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When it comes to the use in inhalers in the management of chronic obstructive pulmonary diseases, there are many
options, considerations and challenges, which health care professionals need to address. Considerations for prescribing
and dispensing, administering and following up, education, and adherence; all of these factors impact on treatment
success and all are intrinsically linked to the device selected. This review brings together relevant evidence, real-life data
and practice tools to assist health care professionals in making decisions about the use of inhalers in the management of
chronic obstructive pulmonary diseases. It covers some of the key technical device issues to be considered, the evidence
behind the role of inhalers in disease control, population studies which link behaviors and adherence to inhaler devices
as well as practice advice on inhaler technique education and the advantages and disadvantages in selecting different
inhaler devices. Finally, a list of key considerations to aid health care providers in successfully managing the use of inhaler

devices are summarized.

Keywords: Pulmonary Disease, Chronic Obstructive; Device; Inhaler

Introduction

Despite the existence of evidence-based guidelines, strate-
gies and educational material for patients, asthma control
remains a problem in the community. The reasons for this are
multifactorial and well document and include incorrect diag-
nosis, co-morbidities, such as allergic rhinitis, smoking, subop-
timal medication dosing, and other phenotypes'. In this, inhal-
er technique is an important medication-related issue. While
it is often not the only problem, it appears to consistently be a
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problem and often co-exists with poor adherence®’. Despite
the complexity of the relationship between adherence, inhaler
technique and disease control, improving inhaler technique
and ensuring that the most appropriate inhaler is used by the
patient, is critical to achieving good disease outcomes™ ",

In order to overcome the issue of inhaler technique and
effective drug delivery, device designers work to make innova-
tive devices that will enable the effective delivery of drug to
the lung". However, these innovations are often complex and
from the health care providers perspective, it comes down to
several more fundamental factors, which also include inhaler

technique.

Technical Characteristics of the Device

The key to using inhaler devices to deliver medication in
respiratory diseases is to ensure that medication is delivered
effectively to the lungs, i.e, that drug delivery from the inhaler
devices results in drug deposition in the lower airways. Depo-
sition of drug into the lungs is directly correlated with the clini-
cal effects of the drug'""* and therefore is an important feature
of device design.

While it is accepted that optimal inhaler use is more than
just selecting the inhaler, it is important for health care profes-
sionals to understand the key technical features of devices. It
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is often within these technical features that device designers
and manufacturers build innovation and sophisticated tech-
nology. These technical features are often promoted as the
key difference between the different inhalers and certainly do
impact on the specific way in which an inhaler is to be used.

There are a range of technical characteristics that are impor-
tant when it comes to the design of inhalers; however, aerosol
velocity, aerosol duration, particle size, and internal device re-
sistance are most commonly noted'*". Below is a discussion
of these features as they relate to patient use and potential
considerations.

1. Aerosol velocity and aerosol duration

Aerosol velocity relates to the velocity of the aerosol as it
leaves the inhaler i.e. how quickly the aerosol comes out of the
device; while aerosol duration relates to the length of time it
takes for a dose of the aerosol to be released from the inhaler.
Both aerosol velocity and aerosol duration are related to pres-
sured metered dose inhalers (pMDI) as they relate to a device
in which aerosol is released from the device and the speed
and duration of this research can not be controlled by the user
(ie., it is independent of inspiratory flow of the user). In prac-
tical terms, both aerosol velocity and aerosol duration have
implications with regards to the patient’s ability to coordinate
inspiration and actuation of their pMD], and subsequently to
the amount of drug deposited either into the airways or into
the orophargyneal cavity™.

With regards to aerosol velocity, the concept is that the
faster the aerosol velocity, the more critical the co-ordination
of inspiration. If a patient actuates too early, i.e., before they
start to inspire or if a patient coordinates too late, i.e, after they
have almost finished inspiring, suboptimal dose of aerosol will
be deposited in the lungs and instead will be deposited in the
oropharyngeal cavity.

With regards to aerosol duration, the concept is that the
longer it takes for all the drug to be released from the pMDI,
the more forgiving the device is in terms of coordinating the
inspiration and device actuation, i.e., the longer the aerosol
duration, the longer time it takes for all the drug to be released
and minimizing the impact of poor coordination.

Both aerosol velocity and aerosol duration become impor-
tant technical features for device consideration for patients
who continue to have trouble coordinating inspiration and
device actuation, even following repeated training.

2. Particle size

It is well established that in order for the drug particles
released from a device to penetrate into the lungs, they need
to be of a particular particle size”*. A highly efficient device
is one, which releases a high proportion of drug within the
respirable particle size of 1-5 pm* . That is, an efficient de-
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vice is one in which has a high fraction of the emitted dose
from an inhaler that has the potential to be deposited into the
lungs. This is known as the fine particle dose (also the respi-
rable dose). The higher the fine particle dose released from
the inhaler, the more efficient the drug as a higher proportion
of delivered drug is deposited in the lower airways. Conse-
quently, the more drug deposited in the lower airways, the
less deposited higher up in the respiratory tract, including the
oropharyngeal cavity'’.

3. Internal device resistance

Internal devices resistance is a technical characteristic of dry
powder inhalers (DPIs), which relates to the “force” required
to be created inside the device, in order for a fine particle dose
to be released. This “force” is generated by the inhalation rate
used by the patient when using the DP], together with the re-
sistance (and hence design) inside an inhaler*’. Devices with
high internal resistance require the patient to inhale more
forcefully from the inhaler than devices with low resistance.
There is a large difference between inhalers when it comes to
internal resistance” and this impacts on the way in which the
different inhalers need to be used.

In practical terms, this is most directly related to the inspi-
ratory flow that can be generated by the patient, which, in
some cases when airway function is severely compromised,
may compromise the fine particle fraction delivered into the
lungs™. It should be noted that while high resistance inhalers
require more forceful inspiration, forceful inspiration through
a low resistance inhaler may also be problematic, having
implications for drug deposition in the oropharyngeal cavity.
Therefore, when it comes to internal resistance of an inhaler, it
is important for the patient to follow the instructions issued by
the manufacturer.

Use of the Device

While much research and development goes into the design
and manufacture of new and novel inhalers, meta-analysis has
shown that as long as the patient uses their device correctly,
i.e, are able to demonstrate correctly technique as articulated
in the manufacturer’s instructions, good clinical outcomes can
be achieved™”. Therefore, the way in which the patient uses
the device is critically important.

It has long been established and continues to be recognized
that the inhaler technique of patients using inhaler devices
is poor, with a high proportion of patients not being able to
demonstrate correct use of their inhaler”. The issue of poor
inhaler technique is important and the importance of this
issue is reflected, in the fact that inhaler technique is noted
over 70 times in the latest global strategies for the manage-
ment of asthma and chronic obstructive pulmonary disease
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(COPD)™¥. In fact, outside of the process of diagnosis, inhaler
technique is noted within the reports across all areas within
the management process, whether it be in training a patient
on inhaler technique when the device/medication is first pre-
scribed or reviewing inhaler technique over time.

The reason for this focus on inhaler technique is because
evidence indicates that poor inhaler technique often co-exists
with poor adherence and poor disease control*®. In fact, the
CRITIKAL study has identified that specific inhaler technique
errors (i.e, ‘critical” errors) are associated with increased risk
of negative asthma outcomes, including poor control and
increased exacerbations®. While recent research exploring
inhaler technique in patients with chronic obstructive pulmo-
nary disease finds a similar relationship between poor inhaler
technique and severe COPD exacerbations™. Further to this,
research shows that when inhaler technique is corrected, im-
provements in asthma control are observed and risk of future
exacerbations is reduced” ",

Improving Inhaler Technique

After decade of recording inhaler technique, it can be said
that inhaler technique research has been a field of research in
itself. However, from the practical perspective and certainly
for health care providers, there are several key principles to
consider when attempting to ensure that correct technique is
used.

1. Inhaler technique is devices specific

Inhaler technique is device specific, i.e, regardless of device
type, device technique is specific for the actual device. For this
reasons, patient and health care provider organizations pro-
duce device specific checklists and videos and these need to
be used to ensure that each device is used correctly. Device-
specific resources are easily available on the internet and
mostly free of charge. An example of the breadth of resources
available in Australia is found on a series of website produced
by national organisations such as the National Asthma Coun-
cil”* and NPSMedicineWise™.

2. The method of training inhaler technique is important

Although most patients can be taught how to use their in-
haler device, the most effective method of training includes
a one-on-one physical demonstration with a placebo inhal-
er”"". This needs to be completed by a health care profession-
al or health educator who is able to use an inhaler correctly
and is knowledgeable with regards to some of the common
misconceptions regarding different devices™. Research shows
that the ability of health care providers to demonstrate correct
technique is poor and without training, most devices are not
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intuitive to use™. There is evidence that utilizing technology to
provide patients with feedback on specific errors may also be
helpful®.

3. Inhaler technique is not stable

Inhaler technique is not necessarily stable and even though
a patient can be taught the skill, inhaler technique education
needs to be repeated to ensure that patients maintain correct
technique over time. Research, conducted with a range of dif-
ferent inhaler devices, consistently shown that even though
a majority of patients can be taught how to use a device (ie.,
they are able to learn the skill), up to 50% of patients come
back to the health care provider 1 month later, making inhaler
technique errors'**"**. Therefore, inhaler technique needs to
be checked and, where appropriate, corrected over time.

4. Inhaler technique and adherence are related

In addition to the fact that poor inhaler technique and poor
adherence commonly co-exist*®, there is evidence that these
two constructs may be related in a more fundamental way'.
This follows research showing that inhaler technique mainte-
nance is related to patient psychosocial factors, such as moti-
vation'’; while further exploration of this motivation provides
insights that patients’ perceptions of the threat posed by their
asthma, their perceived confidence in the strategies suggested
for managing their asthma and their confidence in carrying
out those strategies are linked to their ability to retain correct
inhaler technique over time"". Research further goes to show
that recent self-reported adherence, may be a predictor for
future inhaler technique maintenance.

5. Patient preference

When deciding on which inhaler device might best suit a
patient, it is important to consider that the factors important
to a patient may not necessarily be those important for the
health care provider. The concept of a patient using an inhaler
because they prefer it is an interesting one. There have been a
numbers of studies exploring patient satisfaction and prefer-
ence, attempting to link these constructs to the patient’s ability
(or willingness) to use their inhaler" . It should be noted that
often the studies reporting patient preference or satisfac-
tion do so as an aside to comparing two or more inhalers on
some other aspect of use and then asking patients for their
preferences. Invariably, patients report a preference for the
new inhaler. It is difficult to interpret the importance of this to
the actual use of the inhaler. What is known is that in real-life,
patients rarely get a choice of which inhaler they would like to
use and often consider the inhaler and the medication con-
tained in it as one entity™".
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The Strength and Weakness of Different
Devices in Practice

Given the consideration that devices different in how they
can be used from a technical perspective, there are therefore
considerations that can be made regarding the use of inhalers,
and potentially the importance of selecting an inhaler that will
suit the patient. Table 1 provides a simple summary of key as-
pects of the three main devices types and some of the specific
factors that may be considered strengths and weaknesses for
use. Some of these factors relate to the technical features of the

devices, others relate to user aspects, which may impact on
the likelihood of the device being used appropriately. Figure
1 provides a guide to a decision-making process, which can
be used health care providers by health care professionals to
guide selection of devices.

Conclusion

There are a number of factors that could be considered in
in selecting a device for a patients; however, it is important

Table 1. Summary of strengths and weakness of pressurized metered dose inhalers (pMDIs), dry powder inhalers, and soft

mist inhalers

Summary

Pressurized metered dose

Contains propellant

‘Cold freon’ effect

56

smaller particles

52,56,61

Strengths Compact and portable
Convenient (multidose)
Breath-actuated

No propellants

Minimal coordination required
May have a dose counter

Weaknesses™™**' Passive inhaler

Moisture-sensitive
High oropharyngeal deposition

Dose inconsistency

pMDISs deliver a predefined dose of medication in the form of a fast and short-lasting aerosol™. Drug delivery
requires coordination of pMDI activation with a deep and slow inhalation, followed by breath-holding™.

inhalers
Strengths™ Compact and portable
Dose consistency
Multidose (>10 doses)
Can be used with a wide range of inhaler therapies
Not affected by humidity
Weaknesses™*"* Rapid-moving and short-lasting aerosol

Low lung deposition/high oropharyngeal deposition

Requires good coordination of actuation and inhalation
The majority of devices lack a dose counter

Dry powder inhalers (DPIs) DPIs require energy from the patient’s inhalation to disperse a powder formulation from the device into
. The flow rate required to produce a successful release of fine particles depends on the
intrinsic resistance of the device and the precise inhalation technique required*”. New-generation DPIs
are ‘active, using battery power to disperse the drug formulation and reduce the need for a high respiratory
flow rate but are more expensive than passive DPIs™.

The flow rate to generate the fine particle fraction and release the drug is dependent on the internal resis-
tance of the device, and varies between DPIs

For low-resistance DPIs, the high inspiratory flow required to disaggregate the drug can result in high oropha-
ryngeal impaction and low lung deposition

56
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Table 1. Continued

Summary

Soft mist inhalers

525861 Active inhaler

Strengths
Compact and portable
Easier to coordinate than pMDIs

Low inspiratory flow required

High fine particle fraction

Consistent dosing (active inhaler)

No propellant
Not affected by humidity
Weaknesses®>>>°¢62

Requires priming before first use

Inhalers (Respimat) that produce a soft mist with low velocity, long-lasting aerosol'”. It is recommended that
patients take a slow, deep breath followed by a breath-hold for 10 sec™.

High lung deposition/low oropharyngeal deposition

Multi-dose (1-mo supply) with dose indicator

Requires some coordination of actuation and inhalation

Require hand grip strength for loading the cartridge, an issue for patients with weak manual strength
If unused for a period of time, additional priming is required

Inhaler must be discarded once all doses are delivered or 3 mo after preparation for the first use

62
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to note that ultimately, regardless of the inhaler devices pre-
scribed, unless the patient is able to use the inhaler correctly
and as recommended by the health care professional, only
sub-optimal disease management will be achieved. Therefore,
following the recommendation of any inhaled medication, it
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pMDlI+tspacer

DPI

Breath-actuated aerosol
Soft mist inhaler

pMDI+spacer

DPI

Breath-actuated aerosol
Soft mist inhaler

pMDI+spacer
Breath-actuated aerosol
Soft mist inhaler

pMDI+spacer
Breath-actuated aerosol
Soft mist inhaler

Nebuliser Figure 1. Pathway to device selection.

Modified from Dekhuijzen et al. Respir
Med 2013;107:1817-21, according to

the Creative Commons license™. pMDI:

MDI+ i i
pMDI+spacer pressurized metered dose inhaler; DPI:

Nebuliser

dry powder inhaler.

is important for health care professionals to effectively train
the patient in the use of their inhaler and to regularly follow up
with any addition inhaler technique education to ensure that
the patient maintains correct inhaler technique over time.
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