use [34, 42]. However, an inspiratory ﬂow assessment may not always be reﬂective of a patient’s inspiratory
ability in a real-world setting, and observation of instinctive
inhaler technique can also indicate the type of inhaler that
will be best suited to the patient. Moreover, some prescribed
inhalation devices can indicate whether a patient is using
them appropriately and has the required inspiratory capacity
(e.g., Duaklir Genuair® (AstraZeneca UK Ltd.), where
a control window changes to red from green when the
patient has inhaled correctly), aiding both device choice and
patient technique.
Current guidelines recommend that device selection
should be made in consultation with the patient, who must
be trained in inhaler device technique [2, 3]. Asthma and
COPD treatment guidelines also state that inhaler technique
must be regularly assessed during follow-up consultations
[2, 3]. Moreover, the prescription of mixed inhalation device
types should be avoided to prevent confusion [2]. A large
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retrospective observational study of patients with asthma in
primary care demonstrated that over one year after a ﬁrst
inhaled corticosteroid prescription, patients prescribed the
same device type for both controller and reliever therapy
were signiﬁcantly more likely to achieve asthma control and
recorded signiﬁcantly lower exacerbation rates than those
prescribed mixed devices [43]. Indeed, several studies have
shown that simultaneous use of diﬀerent inhaler types is
predictive of increased inhalation errors [10]. In addition,
asking patients to switch devices can impact adherence to
therapy. In a retrospective observational study of patients
with COPD, multiple-inhaler users demonstrated lower
adherence rates than single-inhaler users and were signiﬁcantly more likely to discontinue therapy [44].

3. Patient Perceptions and Shared Decisions
Patients have their own perceptions or preferences regarding
inhaler choice, and these can inﬂuence treatment success
[28]. Device features such as simplicity, convenience, and
overall experience are important to patients [28]. Patients
have reported spontaneously ceasing inhaled therapy due to
perceived complexity and are likely to value device features
associated with convenience such as ease of cleaning,
comfort, and portability [28]. Beliefs surrounding treatment—
for example, whether it will be ineﬀective, cause side eﬀects, or
should only be taken when “really needed”—may also aﬀect
a patient’s willingness to adhere to therapy, as might issues with
device use, such as taste and eﬀect on the throat [28]. By
including the patient in treatment decisions, it is possible to
tailor device selection around such perceptions and preferences, as well as gaining an understanding of the patient’s
approach to treatment. Even if a diﬀerent device seems to be
a better match for the patient, it may be that they are reluctant
to try a new device because they have become used to their
existing inhaler. They may also be apprehensive when
switching devices due to the requirement to acquire new skills
[28]. Others will be encouraged by changing device if they are
having a poor experience with current treatment. Indeed, lack
of perceived beneﬁt has been reported as leading patients to
intentionally discontinue their therapy [45]. In either case,
shared decision-making can empower the patient, and it has
been shown to improve both adherence and health outcomes
[13]. In a randomized controlled trial where clinicians and
patients negotiated a treatment plan that accommodated
patient goals and preferences, shared decision-making was
associated with a higher cumulative dose of medication over
a one-year period, a higher likelihood of well-controlled
asthma, and better lung function [13]. It is therefore important that patients are encouraged to participate in
treatment decisions and to express their expectations and
concerns [2, 3].

4. Common Errors and Patient Education
Patient errors with inhaler technique are common and have
been linked with poor outcomes in asthma and COPD
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[6, 9, 12]. The CRITIKAL study highlighted that errors
relating to inspiratory eﬀort were frequent in patients using
DPIs and MDIs [6]. Inhalation was insuﬃciently fast and
forceful in up to 38% of individuals using DPIs and was not
slow or deep enough in 47% of patients using MDIs [6].
Errors common with both device types included not having
the head tilted with chin up during inhalation and not
breathing out to empty lungs before inhalation [6]. Many
inhaler errors were associated with asthma symptom control; for example, insuﬃcient inspiratory eﬀort occurred
frequently and was signiﬁcantly associated with an increased
likelihood of uncontrolled asthma in patients using DPIs [6].
For patients using MDIs, errors relating to device knowledge
and second dose preparation were associated with uncontrolled asthma, as was actuation before inhalation [6]. A
systematic review of inhaler use, covering 59,584 observed
tests of technique, found that the overall prevalence of
correct technique was 31% and that inhaler technique has
not improved in 40 years [46].
Such studies emphasize the need for new approaches to
patient education and training. A recent systematic review of
educational inhalation technique interventions found that
over 90% of studies included reported a signiﬁcant improvement in inhaler technique after an educational intervention (although average follow-up time was short) [47].
Interventions in outpatient clinics performed best, indicating
the importance of primary care providers [47]. The “teachback” technique—where patients demonstrate their inhaler
use after instruction—has been shown to be particularly
beneﬁcial [48]. As well as providing an eﬀective initial educational intervention, continued support is vital [49, 50].
Indeed, the Global Initiative for Asthma (GINA) strategy
advises that clinicians recheck inhaler technique frequently, as
errors often recur within 4–6 weeks after initial training [2].
The primary care physician is best placed to address
patients’ perceptions and attitudes towards therapy, to individualize treatment choice, and to provide tailored education and device training to maximize adherence to
treatment. It is also important that pharmacists are familiar
with the device technique, as they are usually the last (and
sometimes the most frequent) healthcare professional to be
seen by patients before a device is used. Studies have
demonstrated that they can provide eﬀective skills training
positively impacting disease control [50, 51]. As such, they
play an important role in reinforcing inhaler technique and
primary care physicians can recommend that their patients
also ask their pharmacists any questions about device
handling, especially when supplied with their own inhaler
and a check-correct-conﬁrm cycle can be conducted [50, 52].
While patient education is often eﬀective, it is critical to
remember that some patient groups will be unable to use
certain devices despite receiving adequate training [21, 53],
thereby reinforcing the importance of ﬁrst matching the
patient with the optimum device. Finally, it is essential that
the selected device reaches the patient. While it is not
commonplace in many countries, it should be stated that
pharmacists should not amend device prescriptions and the
switching of inhaler devices without an accompanying
practitioner consultation should be avoided.
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Table 2: Strategies to ensure eﬀective use of inhaler devices [2].

Choose
(i) Choose the most appropriate inhaler device for the patient before prescribing. Consider the medication options, the available devices,
patient skills, and cost
(ii) If diﬀerent options are available, encourage the patient to participate in the choice
(iii) For pMDIs, use of a spacer improves delivery and (with ICS) reduces the potential for side eﬀects
(iv) Ensure that there are no physical barriers, for example, arthritis, that limit the use of the inhaler
(v) Avoid use of multiple diﬀerent inhaler types where possible, to avoid confusion
Check
(vi) Check inhaler technique at every opportunity
(vii) Ask the patient to show you how they use their inhaler (do not just ask if they know how to use it)
(viii) Identify any errors using a device-speciﬁc checklist
Correct
(ix) Show the patient how to use the device correctly with a physical demonstration, for example, using a placebo inhaler
(x) Check technique again, paying attention to problematic steps. You may need to repeat this process 2-3 times
(xi) Only consider an alternative device if the patient cannot use the inhaler correctly after several repeats of training
(xii) Recheck inhaler technique frequently. After initial training, errors often recur within 4–6 weeks
Conﬁrm
(xiii) Clinicians should be able to demonstrate correct technique for each of the inhalers they prescribe
(xiv) Pharmacists and nurses can provide highly eﬀective inhaler skills training
Reproduced with permission from [2]. pMDI, pressurized metered-dose inhaler; ICS, inhaled corticosteroids.

5. Case Study
(i) A 68-year-old woman who had been prescribed
a tiotropium bromide, HandiHaler®, presents to her
doctor with dyspnea. She was adherent to her
medication, and cardiac etiologies were ruled out.
Her spirometry showed GOLD stage 3 disease with
a forced expiratory volume in 1 second (FEV1) of
48%.
(ii) It was decided to step up her medication to a longacting bronchodilator combination of β2-agonist
(LABA)/muscarinic antagonist (LAMA), in the
form of formoterol/aclidinium (Duaklir Genuair)
administered twice a day. She was adherent, but her
condition deteriorated. She felt depressed as her
health worsened despite her medication change.
(iii) We reviewed her inhaler technique. She was using
the device upside down, which was corrected. She
was also reminded of the twice-daily dosing, which
she occasionally forgot.
(iv) A repeat visit showed that the color window did not
turn from green to red after actuation, indicating
that she had insuﬃcient inspiratory ﬂow to activate
it. She was converted to tiotropium/olodaterol,
a Respimat device administered once daily. She
had some diﬃculty loading the canister due to hand
osteoarthritis, and the pharmacist agreed to load her
medication for her on dispensing.
(v) She took two inhalations once daily each morning
and was amazed at how much better she felt.
Her exercise tolerance increased, and her mood
improved.

6. Future Considerations
Primary care physicians have a key role to play in maximizing inhaled therapy adherence in asthma and COPD by

ensuring that the patient is using a suitable inhaler device,
and can learn and maintain inhaler technique. This requires
an holistic approach to treatment optimization. Physicians
are required to have a full understanding of the characteristics of each device, in addition to knowledge of their
patient’s physical and cognitive abilities. Moreover, physicians should understand cultural beliefs and perceptions
around treatment, which may impact on adherence. The
GINA guidelines outline strategies to ensure eﬀective use of
inhaler devices, which should serve as a basis for all primary
care physicians prescribing these (Table 2). Essentially, they
advocate four Cs, summarized below:
(i) Choose: choose the most appropriate inhaler device
for the patient before prescribing
(ii) Check: check inhaler device technique at every
opportunity, including asking the patient to demonstrate their inhaler
(iii) Correct: show the patient how to use the device
correctly via a physical demonstration and recheck
technique frequently
(iv) Conﬁrm: clinicians should be able to demonstrate
correct inhaler technique. Skills training can be
reinforced by pharmacists and nurses.
While algorithms are available to aid device choice [54],
these tend to focus on inspiratory ability and basic physical
traits. Practitioners should be aware that their use will need
to be supplemented with an in-depth understanding of
adherence and technique behaviors in key patient subgroups. Furthermore, it is evident that many healthcare
professionals are themselves unable to demonstrate correct
inhaler technique [55]. Given that the most eﬀective patient
training technique in correct inhaler use relies upon physical
demonstration [49], priority must be given to providing
eﬀective training for healthcare professionals to enable them
to eﬀectively educate their patients. Integral to training for
healthcare professionals should be an awareness of common
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mistakes and reasons for nonadherence, which can serve as
a checklist in the provision of patient education [14]. It is
also important to note that inhaler design is an advancing
ﬁeld. Devices are undoubtedly going to become “smarter,”
providing feedback to the patient on adherence and technique. However, as outlined in a recent editorial commenting on a study by Sulaiman et al. [56], the authors
highlighted that while biofeedback devices may improve
adherence and, therefore, disease control, there is a relatively
small impact [57]. Education and structured health plans
remain hugely important, as will keeping up-to-date with
training as these new devices become available [35].

7. Conclusions
Inhaled therapies are the cornerstone of asthma and COPD
management. It is therefore vital that inhaler devices are
prescribed that patients can and will use. Treatment decisions should be made in partnership with patients, and
should take into consideration demographic characteristics
and comorbidities to allow device choice to be individualized. As asthma and COPD control is suboptimal,
due to patient errors with inhaler technique, common errors
may serve as a checklist for physicians to aid inhaler
technique training. Ultimately, healthcare providers who
work with patients who use inhaled medications have an
essential role in minimizing common patient errors and are
therefore required to “choose, check, correct, and conﬁrm”
to ensure eﬀective use of inhaler devices among their
patients.

Conflicts of Interest
Dr. Alan Kaplan has been an advisory board member or on
the speaker’s bureau for AstraZeneca, Benton Dickinson,
Boehringer Ingelheim, GlaxoSmithKline, Griﬀols, Johnson
& Johnson, Mylan, Novartis, Novo Nordisk, Nycomed,
Paladin, Pﬁzer, Purdue, the Respiratory Eﬀectiveness Group,
Sanoﬁ, Teva, and Trudell. Professor David Price has board
membership with Aerocrine, Amgen, AstraZeneca, Boehringer Ingelheim, Chiesi, Mylan, Mundipharma, Napp,
Novartis, and Teva and has consultancy agreements with
Almirall, Amgen, AstraZeneca, Boehringer Ingelheim,
Chiesi, GlaxoSmithKline, Mundipharma, Mylan, Napp,
Novartis, Pﬁzer, Teva, and Theravance. He received grants
and unrestricted funding for investigator-initiated studies
(conducted through Observational and Pragmatic Research
Institute Pte Ltd) from Aerocrine, AKL Research and Development Ltd, AstraZeneca, Boehringer Ingelheim, British
Lung Foundation, Chiesi, Mundipharma, Mylan, Napp,
Novartis, Pﬁzer, the Respiratory Eﬀectiveness Group, Teva,
Theravance, UK National Health Service, and Zentiva; payment
for lectures/speaking engagements from Almirall, AstraZeneca,
Boehringer Ingelheim, Chiesi, Cipla, GlaxoSmithKline, Kyorin,
Merck, Mundipharma, Mylan, Novartis, Pﬁzer, Skyepharma,
and Teva; payment for manuscript preparation from Mundipharma and Teva; payment for the development of educational
materials from Mundipharma and Novartis; payment for
travel/accommodation/meeting expenses from Aerocrine,

7
AstraZeneca, Boehringer Ingelheim, Mundipharma, Napp,
Novartis, and Teva; and funding for patient enrollment or
completion of research from Chiesi, Novartis, Teva, and
Zentiva. He has stock/stock options from AKL Research
and Development Ltd, which produces phytopharmaceuticals; owns 74% of the social enterprise Optimum Patient Care
Ltd (Australia, Singapore, and UK) and 74% of Observational
and Pragmatic Research Institute Pte Ltd (Singapore); and is
a peer reviewer for grant committees of the Eﬃcacy and
Mechanism Evaluation Programme and Health Technology
Assessment.

Acknowledgments
Editorial support was provided by Jonathan Brennan, PhD.,
of MediTech Media, UK, and was funded by Boehringer
Ingelheim.

References
[1] Global Burden of Disease 2016 Causes of Death Collaborators,
“Global, regional, and national age-sex speciﬁc mortality for
264 causes of death, 1980-2016: a systematic analysis for the
global burden of disease study 2016,” The Lancet, vol. 390,
no. 10100, pp. 1151–1210, 2017.
[2] Global Initiative for Asthma, “GINA report: global strategy
for asthma management and prevention,” 2017.
[3] Global Initiative for Chronic Obstructive Lung Disease,
Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease, Vol. 2017,
Global Initiative for Chronic Obstructive Lung Disease, New
York, NY, USA, 2017.
[4] A. Dudvarski Ilic, V. Zugic, B. Zvezdin et al., “Inﬂuence of
inhaler technique on asthma and COPD control: a multicenter experience,” International Journal of Chronic Obstructive Pulmonary Disease, vol. 11, pp. 2509–2517, 2016.
[5] H. Chrystyn, J. van der Palen, R. Sharma et al., “Device errors
in asthma and COPD: systematic literature review and metaanalysis,” NPJ Primary Care Respiratory Medicine, vol. 27,
no. 1, p. 22, 2017.
[6] D. B. Price, M. Roman-Rodriguez, R. B. McQueen et al.,
“Inhaler errors in the CRITIKAL study: type, frequency, and
association with asthma outcomes,” Journal of Allergy and
Clinical Immunology: In Practice, vol. 5, no. 4, pp. 1071–1081,
2017.
[7] M. L. Levy, A. Hardwell, E. McKnight, and J. Holmes,
“Asthma patients’ inability to use a pressurised metered-dose
inhaler (pMDI) correctly correlates with poor asthma control
as deﬁned by the Global Initiative for Asthma (GINA)
strategy: a retrospective analysis,” Primary Care Respiratory
Journal, vol. 22, no. 4, pp. 406–411, 2013.
[8] F. Lavorini, A. Magnan, J. C. Dubus et al., “Eﬀect of incorrect
use of dry powder inhalers on management of patients with
asthma and COPD,” Respiratory Medicine, vol. 102, no. 4,
pp. 593–604, 2008.
[9] J. Darba, G. Ramirez, A. Sicras et al., “Identiﬁcation of factors
involved in medication compliance: incorrect inhaler technique of asthma treatment leads to poor compliance,” Patient
Preference and Adherence, vol. 10, pp. 135–145, 2016.
[10] M. L. Levy, P. N. Dekhuijzen, P. J. Barnes et al., “Inhaler
technique: facts and fantasies. A view from the Aerosol Drug
Management Improvement Team (ADMIT),” NPJ Primary
Care Respiratory Medicine, vol. 26, p. 16017, 2016.

8
[11] J. F. van Boven, N. H. Chavannes, T. van der Molen et al.,
“Clinical and economic impact of non-adherence in COPD:
a systematic review,” Respiratory Medicine, vol. 108, no. 1,
pp. 103–113, 2014.
[12] M. Molimard, C. Raherison, S. Lignot et al., “Chronic obstructive pulmonary disease exacerbation and inhaler device
handling: real-life assessment of 2935 patients,” The European
Respiratory Journal, vol. 49, no. 2, p. pii: 1601794, 2017.
[13] S. R. Wilson, P. Strub, A. S. Buist et al., “Shared treatment
decision making improves adherence and outcomes in poorly
controlled asthma,” American Journal of Respiratory and
Critical Care Medicine, vol. 181, no. 6, pp. 566–577, 2010.
[14] Inhaler Error Steering Committee, D. Price, S. Bosnic-Anticevich
et al., “Inhaler competence in asthma: common errors, barriers to
use and recommended solutions,” Respiratory Medicine, vol. 107,
no. 1, pp. 37–46, 2013.
[15] J. Haughney, D. Price, N. C. Barnes et al., “Choosing inhaler
devices for people with asthma: current knowledge and
outstanding research needs,” Respiratory Medicine, vol. 104,
no. 9, pp. 1237–1245, 2010.
[16] M. Masoli, D. Fabian, S. Holt et al., “The global burden of
asthma: executive summary of the GINA dissemination
committee report,” Allergy, vol. 59, no. 5, pp. 469–478, 2004.
[17] A. S. Afonso, K. M. Verhamme, M. C. Sturkenboom, and
G. G. Brusselle, “COPD in the general population: prevalence,
incidence and survival,” Respiratory Medicine, vol. 105, no. 12,
pp. 1872–1884, 2011.
[18] P. Kauppi, M. Linna, J. Jantunen et al., “Chronic comorbidities contribute to the burden and costs of persistent
asthma,” Mediators of Inﬂammation, vol. 2015, Article ID
819194, 2015.
[19] J. L. Wolﬀ, B. Starﬁeld, and G. Anderson, “Prevalence, expenditures, and complications of multiple chronic conditions
in the elderly,” Archives of Internal Medicine, vol. 162, no. 20,
pp. 2269–2276, 2002.
[20] B. P. Yawn, G. L. Colice, and R. Hodder, “Practical aspects of
inhaler use in the management of chronic obstructive pulmonary disease in the primary care setting,” International
Journal of Chronic Obstructive Pulmonary Disease, vol. 7,
pp. 495–502, 2012.
[21] S. C. Allen, M. Jain, S. Ragab, and N. Malik, “Acquisition and
short-term retention of inhaler techniques require intact
executive function in elderly subjects,” Age and Ageing,
vol. 32, no. 3, pp. 299–302, 2003.
[22] C. Gillette, N. Rockich-Winston, J. A. Kuhn et al., “Inhaler
technique in children with asthma: a systematic review,”
Academic Pediatrics, vol. 16, no. 7, pp. 605–615, 2016.
[23] P. L. Brand, “Key issues in inhalation therapy in children,”
Current Medical Research and Opinion, vol. 21, Suppl. 4,
pp. S27–S32, 2005.
[24] A. De Simoni, R. Horne, L. Fleming et al., “What do adolescents with asthma really think about adherence to inhalers?
Insights from a qualitative analysis of a UK online forum,”
BMJ Open, vol. 7, no. 6, p. e015245, 2017.
[25] A. J. Apter, F. Wan, S. Reisine et al., “The association of health
literacy with adherence and outcomes in moderate-severe
asthma,” Journal of Allergy and Clinical Immunology,
vol. 132, no. 2, pp. 321–327, 2013.
[26] E. Davidson, J. J. Liu, and A. Sheikh, “The impact of ethnicity
on asthma care,” Primary Care Respiratory Journal, vol. 19,
no. 3, pp. 202–208, 2010.
[27] K. Wells, M. Pladevall, E. L. Peterson et al., “Race-ethnic
diﬀerences in factors associated with inhaled steroid adherence among adults with asthma,” American Journal of

Canadian Respiratory Journal

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Respiratory and Critical Care Medicine, vol. 178, no. 12,
pp. 1194–1201, 2008.
P. N. Dekhuijzen, F. Lavorini, and O. S. Usmani, “Patients’
perspectives and preferences in the choice of inhalers: the case
for Respimat® or HandiHaler®,” Patient Preference and Adherence, vol. 10, pp. 1561–1572, 2016.
B. J. O’Connor, “The ideal inhaler: design and characteristics to improve outcomes,” Respiratory Medicine, vol. 98,
Suppl. A, pp. S10–S16, 2004.
C. J. Kenyon, L. Thorsson, L. Borgstrom, and S. P. Newman,
“The eﬀects of static charge in spacer devices on glucocorticosteroid aerosol deposition in asthmatic patients,” The
European Respiratory Journal, vol. 11, no. 3, pp. 606–610,
1998.
A. A. Chuﬀart, F. H. Sennhauser, J. H. Wildhaber, and Swiss
Paediatric Respiratory Physiology Research Group, “Factors
aﬀecting the eﬃciency of aerosol therapy with pressurised
metered-dose inhalers through plastic spacers,” Swiss Medical
Weekly, vol. 131, no. 1-2, pp. 14–18, 2001.
T. M. Goncalves, K. Alhanout, A. Nicolay et al., “Comparative
in vitro performance of three small-volume valved holding
chambers with beclomethasone/formoterol pressurized
metered dose inhaler,” Journal of Aerosol Medicine and
Pulmonary Drug Delivery, vol. 26, no. 4, pp. 223–227, 2013.
D. Price, J. Haughney, E. Sims et al., “Eﬀectiveness of inhaler
types for real-world asthma management: retrospective observational study using the GPRD,” Journal of Asthma and
Allergy, vol. 4, pp. 37–47, 2011.
R. A. Al-Showair, S. B. Pearson, and H. Chrystyn, “The potential of a 2Tone trainer to help patients use their metereddose inhalers,” Chest, vol. 131, no. 6, pp. 1776–1782, 2007.
F. Lavorini, G. A. Fontana, and O. S. Usmani, “New inhaler
devices–the good, the bad and the ugly,” Respiration, vol. 88,
no. 1, pp. 3–15, 2014.
F. Lavorini, M. Pistolesi, and O. S. Usmani, “Recent advances
in capsule-based dry powder inhaler technology,” Multidisciplinary Respiratory Medicine, vol. 12, p. 11, 2017.
E. V. Hillyer, D. B. Price, H. Chrystyn et al., “Harmonizing the
nomenclature for therapeutic aerosol particle size: a proposal,” Journal of Aerosol Medicine and Pulmonary Drug
Delivery, vol. 31, no. 2, pp. 111–113, 2017.
P. Anderson, “Use of Respimat soft mist inhaler in COPD
patients,” International Journal of Chronic Obstructive Pulmonary Disease, vol. 1, no. 3, pp. 251–259, 2006.
R. N. Dalby, J. Eicher, and B. Zierenberg, “Development of
Respimat® Soft Mist inhaler and its clinical utility in respiratory disorders,” Medical Devices, vol. 4, pp. 145–155,
2011.
H. Chrystyn and D. Price, “Not all asthma inhalers are the
same: factors to consider when prescribing an inhaler,” Primary Care Respiratory Journal, vol. 18, no. 4, pp. 243–249,
2009.
D. P. Tashkin, “A review of nebulized drug delivery in COPD,”
International Journal of Chronic Obstructive Pulmonary
Disease, vol. 11, pp. 2585–2596, 2016.
J. van der Palen, “Peak inspiratory ﬂow through Diskus and
Turbuhaler, measured by means of a peak inspiratory ﬂow
meter (In-Check DIAL),” Respiratory Medicine, vol. 97, no. 3,
pp. 285–289, 2003.
D. Price, H. Chrystyn, A. Kaplan et al., “Eﬀectiveness of same
versus mixed asthma inhaler devices: a retrospective observational study in primary care,” Allergy, Asthma & Immunology Research, vol. 4, no. 4, pp. 184–191, 2012.

™

[40]

[41]

[42]

[43]

Canadian Respiratory Journal
[44] A. P. Yu, A. Guerin, D. Ponce de Leon et al., “Therapy
persistence and adherence in patients with chronic obstructive pulmonary disease: multiple versus single long-acting
maintenance inhalers,” Journal of Medical Economics, vol. 14,
no. 4, pp. 486–496, 2011.
[45] L. Laforest, F. Denis, E. Van Ganse et al., “Correlates of
adherence to respiratory drugs in COPD patients,” Primary
Care Respiratory Journal, vol. 19, no. 2, pp. 148–154, 2010.
[46] J. Sanchis, I. Gich, S. Pedersen, and Aerosol Drug Management Improvement Team (ADMIT), “Systematic review of
errors in inhaler use: has patient technique improved over
time?,” Chest, vol. 150, no. 2, pp. 394–406, 2016.
[47] S. L. Klijn, M. Hiligsmann, S. M. A. A. Evers et al., “Eﬀectiveness and success factors of educational inhaler technique
interventions in asthma & COPD patients: a systematic review,” NPJ Primary Care Respiratory Medicine, vol. 27, no. 1,
p. 24, 2017.
[48] V. G. Press, V. M. Arora, L. M. Shah et al., “Teaching the use of
respiratory inhalers to hospitalized patients with asthma or
COPD: a randomized trial,” Journal of General Internal
Medicine, vol. 27, no. 10, pp. 1317–1325, 2012.
[49] S. Z. Bosnic-Anticevich, H. Sinha, S. So, and H. K. Reddel,
“Metered-dose inhaler technique: the eﬀect of two educational
interventions delivered in community pharmacy over time,”
Journal of Asthma, vol. 47, no. 3, pp. 251–256, 2010.
[50] I. A. Basheti, H. K. Reddel, C. L. Armour, and S. Z. BosnicAnticevich, “Improved asthma outcomes with a simple inhaler technique intervention by community pharmacists,”
Journal of Allergy and Clinical Immunology, vol. 119, no. 6,
pp. 1537-1538, 2007.
[51] C. L. Armour, H. K. Reddel, K. S. LeMay et al., “Feasibility and
eﬀectiveness of an evidence-based asthma service in Australian community pharmacies: a pragmatic cluster randomized trial,” Journal of Asthma, vol. 50, no. 3, pp. 302–309,
2013.
[52] C. Bouwmeester, J. Kraft, and K. M. Bungay, “Optimizing
inhaler use by pharmacist-provided education to communitydwelling elderly,” Respiratory Medicine, vol. 109, no. 10,
pp. 1363–1368, 2015.
[53] S. C. Allen and S. Ragab, “Ability to learn inhaler technique in
relation to cognitive scores and tests of praxis in old age,”
Postgraduate Medical Journal, vol. 78, no. 915, pp. 37–39,
2002.
[54] O. Usmani, T. G. D. Capstick, H. Chowhan, and J. Scullion,
“Guidelines in practice: choosing an appropriate inhaler
device for the treatment of adults with asthma or COPD,”
2017, https://www.guidelines.co.uk/respiratory/choosing-anappropriate-inhaler-device-for-the-treatment-of-adults-withasthma-or-copd/252870.
[55] J. B. Fink and B. K. Rubin, “Problems with inhaler use: a call
for improved clinician and patient education,” Respiratory
Care, vol. 50, no. 10, pp. 1374-1375, 2005.
[56] I. Sulaiman, G. Greene, E. MacHale et al., “A randomised
clinical trial of feedback on inhaler adherence and technique
in patients with severe uncontrolled asthma,” European Respiratory Journal, vol. 51, no. 1, p. pii: 1701126, 2018.
[57] M. Gaga, K. Samitas, and E. Zervas, “Inhaler adherence in
severe asthma: is there an electronic solution?,” European
Respiratory Journal, vol. 51, no. 1, p. pii: 1702219, 2018.

9

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

