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Abstract

Aerosol inhalation is considered the optimal route for administering the majority of drugs for the treatment of obstructive airways diseases.
A number of Pressurised Metered-Dose and Dry Powder Inhalers are available for this purpose. However, inhalation of therapeutic aerosols
is not without difficulty; it requires precise instructions on the inhalation manoeuvre, which is different from spontaneous normal breathing.
Also, the characteristics of the inhaler device have to be suitable for the user. Available data indicate a frequent lack of knowledge
demonstrated by health professionals and patients on the inhalation manoeuvre and handling of inhalers, resulting in a reduction of
therapeutic benefit. This paper reviews the literature concerning the fundamental aspects of inhaler devices, inhalation manoeuvre and
device selection, in an attempt to increase the knowledge of, and to optimise the clinical use of, therapeutic inhalers.
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Introduction
Aerosol inhalation is considered the optimal route of
administering the majority of drugs for the treatment of
obstructive airway diseases. The major and most important
advantage of inhaled therapy is that drugs are delivered
directly into the airways, producing higher local
concentrations for better efficacy and with significantly less
systemic exposure with less risk of systemic side effects.1-3 For
this, a number of different inhalation devices are available.
The pressurised metered-dose inhaler (pMDI) is presently the
most commonly used. Alternatively, drugs can be
administered by dry powder inhalers (DPI) or nebulisers. Since
inhalation therapy will probably remain the cornerstone of
asthma and chronic obstructive pulmonary disease (COPD)
treatment for the foreseeable future, it is important to provide
helpful information that may assist physicians and nurses to
select appropriate devices for individual patients. This paper is
the second in a series of reviews on various inhalation therapy
topics being published in this journal by the ADMIT working
group (see Addendum for affiliations and see the first review
paper4 for individual conflict of interest declarations). The first
paper focused on asthma control, its components, and the
limiting influences on patients’ achievement of asthma
control.4

Most studies on inhalation technique have been
performed in patients with asthma,5 and less is known of
COPD patients.6-8 However, in our opinion the fundamental
aspects related to inhaler devices, their prescribing, and the
inhalation technique required, apply to both groups of
patients. One of the forthcoming papers in the ADMIT series
will address inhalation issues specifically in COPD patients,
and another will deal with nebulisers.

Information on the characteristics and performance of
different inhalers has been reviewed previously.9,10 There is a
need to increase knowledge and optimise clinical use of
therapeutic aerosols. This paper is an overview of the key
requirements for the successful use of current pMDI and DPI
inhalers, both from the point of view of manipulation of the
devices and the necessary inhalation manoeuvres.
Furthermore, key characteristics and peculiarities of the most
commonly used inhalers, and critical aspects of their use
which are essential for efficient drug delivery, are discussed.

Pressurised metered-dose inhalers
(pMDIs)
In some countries cost considerations dictate the high
prescribing of pMDIs, despite the fact that many adults and
children have difficulty using them.11,12 Inefficient inhalation
technique is a common problem, resulting in poor drug
delivery and reduced disease control.13 Assessment of pMDI
use in 1173 outpatients attending a respiratory clinic showed

that 51% of them had serious problems co-ordinating
actuation with inspiration, 24% of these patients stopped
inhaling prematurely after actuation, and in 12% the aerosol
was released into the mouth while inhaling through the
nose.11 Between 8 and 59% of pMDI users have poor or
inadequate inhalation technique,5 the main problem being
difficulty in co-ordinating pMDI actuation with inspiration.5,11

Inhaler technique in patients using the pMDI is further
complicated by the exit velocity and evaporation temperature
of aerosol propellants (freons). The sudden impact of cold
freon onto the oropharynx can lead to a reflex arrest of
inspiration (‘the cold freon effect') or continuation of
inspiration through the nose instead of the mouth.11 This
problem may be less marked with the new hydrofluoroalkane
(HFA) propellant-driven pMDIs due to their slower speed of
delivery.14

Training and pMDI use
The importance of training patients how to use a pMDI was
emphasised by Orehek et al.15 and Paterson and Crompton16

as early as 1976. They concluded that the majority of
asthmatics probably derive incomplete benefit from the use
of pMDIs. A few years later, Gayrard and Orehek17 reported
that only 28% of an untrained group of asthma patients
demonstrated correct use of the pMDI compared to 52% in
the case of a trained group. Lenney et al,18 in a study of 100
adults naïve to inhaler devices and tested for their ability to
use six different inhalers, found that only 21% could use the
pMDI efficiently after reading and assimilating the
manufacturers’ package insert, and only 52% could do so
after expert tuition. The problem is compounded by the fact
that with time many patients lose the ability to use a pMDI
correctly.5,11 Hence, a pMDI should only be prescribed for
patients who have demonstrated they can use it correctly.
Furthermore, the patient’s inhalation technique should be
checked regularly during follow-up. There are a number of
devices available for training health professionals as well as
patients in the use of inhalers, such as the 2Tone (Canday
Medical Ltd), Vitalograph AIMS Machine (Vitalograph, UK)
and In-Check Dial (Clement Clarke Ltd, UK). A list of the
advantages and disadvantages of pMDIs is presented in Table
1 and essential features of the correct usage of these are
summarised in Table 2. 
Spacers and holding chambers
Spacer devices or holding chambers (i.e. a spacer with a one-
way inspiratory valve) placed between the actuator and the
mouth are used to reduce the problems of co-ordinating
actuation and inhalation with pMDIs, as well as
oropharyngeal impact. Impaction of larger particles on the
wall of the device prior to inhalation and size reduction by
evaporation of droplets initially unsuitable for inhalation,
optimises the aerosol particle size whilst reducing side-effects
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related to oropharyngeal deposition and gut absorption.19 The
net result of adding a large volume holding chamber will
depend upon the relative effects of the chamber on lung and
gut bioavailability of the drug, as reviewed by Lipworth.20

Lung aerosol deposition and availability may also differ when
a given holding chamber is used with either a CFC- or an
HFA-propelled pMDI.21 Holding chambers don’t prevent
inconsistent medication delivery caused by electrostatic
charge of the aerosol, incorrect operation or patient specific
factors.22

There are a large number of different commercially
available spacer-pMDI combinations and each have their own

performance characteristics. Some spacers (for example the
Aerochamber®) are not inhaler-specific, and are designed to
allow connection with any pMDI, and some have a facemask,
helpful in delivery of drug in children. Low volume spacers
can reduce the respirable dose by 60% and offer less
protection against poor co-ordination.23 Therefore, a spacer
device with a volume of over 100ml is preferable. 

Bronchodilatory therapy via nebulisation or pMDI plus
spacer is recommended for the management of
exacerbations of asthma and COPD as per Global Initiative on
Asthma (GINA)24 and Global Initiative on Chronic Obstructive
Lung Disease (GOLD)25 guidelines. Studies suggest that they
are equally effective.10

Essential features of the correct usage of the pMDI with a
spacer are summarised in Table 3.
Breath-actuated pMDIs
Breath-actuated pMDIs are alternatives to pMDIs used with or
without a spacer. These devices contain a conventional

Type Advantages Disadvantages

Table 1. Advantages and disadvantages of pMDI and DPI.

pMDI (pressurised
metered dose inhaler)

pMDI + Spacer

Breath actuated pMDI

DPI (dry powder inhalers)

Portable and compact 
Difficult to contaminate
Less expensive than most other inhalers
Dose delivered and particle size independent of
inhalation manoeuvre
Suitable for emergency situations
Short treatment time
Available for most inhaled drug formulations

Suitable for small children and impaired adults
Reduction of oropharyngeal deposition
Suitable for emergency situations

Overcomes co-ordination problems
Short treatment time

Small and portable
Breath actuated
Less patient co-ordination required
Short treatment time
Available for most substances 

Requires co-ordination of inspiration and actuation 
High oropharyngeal deposition (without spacer)
Not suited for children < 6 years (without spacer)
No dose counter to assess remaining doses
Propellant required
Sensitive to low ambient temperature

Delay, multiple puffs and static charge reduce lung
bioavailability
Bulky; much less portable than pMDI alone
Most spacers are specifically designed for a given pMDI

Induces interruption of inhalation in some (cold freon effect)
More bulky and noisy than conventional pMDI
Requires a higher inspiratory flow to be triggered

Moderate to high inspiratory flow required
Not suited for children < 4 yr
May not be appropriate for emergency situations
Some sensitive to humidity
Not suitable for delivering large doses of bronchodilators

1) Take the cap off the inhaler mouthpiece.

2) Shake the inhaler.

3) Hold the inhaler upright.

4) Breathe out.

5) Place the inhaler mouthpiece between the lips (and the 

teeth); keep the tongue from obstructing the mouthpiece.

6) Trigger the inhaler while breathing in deeply and slowly

(this should be at about 30 l/min).

7) Continue to inhale until the lungs are full.

8) Hold the breath while counting to 10.

9) Breathe out slowly.

(*) Modified from ref. 47

Table 2. Correct technique for using a pMDI (*).

1)  Take the cap off the inhaler mouthpiece.

2)  Shake the inhaler.

3)  Connect pMDI mouthpiece to the back of the spacer.

4) Put spacer’s mouthpiece between your teeth and close the

lips around it.

5)  Actuate canister once, inhale slowly and deeply 3-5 times.

Table 3. Correct technique for using pMDI + spacer
(inhalation chamber).
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pressurised canister and have a flow-triggered system driven
by a spring which releases the dose during inhalation (for
example the Autohaler®). A study investigating the breath-
actuated pMDI found no significant difference in lung
deposition between ‘good’ and ‘bad’ users.26 In both groups
of subjects, deposition was close to that achieved by optimal
pMDI users, optimal use being based on appropriate co-
ordination between deep inspiration and puff release and
post-inspiration breath-holding of a few seconds.26 However,
breath-actuated devices (and some DPIs) have the
disadvantage of requiring a relatively higher inspiratory flow
of approximately 30 L/min  for triggering drug release – when
they generate a “click”,27 thus providing some auditory
feedback of device actuation. As in the case of pMDIs, breath-
actuated pMDIs are also prone to inducing the “cold freon
effect” which may interrupt inhalation as the cold blast of
medication hits the back of the pharynx. This limitation might
be improved by the new Autohaler® propelled with
hydrofluoroalkane-134ª instead of CFC.28 The correct use of
breath-actuated devices is summarised in Table 4.

Dry powder inhalers 
The first DPI, the Spinhaler, was introduced into clinical
practice in the early 1970s, exclusively for use with disodium
cromoglicate.29 In 1977, a single dose DPI (Rotahaler) was
introduced for use with salbutamol, and for use with
beclometasone dipropionate in the following year.30 The
Turbuhaler31 and Diskhaler32 were the first multi-dose DPIs
available for clinical practice, followed some years later by the
Diskus/Accuhaler.33 Following the clinical success of the DPI,
several gravity-fed reservoir inhalers have been produced. DPI
advantages and disadvantages are summarised in Table 1.
DPIs are actuated and driven by inspiratory flow, as are
breath-actuated pMDIs. Consequently, DPIs and breath-
actuated pMDIs require less co-ordination between inspiration
and firing of the device for drug delivery as compared to

pMDIs. As opposed to the manoeuvres required with a pMDI,
an initially high inspiratory flow is needed to disaggregate the
drug powder in the DPI into respirable particles. A forceful
inhalation through the inhaler will result in better
disaggregation, finer particles, and consequently greater
transfer of respirable drug particles to the airways.34 Thus, to
achieve a high lung deposition of drug from a DPI, a ‘deep
and forceful’ inspiration with a very rapid onset should ideally
be performed; this seems to be attainable by most patients33,34

(see Table 5). The need for an initially high inspiratory flow
varies for the different devices.35

Since exacerbations of asthma and COPD are associated
with considerable airflow limitation and respiratory muscle
fatigue, some studies have investigated the efficacy of the use
of DPIs in the acute setting. Brown et al. concluded that 98%
of 99 acute asthma patients could generate sufficient
inspiratory flow (peak inspiratory flow >30 L/min) through the
Turbuhaler.36 Nevertheless, international guidelines suggest
the use of nebulisers or a pMDI plus spacer in the acute
setting.24,25

High ambient air humidity hinders disaggregation and this
can result in impairment of drug delivery37 – hence the
importance of adherence to the manufacturer’s advice on
storage and manipulation of the inhaler.

In “real life” studies on pMDIs and DPIs, between 11 and
32% of patients make an ‘essential’ mistake in their
inhalation technique6,38 – an ‘essential’ mistake being defined
as one that may drastically reduce or even prevent the
deposition of a drug in the lungs. Examples are: lack of
inhalation through the mouthpiece; not rotating the basal
grip of the Turbuhaler (in the upright position) before
inhalation; blowing in the device before inhalation (which
may cause valvular dysfunction); or inhaling too fast while
pressing the canister of the pMDI.38 Two other studies failed to
demonstrate clear differences in inhaler technique due to age
(20-81 yr), or education.7,13

Teaching the use of inhalers 
There are many available DPI inhaler devices all with particular

1) Take the cap off the inhaler mouthpiece (Autohaler).

2) Cock the lever at the top (Autohaler).

3) Shake the inhaler.

4) Hold the inhaler upright.

5) Breathe out.

6) Place the inhaler mouthpiece between the lips (and the 

teeth); keep the tongue from obstructing the mouthpiece.

7) Breathe in deeply and slowly without stopping.

8) Continue to inhale until the lungs are full.

9) Hold the breath while counting to 10.

10) Breathe out slowly.

Table 4. Correct technique for using breath-actuated
pMDI. 1) Remove mouthpiece cover

2) Sit upright or stand

3) Exhale deeply, away from the mouthpiece

4) Put mouthpiece between teeth and close lips around

5) Inhale deeply and forcefully

6) Remove Inhaler from the mouth

7) Hold breath for 10 seconds

8) Breathe out slowly

(*) Modified from ref. 7 and 18

Table 5. Correct technique for the DPI (*).
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instructions for use. Consequently, health professionals
should be instructed and trained in the use of each individual
device before they can educate patients. The preparation and
manipulation for loading each different device, as well as the
general maintenance required, should be provided in the form
of clear instructions for patients39 (see Table 5). In one study,
(verbal) group instruction seemed to be more effective than
personal or video instruction,40 whereas in another study
written instruction alone was inadequate.11

Tailoring the device to patients’ needs,
preferences and ability
Since the inhaler technique required for different types of
device is so different, it seems sensible to prescribe a single
type of device for different drugs for individual patients.8,41

However, this is not always possible, and so different
drug/delivery device combinations are prescribed; therefore, it
is important to ensure the patient can use them.
Unfortunately, lack of knowledge amongst health
professionals is one of the major obstacles to the effective
training of patients in inhaler technique.42-44

Important factors to consider when selecting an inhaler
include the patient’s preference and their ability to use and
generate an appropriate level of inspiratory flow for the
preferred device. For patients with spontaneous breathing,
good co-ordination and poor inspiratory flow (e.g. patients
with severe airways obstruction), a pMDI may be the first
choice. For patients with inadequate co-ordination but with
sufficient inspiratory flow of >30L/min (e.g. children > 4 years
of age, some elderly patients),  a DPI, pMDI + spacer, or a
breath-actuated pMDI are all possible choices. Where
necessary, pMDI inhaler aids like the ‘Haleraid®’ may assist
patients in actuating the device. For patients who are unable
to co-ordinate actuation and inhalation and/or generate
insufficient inspiratory flow, the combination of a pMDI with
a spacer is the obvious choice. While not included in this
review, a nebuliser could be used as an adequate alternative
to a pMDI + spacer) and a DPI, where appropriate, especially
in the acute setting.24,25 However, nebulisers are not
recommended for regular treatment because they are more
expensive, time-consuming to use and require appropriate
maintenance. Furthermore, there is evidence that a larger
systemically absorbed dose is administered by nebulisers.10

The physician’s knowledge of devices combined with the
patient’s preferences influence prescribing.18 In order to
facilitate the choice of drug/device combinations for an
individual patient, we have summarised some useful
questions in Table 6.

Inhalation technique follow-up
An asthma or COPD clinical review should allow sufficient

time for checking and instructing patients on their inhaler
technique. This should be repeated regularly in follow-up
visits, since patients tend to forget the appropriate inhaler
technique and sometimes introduce new errors with time.45,46

Recently, GINA and GOLD have published updated treatment
guidelines focused on achieving asthma control24 and
improving the prevention and management of COPD.25 If
control is maintained for at least three months it would be
appropriate to consider stepping down inhaled treatment
gradually. Conversely, if asthma is not controlled or symptoms
are increased in the COPD patient, it may not be appropriate
to step up the treatment immediately; it would first be wise to
consider the presence of aggravating (trigger) factors, poor
adherence to medical advice, and inefficient inhaler
technique. Inhaler technique should be checked routinely and
where appropriate patients need to be taught, and have their
inhaler technique corrected and checked regularly, during
follow-up. If the patient is unable to use a particular inhaler
type despite repeated attempts, a different device type should
be tried until successful. It should be remembered that the
most expensive inhaler device is the one that a patient cannot
use…

In cases where ongoing uncontrolled asthma or increased
symptoms of COPD persist in the face of correct inhaler
technique, then and only then should treatment be stepped up.

Conclusion
Inhalation therapy is one of the cornerstones of treatment for
asthma and COPD, in that the drug is delivered directly to the
target organ with higher efficacy and reduced risk of side
effects. Poor inhalation technique results in less drug
deposition in the lung with reduced therapeutic effects.
Delivery system properties, the patient’s ability to use a device
properly, the patient’s personal preference, and the
knowledge and skill of the physician, should be considered
when prescribing inhalation therapy in order to achieve the

- Which devices are available that deliver the desired drug?

- Can the same type of device be used for all inhaled 

drugs prescribed for the patient?

- Which device does the patient prefer to use?

- Is the patient capable of reproducing the correct handling 

and inhalation manoeuvre required?

- Which are the most convenient and portable for each 

clinical situation?

- With which devices is the physician familiar?

(*) Modified from ref. 48

Table 6. Questions for the selection of inhalation
devices (*).
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optimal clinical effect. In this paper we have presented basic
information and inhalation instructions concerning the most
commonly used inhalers, have described some ways of
overcoming difficulties encountered, and have also provided
several hints for clinicians to aid their selection of an
appropriate device for the treatment of their respiratory
patients. Finally, with so many possible factors that could
influence patient use and compliance with inhaled therapy,
we have emphasised the essential need to check and re-check
patients’ inhaler technique at every opportunity.
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