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Abstract

Pressurized metered-dose inhalers (pMDIs) are sometimes viewed as old-fashioned and as having been
superseded by dry powder inhalers (DPIs). Here, we review the technological advances that characterize
modern pMDIs, and consider how they can influence the effectiveness of drug delivery for patients with asthma
and chronic obstructive pulmonary disease. Compared with old chlorofluorocarbon (CFC)-based inhalers, many
hydrofluoroalkane (HFA)-driven pMDIs have more favorable plume characteristics such as a reduced velocity
and a higher fine particle fraction; together, these advances have resulted in the development of pMDIs with
reduced oropharyngeal deposition and increased lung deposition. In addition, the plume from many HFA-
pMDIs is warmer, which may facilitate their use by patients; moreover, devices are equipped with dose
counters, which improves their reliability. As well as reviewing the technological advances of pMDIs, we also
discuss the importance of individualizing inhaler therapies to each patient by accounting for their personal
preferences and natural breathing patterns. Because pMDIs and DPIs differ considerably in their handling
characteristics, matching the right inhaler to the right patient is key to ensuring effective therapy and good
compliance. Finally, the majority of patients can be trained successfully in the correct use of their pMDI;
training and regular monitoring of inhalation technique are essential prerequisites for effective therapy. While
the ‘ideal inhaler’ may not exist, pMDIs are an effective device option suitable for many patients. pMDIs,
together with other types of devices, offer opportunities for the effective individualization of treatments.
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Introduction

The first generation of pressurized metered-dose
inhalers (pMDIs), which used chlorofluorocarbon (CFC)

propellants, were an innovation in inhalation therapy. Al-
though the devices had some drawbacks, many of these have
now been overcome, and modern pMDIs are more con-
venient and effective than their predecessors.(1) Despite this,
pMDIs are still viewed by some as old-fashioned inhalers that
have been superseded by dry powder inhalers (DPIs).

Technical challenges of early CFC-pMDIs included a
high spray velocity and low plume temperature, which many
patients, particularly children, found unpleasant (the ‘cold
Freon’ effect).(1,2) Furthermore, the large droplet size and
high spray velocity favored deposition in the mouth and
throat, limiting drug delivery to the lungs.(1,2) Coordinating
inspiration with inhaler actuation proved difficult for some

patients. Early devices also lacked a dose counter, making it
difficult to tell how much medication was left;(1) thus,
pMDIs gained a reputation for having poor efficiency and
being difficult to use.

Despite this view, modern pMDIs remain a part of every-
day life for large numbers of patients. Data from 16 Euro-
pean countries showed that overall, pMDIs accounted for
almost half of all retail pharmacy sales of inhaled med-
ications between 2002 and 2008.(3) pMDIs were the most
frequently prescribed short-acting bronchodilator devices,
accounting for *55% of overall sales, compared with
*25% for DPIs; pMDIs were also used more commonly
than DPIs for inhaled corticosteroid (ICS) therapy.(3)

However, large variations were observed between coun-
tries: overall, pMDIs accounted for approximately 70% of
retail pharmacy inhaler sales in the UK, compared with less
than 20% in Sweden, Denmark, and Finland.(3) More recently,
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pMDIs contributed up to 56% of retail sales of inhalers
(some 25.4 million units) in the five largest European
countries (France, Germany, Italy, Spain, and the UK)
during the last quarter of 2011, compared with 26% and
15% for non-refillable and refillable DPIs, respectively, and
3% for breath-actuated MDIs.(4)

This clinically focused article provides an overview of the
technological advances that characterize modern pMDIs,
and discusses how these developments can improve the ef-
fectiveness of drug delivery for the treatment of patients
with asthma and chronic obstructive pulmonary disease
(COPD). It considers the different plume characteristics of
the newer pMDIs and the implications for drug deposition
compared with CFC-based devices; the review also dis-
cusses how factors such as education, training, and patient
preference can play a key role in the effectiveness of, and
compliance with, inhaler treatment.

History of Inhalation Therapy and Early Devices

Back to basics: The early history of inhalation therapy

Although the practice of inhalation therapy can be traced
back thousands of years, it was the nineteenth century that
saw the first advances in the development of inhalers, pri-
marily for the treatment of patients with tuberculosis.(5)

Initially, inhalers relied on either heat to volatilize the medi-

cation, or vapor to aerosolize it.(5) This changed with the first
known pressurized inhaler, presented at the Medical Acad-
emy in Paris, France in 1858, in which the liquid medication
was atomized using a pressure pump (Fig. 1).(5 6) This early
nebulizer was followed by the invention of Siegle’s steam
spray inhaler in Germany during the 1860s, which used
steam rather than compressed air to disperse the liquid
medication.(5,7) In 1864, a patent was filed in London, UK
for the first dry powder inhaler (DPI), which required the
powder to be pulverized and kept dry—principles that still
apply in today’s DPIs.(5)

The early twentieth century saw many advances in inhaler
design. Following the recognition that adrenal extract could
act as a bronchodilator, reports of its use to treat asthma, and
its delivery as an aerosol, soon followed.(5,7) Nebulizer de-
vices were developed, powered by electrical compression
(such as the Pneumostat manufactured by Weil, Frankfurt,
Germany in the early 1930s) or by hand (for example, the
Glaseptic made by Parke, Davis & Company, London,
UK).(5,7) In the 1930s, adrenalin chloride solution was
supplied as a bronchodilator in both glass-bulb and plastic-
bulb, hand-powered nebulizers.(7)

Introduction of pMDIs and DPIs

The pace of technological development accelerated in the
1950s, resulting in the refinement of delivery devices with

FIG. 1. Important milestones in the development of inhaler therapy. CFC, chloro-
fluorocarbon; DPI, dry powder inhaler; HFA, hydrofluoroalkane; pMDI, pressurized
metered-dose inhaler.

Aerohaler: trademark now registered by Boehringer Ingelheim Pharma GmbH & Co.
KG (Ingelheim am Rhein, Germany); Spinhaler: Fisons Limited (West Malling, UK);
Ventolin Rotahaler now registered by Glaxo Group Limited (Brentford, UK); Airomir: 3M
Health Care (St. Paul, MN, USA); Respimat: Boehringer Ingelheim Pharma GmbH & Co.
KG, (Ingelheim am Rhein, Germany); Diskhaler: Glaxo Group Limited (Brentford, UK);
Turbohaler: AstraZeneca AB (Södertälje, Sweden).
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two fundamentally different designs: pMDIs and DPIs. In
pMDIs, drugs (either in solution or in suspension) are ac-
tively expelled from a pressurized storage container by a
propellant. By contrast, DPIs have a passive mechanism that
relies on the inspiratory force generated by the patient, first
to extract the powdered drug from a reservoir or blister, and
then to disaggregate the powder into respirable particles.(1)

The introduction of the first aerosol-driven pMDI by Riker
Laboratories (now 3M Health Care, St. Paul, MN, USA) in
1956 was a significant milestone (Fig. 1).(5,8) The inhaler,
which contained the nonselective b-agonists isoprenaline or
adrenaline, was marketed as Medihaler-Iso and Medihaler-
Epi, and was increasingly used by patients with asthma.(8)

The DPI first appeared in 1948, when Abbott (Maiden-
head, UK) launched the Aerohaler� for the inhalation of
penicillin, using a lactose-based formulation (Fig. 1).(5) In
the 1960s, new DPIs were developed by Fisons (Spinhaler�)
and Allen & Hanbury’s (Rotahaler�). Both were single-dose
devices that needed to be reloaded before every actuation.
The Turbuhaler�, introduced by AstraZeneca (Södertälje,
Sweden) in 1987, was the first DPI to feature a multi-dose
reservoir with a self-metering mechanism.(1) Many other
types of DPI followed, using powder reservoirs, multiple
individual blisters, or disposable capsules.

The turn of the twenty-first century has also seen the de-
velopment of alternatives to pMDIs and DPIs, including the
Soft Mist inhaler (Respimat�) and breath-actuated pMDIs.(1,9)

Evolution of the Modern pMDI

pMDIs using CFC propellants

Propellants are volatile substances that form liquids when
cooled or compressed but are gaseous at ambient tempera-
ture and pressure, so they evaporate rapidly once ejected
from a pressurized storage container. In pMDIs that used
CFC propellants (CFC-pMDIs), the propellant was typically
a combination of highly volatile dichlorodifluoromethane
(CFC-12) with less volatile trichlorofluoromethane (CFC-
11) and/or dichlorotetrafluoroethane (CFC-114).(1) Other
compounds were also added to the drug–propellant mix to
improve the performance of pMDIs. Surfactants such as
oleic acid are used in inhalers containing drug suspensions
to reduce the aggregation of drug particles, thereby stabi-
lizing the suspension, and to lubricate the valve. In solution
inhalers, co-solvents such as ethanol may be added to in-
crease drug solubility.(1)

Although the first CFC-pMDIs represented a real step
forward in inhaler design, challenges remained in terms of
device handling and drug delivery. CFC-pMDIs produced a
rapid spray with a short duration. Owing to technical factors
such as actuator nozzle size, the spray contained relatively
large droplets and drug particles.(1) For many patients, co-
ordinating device actuation with inhalation proved difficult
with pMDIs, impeding drug deposition in the lungs and
therefore reducing effectiveness.

The fairly large droplets produced by CFC-pMDIs in-
creased oropharyngeal deposition;(1) this was compounded
by the high spray velocity that further increased impaction
on the back of the throat. Furthermore, some patients found
the sensation of the high-velocity cold plume produced by
the CFC propellant unpleasant, and this contributed to poor
inhaler technique.(1) A study in 215 patients showed that

24% stopped inhaling upon release of aerosol into the mouth
from a CFC-pMDI.(10) This ‘cold-Freon’ effect also induced
cough and even paradoxical bronchospasm in some patients.

Hence, although the introduction of pMDIs provided
patients with a convenient inhaler with many practical ad-
vantages, devices using CFC propellants were associated
with particle deposition in the mouth and throat and there-
fore with suboptimal lung deposition (only 10%–20%), as
well as adverse effects in the upper respiratory tract, such as
hoarseness and thrush with ICS.(2)

Introduction of the modern pMDI

Owing to environmental concerns about CFCs, other
propellants were sought for use in pMDIs. Two hydro-
fluoroalkanes (HFAs) were identified as suitable alterna-
tives, namely HFA-134a (tetrafluoroethane) and HFA-227
(heptafluoropropane). Inhalers using HFA rather than CFC
propellants were developed, and the first HFA-pMDI (Air-
omir�, 3M Health Care) was launched in 1994 (Fig. 1).(1)

However, the development of HFA-pMDIs was far from
straightforward, presenting a number of technical chal-
lenges. Apart from the propellant, some of the other com-
pounds and components used in CFC inhalers, such as
surfactants and seals, were not suitable for use with HFAs,
so alternatives had to be found. Other issues, such as valve
design to improve emptying and reduce the need for prim-
ing, adhesion of the formulation to the canister walls, and
the possibility of delivering higher drug doses per shot also
needed to be considered.(1) Additional clinical trials were
required to investigate the efficacy and safety of these new
formulations.(1, 2)

The switch to HFA propellants, however, provided the
opportunity to address some of the drawbacks associated
with CFC-pMDIs. While some HFA-pMDIs retained similar
plume characteristics to CFC-based devices, many HFA-
pMDIs were designed to deliver smaller particles, at a lower
spray velocity and warmer temperature.(1 2) The following
sections examine how changes in the particle size and plume
characteristics seen with HFA-pMDIs have created the po-
tential for improvements in drug delivery for patients, and
consider the impact that device handling can have on
treatment effectiveness.

Particle size and fine particle fraction

The effect of particle size on therapeutic response to
inhaled drugs has been recognized for many years.(11–13)

Assuming a flow of 0.5–1 L/sec on aerosol inhalation,
particles with an aerodynamic particle diameter of more than
5 lm tend to be retained in the oropharynx, where they may
cause local side effects. In contrast, particles with a diameter of
1–5 lm are increasingly likely to be deposited in the bron-
chial and pulmonary regions of the respiratory tract.(11,14,15)

The proportion of particles <5 lm diameter in an emitted
aerosol (the fine particle fraction [FPF]) correlates with lung
deposition, and can be influenced by device characteristics
such as nozzle diameter, the volume of the metered dose,
and the aerosol formulation.(1) HFA-pMDIs have been de-
veloped that can deliver a smaller particle size and a higher
FPF than the earlier CFC-pMDIs. This was illustrated by the
comparison of beclometasone delivery between a beclo-
metasone/formoterol HFA-pMDI (Foster�), which uses an
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extra-fine formulation, and a CFC-pMDI.(16,17) Compared
with the CFC-pMDI, the HFA-pMDI achieved a much lar-
ger FPF (35% vs. 18%) and a smaller particle size (mass
median aerodynamic diameter [MMAD]: 1.3 lm vs.
4.3 lm).(16,17) Note that the differences in particle size are
marked, as particle volume is related to the cube of the diam-
eter. This change in profile led to a reduction of more
than 50% in the dosing strength of beclometasone.(17,18)

Particle size and FPF depend not only on the inhaler, but
also on the inhalation technique of the patient. With DPIs,
the FPF is affected by the inhalation flow velocity of the
user.(19,20) This is because the deagglomeration of dry-powder
formulations into respirable drug particles depends on the
inspiratory force generated during inhalation.(19–21) In pMDIs,
drug particles become aerosolized upon actuation of the de-
vice, so low inhalation flow velocities have less of an impact
on the FPF.(22)

In vitro data indicate that the FPFs of ICS and long-acting
b2 agonist (LABA) components of asthma combination ther-
apies can vary not only between DPIs and pMDIs, but also
between different products within each device category, and
in different usage conditions.(22–24) In an in vitro study using
an Andersen cascade impactor, at a flow rate of 28.3 L/min,
ICS FPFs were low with a budesonide/formoterol DPI
(Symbicort� Turbuhaler: FPF: 8.2%; MMAD: 3.8 lm) and a
fluticasone propionate/salmeterol DPI (Seretide� Accuhaler�;
FPF: 12.5%; MMAD: 4.7 lm), and higher with a fluticasone
propionate/formoterol pMDI (Flutiform�; FPF: 41.2%; MMAD:
3.5lm) (Fig. 2).(22) Similar trends were observed for the FPF of
the LABA component. FPF was also measured at a higher flow
rate of 60.0 L/min, and was most consistent at the different flow
rates for fluticasone propionate/formoterol (Fig. 2).

In a separate study that used a next-generation impactor,
the ICS FPF of the beclometasone/formoterol pMDI (Foster�)
at a flow rate of 30 L/min was reported as 34% (MMAD:
1.1 lm).(23) This study also reported the ICS FPF and fine
particle dose (FPD) at flow rates of 30 and 60 L/min for
beclometasone/formoterol pMDI (Foster�: 40% and 54%
[FPF], and 34 lg and 47 lg [FPD], respectively) and flu-
ticasone propionate/formoterol pMDI (Flutiform�: 37%
and 34% [FPF], and 39 lg and 39 lg [FPD], respective-
ly).(23) This showed that FPF and FPD were more consis-
tent for Flutiform� than for Foster� at the different flow
rates.(25)

In addition, DPIs are susceptible to humidity, unlike
pMDIs. Dry-powder formulations are hygroscopic and tend
to congeal in humid conditions, which can lead to a marked
and permanent decrease in FPF although the overall dose is
not affected.(26) Furthermore, this could lead to increased
impaction in the upper respiratory tract, owing to the high
respiratory flows needed to deaggregate these larger par-
ticles. An in vitro study assessing the dispersion perfor-
mance of a DPI showed that throat deposition increased with
increasing device flow rate.(27)

Finally, it is worth mentioning that the FPF generated by
HFA-pMDIs is less dependent on ambient temperature than
those generated by CFC-pMDIs. One study reported a
marked drop in fine particle mass with a CFC-pMDI as
ambient temperature was reduced from +20�C to -10�C;
there was almost no change with the HFA-pMDI over this
temperature range, although this may not be the case for all
HFA-pMDIs.(1)

Plume characteristics of pMDIs

Plume characteristics, such as velocity, force, shape, and
temperature all affect lung deposition. The shift from CFC
to HFA propellants resulted in devices with qualitatively
improved plume characteristics, and reduced levels of throat
deposition.(1,28,29)

Many modern HFA-pMDIs have softer plumes than
CFC-pMDIs. The plume impact force of many (but not all)
HFA-pMDIs is typically about 4-fold lower than that of
CFC-pMDIs,(28,29) resulting primarily from the use of narrower
actuator nozzles in HFA-pMDIs.(1) Accordingly, a study com-
paring four CFC-pMDIs and five HFA-pMDIs reported a
tendency towards lower spray velocities with HFA propel-
lants. Spray velocities of the four CFC-pMDIs tested were
approximately 3-fold faster compared with three of the
HFA-pMDIs.(30)

In addition, plumes from HFA-pMDIs tend to be warmer
than those from CFC-pMDIs: minimum plume temperatures
may be up to 8�C with HFA-pMDIs, compared with ap-
proximately -30�C for many CFC-pMDIs.(28,29) It is worth
highlighting that not all currently available pMDIs share the
same plume characteristics; indeed, while most CFC-pMDI
sprays are very similar, HFA-pMDI sprays vary much more
from product to product.(1)

In the above-mentioned study, two of the HFA-pMDIs
had spray velocities that were faster than those of the other
HFA-pMDIs, and similar to those the CFC-pMDIs.(30) In
another in vitro study, mean minimum plume temperature
varied considerably between ten commercially available
pMDIs, and was influenced by factors such as orifice di-
ameter, metering volume, and choice of co-solvents. For
example, an ethanol–HFA-134a formulation delivered
through a fine actuator orifice was warmer than one using a
100% HFA-134a vehicle delivered through a coarse ori-
fice.(31) Similarly, in the in vitro study cited above, the
plume impaction temperature of fluticasone propionate/
salmeterol was -38�C at a distance of 25 mm from the
mouthpiece, considerably colder than that of fluticasone
propionate/formoterol (+6�C), possibly because of the use of
different types of HFA propellant with different boiling
points, or different excipients in each formulation.(25)

The same study also demonstrated that the plume of
fluticasone propionate/formoterol had a slower maximum
velocity and a *50% longer duration than that of fluticasone
propionate/salmeterol.(32) As would be expected for a pMDI
with a slower plume, fluticasone propionate/formoterol also
had an approximately 50% lower impaction force than fluti-
casone propionate/salmeterol.(25)

Lung deposition

In parallel with the changes in FPF, particle size, and
plume characteristics, the technical advances in pMDIs have
also resulted in increased lung deposition. Scintigraphy data
have shown that HFA–beclometasone achieves higher rates
of lung deposition than CFC–beclometasone and CFC–
fluticasone propionate, which were both associated with
higher oropharyngeal deposition (Table 1).(33) Lung depo-
sition can also be modeled using functional respiratory
imaging (FRI), which provides comparable estimates to
scintigraphy.(34,35) Recent FRI studies have reported total
lung deposition of pMDIs of 44% (fluticasone propionate/
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FIG. 2. Fine particle fractions and their flow dependency of the (a) ICS and (b) LABA
components of ICS/LABA combination therapies, showing variations between different
inhalers at different flow rates.

BDP/FORM, beclometasone/formoterol HFA-pMDI (Foster�, Chiesi Farmaceutici
S.p.A., Parma, Italy); BUD/FORM, budesonide/formoterol DPI (Symbicort� Turbohaler�,
AstraZeneca AB, Södertälje, Sweden); DPI, dry powder inhaler; FP/FORM, fluticasone
propionate/formoterol HFA-pMDI (flutiform�, Jagotec AG, Muttenz, Switzerland); FP/
SAL, fluticasone propionate/salmeterol DPI (Seretide� Accuhaler�, Glaxo Operations UK
Ltd, Hertfordshire, UK); HFA, hydrofluoroalkane; ICS, inhaled corticosteroid; LABA,
long-acting b2 agonist; pMDI, pressurized metered-dose inhaler.

With kind permission from Springer Science+Business Media: Combination Products in
Therapy, Fine particle profile of fluticasone propionate/formoterol fumarate versus other
combination products: the DIFFUSE study, volume 3, 2013, pages 39–51, Johal B, Howald M,
Fischer M, et al., Figure 1.(22)
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formoterol), 30% (beclometasone/formoterol), and *18%
(fluticasone propionate/salmeterol Evohaler� and Seroflo�)
(Table 1).(34,36,37)

Device handling and usability

Treatment guidelines for respiratory diseases such as
asthma recommend that inhaled therapy is individualized
for each patient, taking into consideration the patient’s pref-
erences and natural breathing patterns, their need for in-
haler training, and the need for regular monitoring of inhaler
technique.(38,39)

Unsurprisingly, poor inhaler technique is linked to poor
treatment outcomes. A large study involving more than
4000 patients with asthma found that individuals with in-
adequate pMDI technique had significantly less stable dis-
ease than those with good technique.(40) Correct inhaler
usage is thus an important prerequisite for achieving asthma
control, and increasing the dose or adding another treatment
is not a substitute for adequate technique.(39) It is therefore
concerning that outside the carefully controlled environment
of clinical studies, many patients often use their inhalers
incorrectly (regardless of whether they are prescribed a
pMDI or a DPI), and adherence rates for inhaler use have
been estimated to range from 20% to 73%.(39,41,42)

Handling errors with inhalers (whether a pMDI or a DPI)
can be regarded as either ‘critical’, which can lead to
treatment failure, or as ‘noncritical’, which may be associ-
ated with a risk of decreased efficacy or increased side ef-

fects. Studies evaluating inhaler technique show a wide
variation in the proportion of patients committing critical
errors. Two large surveys, involving over 1600 and almost
4000 patients, reported that 12%(43) and 28.1%,(44) respec-
tively, of patients made at least one critical error in inhaler
use with pMDIs, whereas a value of 81% was reported in a
smaller study in 156 patients.(45) The corresponding values
for patients using DPIs in the three studies were 34.5–
43.5%, 7.4–37.1%, and 15–45%, respectively. The most
common critical errors with pMDIs were related to inhalation
technique and its coordination with inhaler actuation. Studies
reported that approximately 10%–30% of patients did not
continue inhaling after actuation.(43,45–47) There were, how-
ever, some differences between the studies in what was
considered a critical error, making comparisons difficult. For
example, failure to actuate the inhaler at the start of inhalation
was considered a critical error in some studies,(45–47) but
surprisingly not in others.(43)

With pMDIs, another common error is an inhalation that
is insufficiently slow and deep.(39,48) Many patients also
experience difficulty coordinating actuation with inhalation,
especially when inhaling too rapidly.(39,49) Respiratory ex-
perts, including the European Respiratory Society/Interna-
tional Society for Aerosols in Medicine (ERS/ISAM) Task
Force and the International Primary Care Respiratory
Group, therefore emphasize that pMDIs should be used with
a slow and deep inhalation over 4–5 seconds, beginning at
the same time as device actuation.(14) Inhaling the same
volume over a longer time period reduces the flow rate.

Table 1. Lung Deposition Data for Different pMDIs from in vivo Studies

and Functional Respiratory Imaging-Based Modeling Studies

Study Participants Inhaler type Medication
Lung

deposition [%]
MMAD
[lm]

In vivo studies
Leach et al., 2002(33) Healthy adult volunteers

(n = 9)
HFA-pMDI
CFC-pMDI
CFC-pMDI

BDP
FP
BDP

53
12–13

4

0.9
2.0
3.5

De Backer et al.,
2010(35)

Healthy adult volunteers
(n = 8)

Patients with persistent
asthma (n = 8)

Patients with COPD (n = 8)

HFA-pMDI BDP/FORM 34.1
30.9
33.1

1.30/1.30a

FRI-based computer modeling studies
Vinchurkar et al.,

2012(34)
3D airway models from

high resolution CT
scans of patients with
asthma (n = 5)

HFA-pMDI BDP/FORM 30 –

Van Holsbeke et al.,
2014(36)

3D airway models from
CT scans of patients
with asthma (n = 6)

HFA-pMDI FP/FORM 44.0/42.4b 3.52/3.52c

De Backer et al.,
2014(37)

3D airway models from
CT scans of patients
with stable asthma
(n = 16)

HFA-pMDId

HFA-pMDIf
FP/SAL
FP/SAL

18.4/18.7e

18.2/18.6e
–

aFor unlabeled BDP and FORM, respectively; bAt flow rates of 30 L/min and 60 L/min, respectively; cFor FP and FORM, respectively (at a
flow rate of 30 L/min); dSeretide� Evohaler� (GlaxoSmithKline, UK); eFor FP and SAL, respectively; fSeroflo� (Cipla Ltd, Mumbai, India).

Lung deposition data were reported as percentage of ex-actuator dose,(33) percentage of nominal dose,(34, 35) or percentage of labeled
dose.(36) Lung deposition data were not further defined by De Backer et al., 2014.(37)

3D, three-dimensional; BDP, beclometasone dipropionate; CFC, chlorofluorocarbon; COPD, chronic obstructive pulmonary disease; CT,
computed tomography; FORM, formoterol; FP, fluticasone propionate; FRI, functional respiratory imaging; HFA, hydrofluoroalkane;
MMAD, mass median aerodynamic diameter; pMDI, pressurized metered-dose inhaler; SAL, salmeterol.
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Indeed, FRI data show that a 5-second inhalation duration
with fluticasone propionate/formoterol can achieve a total
lung deposition of 42%, a relative improvement of 15%
compared with a 3-second inhalation duration.(50) Specify-
ing a duration of inhalation, rather than simply using sub-
jective terms such as ‘slowly’, should make it easier for
patients to follow and remember instructions on inhaler
technique.

A slow inhalation not only reduces the flow rate, but also
gives patients more time to coordinate actuation and inha-
lation, thereby enhancing delivery to the lungs.(14,49) How-
ever, modern pMDIs may deliver efficacious doses even
without optimal coordination. Data from a pharmacological
study indicate that ‘split-second’ coordination of actuation
and inhalation is not essential, as long as patients have al-
ready started to inhale when they actuate their device.(51)

Consistent with this, a relatively late actuation in the second
half of inspiration is not necessarily considered a ‘critical’
error, even though devices should ideally be actuated in the
first half of inspiration.(43,52) In patients with obstructive

airways disease, later actuation reduced lung deposition
compared with early actuation when followed by shorter
breath-holding, but had no significant effect on deposition
with longer breath-holding (Fig. 3).(52) Interestingly, the
deleterious effects of too rapid an inhalation on lung de-
position are less evident with particles of 1.5 lm or 3 lm
than with larger particles (6 lm), underlining the importance
of a high FPF (Fig. 4).(53)

Other Device Types

DPIs

Owing to their fundamentally different design, DPIs re-
quire a different inhalation technique from pMDIs. The
ERS/ISAM Task Force guidelines advise patients to inhale
forcefully from the beginning, rather than building up the
speed of inhalation gradually.(14) A forceful inhalation is
essential because each DPI device has a minimum threshold
energy below which deagglomeration of the drug particles is
inefficient.(14) An insufficient inhalation flow rate is likely to

FIG. 3. Effect of actuation timing and breath-holding on whole lung deposition. Mean–
SEM percentage whole lung deposition in patients in group A (slow inhalation flow rate with 4
seconds’ breath-holding) and group B (slow inhalation flow rate with 10 seconds’ breath-
holding). Each patient took part in three studies, with the aerosol actuated at three dif-
ferent lung volumes (20% of VC, 50% of VC, and 80% of VC). SEM, standard error of the
mean; VC, vital capacity.

This material has not been reviewed by European Respiratory Society prior to release;
therefore the European Respiratory Society may not be responsible for any errors, omis-
sions or inaccuracies, or for any consequences arising there from, in the content. Re-
produced with permission of the European Respiratory Society: Eur Respir Dis Suppl
1982;63(Suppl 119):57–65.(52)
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result in a reduced therapeutic effect, and remains one of the
most common critical errors made with DPIs in practice.(14)

The need for different handling techniques and inhalation
rates with pMDIs and DPIs is a potential source of confu-
sion for patients who use more than one type of inhaler
(such as a DPI for controller medication and pMDI for re-
liever medication). A study showed that the proportion of
patients performing all of the critical steps of inhaler use
correctly was lower for patients using a DPI and a pMDI
than for those using the same type of inhaler (a combination
of DPIs).(54) Using the same type of device is probably
easier to teach to and learn for patients.(55)

Breath-actuated pMDIs

Breath-actuated pMDIs have been developed in order
to overcome the problem of coordinating actuation with
inhalation that some patients experience with pMDIs. These
devices contain an automatic trigger mechanism that
senses the patient’s inhalation, automatically releasing the
dose.(29,56) Breath-actuated pMDI provided significantly
higher lung deposition compared with a conventional
pMDI among patients with asthma who had poor coordin-
ation, and similar lung deposition in patients with good
coordination.(57)

Studies have reported that breath-actuated pMDI were
easier to use than pMDIs, with more patients showing cor-
rect or good technique than with pMDIs or DPIs, and patient
preference for the devices was high.(56) In one study, 11%–
12% of patients using the breath-actuated inhaler made a
critical inhalation error compared with 28% of patients us-
ing a pMDI.(58) However, another study reported that opti-

mal technique (correct execution of all preparation and
inhalation steps) was similar with pMDIs and breath-
actuated inhalers.(46) There are limited formulations cur-
rently available for breath-actuated pMDIs and initial costs
are high.(56)

Soft Mist Inhaler

The Respimat� Soft Mist inhaler (SMI) offers an alter-
native to DPIs and pMDIs, although the number of medi-
cations currently available with this type of inhaler is
limited. In this device, mechanical energy is used to force
the drug solution through nozzles to produce two fine jets of
liquid that collide, generating a fine aerosol of relatively
slow velocity and long duration.(9) A study showed that
mean plume velocity with the SMI was less than half that of
the slowest HFA-pMDI and seven to eight times slower than
for CFC-pMDIs.(30) Mean spray duration was also longer
with the SMI (1.5 seconds) than with HFA-pMDIs or CFC-
pMDIs (0.15–0.36 seconds). The long spray duration offers
potential benefits in terms of coordinating device actuation
and inhalation, while the low plume velocity reduces the
risk of oropharyngeal deposition. Scintigraphy studies
showed that whole lung deposition was approximately 40%–
50% of metered dose with the SMI.(59,60) At present, only
bronchodilators are available in this type of device.

Getting the Best Out of pMDIs

In parallel with improvements in pMDI technology,
other factors can contribute to significant improvements in
asthma management. Training and educating patients and

FIG. 4. Effect of inhalation flow rate and particle size on deposition. Effect of rapid in-
halation (shaded bars) compared with slow inhalation (white bars) on deposition in lung (L),
oropharynx (O), and exhaled fraction (E) for each particle size. Data are shown for 30lg
albuterol doses. *p < 0.001; {p < 0.05. All other flow-rate comparisons not significant.

Reprinted with permission of the American Thoracic Society. Copyright ª 2015 American
Thoracic Society. Usmani OS, Biddiscombe MF, Barnes PJ/2005/Regional lung deposition
and bronchodilator response as a function of beta2-agonist particle size /Am J Respir Crit Care
Med/volume 172/pages 1497–1504. The American Journal of Respiratory and Critical Care
Medicine is an official journal of the American Thoracic Society.(53)
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healthcare professionals (HCPs), including physicians, nur-
ses, pharmacists, and respiratory technologists, can play a
key role in improving inhaler technique and compliance,
and therefore ultimately improve the overall effectiveness of
inhaled therapies.(49,61)

In a study of 46 adolescents and adults with severe
asthma, the proportion of patients who used their devices
correctly increased from 37% at baseline to 80% at 3–4
months’ follow-up after training by a pulmonary nurse
specialist ( p = 0.003); overall median asthma control scores
also improved significantly at follow-up (2.7 vs. 2.0;
p = 0.002).(62) Of those patients using a pMDI (n = 28), 83%
demonstrated correct technique at follow-up compared with
37% at baseline. With the Turbuhaler and DISKUS� DPIs,
the proportion of patients with correct technique increased
from 12% to 62% (n = 24) and from 40% to 80% (n = 8),
respectively.(62)

Another study in 727 patients with asthma (of whom 443
were receiving pMDI maintenance therapy) found that
training by pharmacists resulted in optimal inhaler technique
in 79% of participants.(46) One month after training, asthma
control scores among patients who had achieved optimal
technique at the end of training had improved from 1.8 to
1.4 ( p < 0.001). Importantly, in this study, compliance also
improved with education.

A study in 307 patients with asthma or COPD showed
that virtually all patients (99%) could be taught to use the
fluticasone propionate/formoterol pMDI by a trained nurse
within 15 minutes, accurately completing all eight steps
involved in correct inhaler handling.(63) The study included
a simple training instruction referred to as the ‘2-3-4’ rule (2
seconds’ exhalation; 3 seconds’ inhalation; 4 seconds’
breath-hold), which may have contributed to successful in-
haler use by giving specific, nonsubjective instruction.

Taken together, these data suggest that, contrary to pop-
ular belief, the majority of patients can be successfully
trained in correct pMDI technique. Moreover, such inhaler
training can be effective with relatively short instruction
sessions—an important factor in times of constrained
healthcare budgets. However, the effect of training may
decrease over time. It is therefore important that evaluation
and reinforcement of correct inhaler technique occurs at
each follow-up.

The training of HCPs who instruct patients in good in-
haler technique is also important (‘train the trainer’). In a
randomized study involving 31 pharmacists, around 90% of
participants initially demonstrated incorrect inhaler tech-
nique with a pMDI and a DPI. The pharmacists were then
randomized to an inhaler training workshop (n = 16) or re-
ceived no intervention (n = 15). After a 2-year follow-up,
pharmacists who had received the support demonstrated
significantly better inhaler technique than those in the con-
trol group ( p < 0.05). This showed that a single educational
session can significantly improve HCPs’ demonstration of
inhaler technique over the long term.(64)

To facilitate effective education sessions for both patients
and HCPs, a wide range of inhaler training aids are now
available.(65) The 2Tone� Metered Dose Inhaler Trainer
mimics the inhalation through a pMDI, and provides audible
feedback on the speed of the inhalation flow. A pair of
sensitive reeds vibrates as air flows through. Above a pre-
determined speed, a single tone is produced to signal an

optimal inhalation rate of 30–60 L/min; if the rate is too fast
(> 60 L/min), there are two tones; and no sound is produced
if the rate is too slow.(65) Other tools to measure inspiratory
flow include the In-Check DIAL� and the Vitalograph
AIM� (Aerosol Inhalation Monitor).(65)

Matching Devices to Patients’ Preferences

Even the best training programs may not be effective if
the use of a device is not intuitive to the patient. Here we
discuss the importance of matching inhaler choice with
patients’ preferences, considering factors of device design,
familiarity, and versatility. Choosing the right inhaler for
each patient increases the likelihood that it will be used
correctly, reducing the amount of retraining required.

Devices differ in their handling characteristics, so it is
important to recognize and respond to patient preferences
when prescribing a particular inhaler, as this can affect
compliance.(48) In a real-world survey of 1443 patients
with COPD, patients’ overall satisfaction with their
maintenance inhaler showed a significant association with
treatment compliance, and also with a reduction in COPD
exacerbations.(66) Factors relating to durability, ergonom-
ics, and ease of use were all important in influencing pa-
tient satisfaction.

Several studies have assessed patients’ preferences for
inhalers, with variations between types of device, and be-
tween individual devices of the same type, across studies
(Table 2).(67–71) In some studies, more patients preferred
the pMDI than the DPI, while other investigations reported
the opposite finding; in some reports, patients expressed no
clear preference for either pMDIs or DPIs. For example, in
one study comparing salbutamol inhalers in 419 patients
with asthma or COPD, the overall appeal was similar for the
HFA-pMDI and the DPI, and significantly greater than for
the CFC-pMDI, although more patients ranked the DPI over
the HFA-pMDI as their preferred choice (Table 2).(67) In
another study of 307 patients with asthma or COPD, ap-
proximately half of patients preferred fluticasone propio-
nate/formoterol pMDI to fluticasone propionate/salmeterol
DPI and to budesonide/formoterol DPI (Table 2).(72)

Many studies on patient preferences are of relatively short
duration, so it is not clear how opinions and preferences
might change with prolonged use, and how this could relate
to longer-term outcomes. Interestingly, an observational
retrospective database study comparing asthma outcomes at
1 year among 3134 patients initiating fluticasone propionate/
salmeterol therapy showed that the odds of achieving asth-
ma control were significantly greater for patients using a
pMDI than for those using a DPI (odds ratio [OR]: 1.19;
95% confidence interval [CI]: 1.01–1.40).(73) The odds of
treatment success (defined as no exacerbations and no change
in asthma therapy) were also significantly higher with pMDI
than with DPI use (OR: 1.23; 95% CI: 1.07–1.42), while the
rate of asthma exacerbations was lower in the pMDI group,
although the difference between groups was not statistically
significant (Fig. 5).(73) The reasons for these differences in
outcomes between inhaler types are unclear, but may possibly
relate to real-world preference, improved compliance, and/or
better inhaler handling with pMDIs over DPIs. In addition,
the smaller particle size with pMDIs may result in better
delivery of aerosol to peripheral airways, especially in small
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children with narrower airways. Overall, the study suggests
that pMDIs are at least as effective as DPIs in real-world
situations.

Most patients use pMDIs for their rescue medication and
so should be familiar with the technique for this type of

inhaler. Familiarity and experience with a particular type of
inhaler may play a role in ensuring treatment effectiveness.
Studies have suggested that using different device types for
both their maintenance therapy and reliever inhaler may be
associated with worse asthma outcomes than using the same

Table 2. Studies Comparing Patient Preferences for pMDIs and DPIs

Study Patients Study design Devices
pMDI/DPI preference

and appeal

Bryant et al.
2013(47)

Asthma or COPD
(N = 103)

Questionnaire
survey

pMDI
pMDI with spacer
DPI (Turbuhaler� or

Accuhaler�)

Among patients using more
than one inhaler type
(n = 21):

62% preferred a pMDI
33% preferred DPI
5% preferred pMDI with

a spacer
Lindsay et al.

1994(68)
Asthma (N = 47) Randomized,

open-label,
cross-over study

Terbutaline DPI
(Turbuhaler)

Salbutamol pMDI

Similar numbers of patients
expressed a preference for
the DPI and the pMDI:

20 individuals preferred
the DPI

18 individuals preferred
the pMDI

Bunnag et al.
2007(67)

Asthma or COPD
(N = 419)

Comparative,
randomized
cross-over study

Salbutamol MDIs (CFC-
and HFA-based)

One salbutamol DPI

Overall appeal was similar for
the HFA-pMDI and the DPI,
and significantly greater
than for the CFC-pMDI

More patients ranked the DPI
above the HFA-pMDI
(47.5% vs 32.5%) as a
preferred choice

Bell et al.
2015(72)

Asthma or COPD
(N = 307)

Open-label,
two-period,
two-sequence,
cross-over study

pMDIs (fluticasone
propionate/formoterol or
fluticasone propionate/
salmeterol [Evohaler�])

DPIs (Accuhaler or
Turbuhaler)

Overall, approximately half
of patients preferred the
fluticasone propionate/
formoterol pMDI to the
DPIs:

48.6% preferred the
pMDI to the
Accuhaler (n = 35)

46.0% preferred the
pMDI to the
Turbuhaler (n = 126)

Chorao et al.
2014(71)

Asthma or COPD
(N = 301)

Cross-sectional
observational
study

Wide range of devices (of
those most commonly
available in Portugal)

Patient satisfaction with their
current inhaler was
similarly high for pMDIs
and for the different DPIs

Welch et al.
2004(69)

Asthma (N = 114) Randomized, open-
label, crossover
study

Three pMDIs
One DPI (Turbuhaler)

Significantly more patients
preferred the DPI than
preferred the pMDI:

74% preferred DPI
15% preferred pMDI
Patients rated the DPI as

significantly better for
ease of use and overall
satisfaction

Sheth et al.
2003(70)

Asthma (N = 154) Randomized, open-
label crossover
study

pMDI
DPI (Diskus)

Significantly more patients
preferred the Diskus DPI
than preferred the pMDI
(60% vs 40%), and more
individuals found the DPI
easier to use (Diskus DPI,
59%; pMDI, 41%)

CFC, chlorofluorocarbon; COPD, chronic obstructive pulmonary disease; DPI, dry powder inhaler; HFA, hydrofluoroalkane; pMDI,
pressurized metered-dose inhaler.

Accuhaler, Diskus and Evohaler: Glaxo Group Limited, Brentford, UK; Turbuhaler: AstraZeneca AB (Södertälje, Sweden).
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type.(55) In a retrospective, primary care database analysis,
patients who were prescribed the same inhaler for ICS
controller and salbutamol reliever medication were signifi-
cantly more likely to achieve asthma control (adjusted OR:
1.15; 95% CI: 1.02–1.28) and had a significantly lower rate
of severe exacerbations (adjusted rate ratio: 0.79; 95% CI:
0.68–0.93) over 1 year than those prescribed mixed inhaler
types.(55) Taken together, the variation shown in these
studies clearly demonstrates that there is no ‘one size fits all’
approach, but that patients’ individual preferences need to
be considered when selecting an inhaler.

Device design and spacers

The design and ‘feel’ of a device can affect its acceptance
and use by patients. pMDIs are often used with spacers or
valved holding chambers (VHCs) that attach to the mouth-
piece of the inhaler to aid inhalation and reduce adverse
effects caused by ICSs depositing in the upper respiratory
tract.(74, 75) Spacers consist of a simple open tube, while VHCs
have a one-way inhalation valve in the mouthpiece.(29, 75)

These devices can make pMDIs easier to use, as they
dispense with the need to coordinate actuation and inhala-
tion.(74) Patients actuate the pMDI into the spacer or VHC,
then inhale the contents. With a VHC, patients can also use
tidal breathing to inhale the aerosol, slowly breathing in and
out of the spacer three or four times.(75) Closure of the in-
halation valve during expiration prevents drug dispersal.
Indeed a study in 82 children with asthma aged 5–15 years
using a pMDI and a VHC, showed that an inhalation man-
euver of five tidal breaths provides similar bronchodilator
efficacy to a single deep inhalation followed by a breath-

hold.(76) Spacers and VHCs also help to decelerate the
plume, which limits impaction and deposition in the throat,
and increases delivery to lungs.(74) In addition, larger par-
ticles are retained in the device, reducing oropharyngeal
deposition.(74)

Slow inhalation is still recommended in order to reduce
oropharyngeal deposition, and some spacers emit an audible
warning if inhalation is too fast.(75) Some studies have
suggested that using a pMDI with a spacer or VHC provides
improved bronchodilation compared with a pMDI alone,
although other studies have reported no difference.(75) Such
improvements may reflect the inclusion of patients with
poor inhalation technique in these studies. However, en-
hanced bronchodilation with a pMDI plus a spacer or a VHC
compared with a pMDI alone has also been observed in
patients with good technique.(77)

A disadvantage with spacers and VHCs is that they can be
bulky and awkward to carry around, and are unpopular with
some patients, which may result in the pMDI being used
without the device, or not being used at all.(14,48) The pro-
portion of patients using spacers varies considerably, despite
their potential benefits. In a survey of patients with asthma
in Canada, 46% used their pMDI with a spacer or VHC,(78)

while a previous survey in the UK reported that approxi-
mately 10% of patients with asthma used a spacer device.(79)

In a study of patients visiting a community pharmacy in
New Zealand, over 40% of patients with COPD but only
approximately 15% of patients with asthma used a pMDI
with a spacer.(47) It is therefore important that pMDIs per-
form similarly when used either with or without a spacer or
VHC. With some devices, there is also a risk of drug ‘cap-
ture’ by the electrostatically charged spacer walls, especially

FIG. 5. Improved outcomes for patients with asthma receiving fixed-dose combination
fluticasone propionate/salmeterol administered via a pMDI compared with a DPI. Data are
shown for end of outcome year for patients initiating fixed-dose fluticasone propionate/
salmeterol combination therapy. Asthma control was a composite measure comprising no
recorded hospital attendance for asthma, oral corticosteroids, or antibiotics for lower
respiratory tract infection. Exacerbations were defined as an unscheduled hospitalization or
an emergency department visit for asthma or use of oral steroids. Treatment success was
defined as no exacerbations and no change in asthma therapy. CI, confidence interval; DPI,
dry powder inhaler; OR, odds ratio; pMDI, pressurized metered-dose inhaler; RR, rate
ratio.

Adapted and reprinted from Respir Med, Volume 105, Price D, Roche N, Virchow J C,
et al., Device type and real-world effectiveness of asthma combination therapy: An ob-
servational study, pages 1457–1466, issue number 10, Copyright (2011), with permission
from Elsevier.(73)
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if they have recently been cleaned with a dry cloth. This
results in a considerably reduced dose to the lungs.(80)

For the fluticasone propionate/salmeterol pMDI, single-
dose pharmacokinetic data have shown that up to 2-fold
increases in systemic exposure to fluticasone propionate and
salmeterol may occur when the device is used with different
spacer devices. In addition, in children, the use of a fluti-
casone propionate/salmeterol pMDI device with a spacer
may result in up to 4-fold higher systemic exposure to flu-
ticasone propionate compared with using no spacer.(81)

Relative lung bioavailability of fluticasone propionate and
salmeterol also showed marked increases when the inhaler
was used with a VHC compared with using no VHC.(82) By
contrast, fluticasone propionate/formoterol showed similar
efficacy and tolerability when used with or without a VHC in
patients with asthma.(83) Furthermore, studies of fluticasone
propionate/formoterol showed little change (£ 35%) in mean
systemic bioavailability of fluticasone propionate in healthy
volunteers when administered via the pMDI with a VHC
compared with the pMDI alone.(84) It must be noted that
most of the data described above were collected in indi-
viduals who had been trained to use the device properly.
Thus, it is difficult to determine how these results can be
extrapolated to patients in real life.

The combination of pMDI and VHC is important for
treating pediatric patients, particularly young children and
infants. Younger children have problems producing the
forceful inhalation required to activate DPIs, so these are not
recommended for children younger than 5–6 years of
age.(38,85) The combination of pMDI and VHC offers a
cheaper and more convenient alternative to the use of a
small volume nebulizer (SVN) for these patients.(29) One
study in a pediatric hospital showed that the change from
use of a SVN for albuterol administration to use of a pMDI
plus VHC in children with asthma and bronchiolitis was
associated with a 21% reduction in total albuterol admin-
istration costs.(86)

For infants and children aged 4 years and under, who
cannot reliably breathe through a mouthpiece, a facemask is
attached to the VHC. In recent years much attention has
been paid to the impact of facemask fit and design on
treatment effectiveness.(87) Studies have shown that a good
seal between the mask and the face is critical for effective
drug delivery. Better fitting masks, with less leakage, im-
proved aerosol delivery in infants and children.(87) The
flexibility of the mask and its shape (contour) where it
contacts the face are important in attaining a good fit. Re-
ducing the volume of dead-space in the mask and valve
system should also help to improve drug delivery. This
dead-space effectively adds to the size of the VHC, so re-
ducing its volume should increase the amount of drug in-
haled with each breath, and increase the speed of VHC
emptying.(87)

The cooperation of the child or infant during treatment is
another key factor for effective drug delivery; thus factors
that improve the comfort and fit of the facemask should help
them to accept its use, and so improve aerosol delivery.(87)

The recently developed SootherMask incorporates the in-
fant’s or toddler’s own pacifier, and has been shown to fa-
cilitate the administration of aerosol therapy (via a VHC and
Soft Mist inhaler) to sleeping infants, with good lung de-
position (as determined by scintigraphy).(88)

The combination of a VHC and pMDI is useful for cog-
nitively impaired and elderly patients when used in con-
junction with a large (adult) mask. This set-up can also be
used to speed the recovery from acute, severe asthma in the
ambulance and in the emergency department using multiple
(10–20) bronchodilator puffs, offering an effective alterna-
tive to treatment using a SVN, which is more costly and may
take longer to initiate (although the difference is likely to be
small with trained professionals).(74,75) A study in adult
asthma patients treated in a large emergency department
showed greater improvement in peak flow rates, reduced
time spent in the emergency department, and lower total
treatment dose when albuterol was administered using a
pMDI and VHC than with a nebulizer.(89) pMDIs can also
be used as an alternative to SVNs to deliver aerosol therapy
(via specific spacer devices) to patients on assisted venti-
lation and in tracheotomized patients, where DPIs would not
be relevant.(74)

Until recently, patients using pMDIs had difficulty
assessing how many doses remained in their inhaler.(1)

Opaque drug canisters meant that patients had to monitor
how often they had actuated their inhaler to estimate the
number of doses remaining and to ensure that they did not
use the inhaler more than the recommended number of
times.(1,90) In one survey of patients with asthma, 74% of
patients did not know how many actuations their inhaler
contained, and patients replaced the canister either when
they could no longer hear a sound when it was actuated
(72%), or when it was ‘old’.(90) Without a dose counter,
patients may continue to use their pMDI long after the ac-
tive drug has been depleted, as the presence of propellant in
the device suggests that it is still providing medication.

The presence of a dose counter is considered by patients
among the most important features of an ideal inhaler,(91)

and difficulty assessing the number of remaining doses has
been reported to adversely affect patient satisfaction with
pMDIs.(69,70) Integrated dose counters in newer pMDIs are
therefore an important development that can improve device
handling for patients. Studies have shown that most patients
were satisfied with the ease of use and convenience of a
pMDI with an integrated dose counter after using it for
about 1 month, and most thought that it would help them
keep track of their medication use.(92,93) The proportion of
patients who were satisfied with the device also increased by
43% compared with previous pMDIs without a dose
counter; two-thirds of patients also agreed that the dose
counter relieved anxiety about running out of medication or
taking a sub-therapeutic dose.(92,93)

Device choice and treatment decisions

Improved matching of devices to patients’ preferences
and characteristics (e.g., their abilities and natural inhalation
profiles) could reduce the misuse of inhalers, increase ad-
herence, and therefore improve treatment outcomes. When
treating patients with asthma or COPD, HCPs are faced with
a wide range of bronchodilator and ICS therapy options, and
a variety of different devices for delivering them. In se-
lecting the most appropriate treatment, HCPs have to con-
sider not only which medication but also which inhaler
device is suitable for a particular patient. Indeed, patients’
preferences and their ability to use their inhaler are key
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factors to consider when their asthma is not controlled
(Table 3),(94) and should depend on patients’ abilities to
handle the device, generate an adequate inspiratory flow,
and coordinate actuation with inspiration.

HCPs may be able to improve patient–inhaler matching
by considering four key factors: patient characteristics
(‘Who’), the type of medication (‘What’), the target regions
in the lung (‘Where’), and ‘How’ this can best be achieved
by a given device in a specific patient (the ‘3W–H’

approach).(41) Using this proposed approach, HCPs can
determine the types of inhaler appropriate for a particular
adult patient based on a few key characteristics (Fig. 6). For
example, any available DPI or pMDI would be suitable
for patients showing good coordination and an adequate
inspiratory flow (block A), whereas a DPI would not be
appropriate for patients with an inadequate inspiratory
flow (blocks C and D).(41) For infants and young children,
the GINA report recommends the use of a pMDI plus
dedicated spacer with face mask for those aged 0–3 years
and pMDI plus dedicated spacer with mouthpiece for those
aged 4–5 years.(95)

Conclusions

pMDIs have always been compact, portable, robust,
convenient, unobtrusive, and affordable; however, early
models achieved suboptimal levels of lung deposition. Since
the introduction of the first HFA-pMDI two decades ago,
pMDIs have evolved markedly from early CFC devices.
Many modern HFA-pMDIs produce plumes with a higher
FPF and a lower force and velocity than their CFC-based
predecessors, with the potential to reduce oropharyngeal
deposition and improve lung delivery. The warmer and
softer plumes may also be more attractive to patients, while
the introduction of dose counters has helped to increase
patients’ confidence and decrease the risk of relying on an
empty device.

DPIs and pMDIs differ fundamentally in their underlying
designs, so each type will suit some patients better than
others; compared with DPIs, HFA-pMDI drug delivery is
less dependent on inhalation effort. HFA-pMDIs are also
familiar to patients, as they are widely used for reliever
medication. There is no such thing as the ‘ideal inhaler’, but
pMDIs offer an attractive device option in many cases, and
should be considered when choosing an inhaler device to
prescribe.

FIG. 6. Choosing an inhaler for adult patients: the ABCDE (3H-W) decision algorithm.
DPI, dry powder inhaler; pMDI, pressurized metered-dose inhaler. Reprinted from Respir
Med, 107;12:1817–1821. Dekhuijzen PNR, Vincken W, Virchow JC, et al., Prescription of
inhalers in asthma and COPD: towards a rational, rapid and effective approach. Copyright
(2013), with permission from Elsevier.(41)

Table 3. Issues to Consider if Asthma

is Not Under Control

A Is it really Asthma? Consider other diagnoses
(e.g., hyperventilation,
vocal cord dysfunction,
Churg–Strauss syndrome,
carcinoid)

B Are all Bronchial
triggers known?

Exposure to unknown
triggers at work, hobby,
rhino-sinusitis,
gastroesophageal reflux
(GERD), intolerance
to medications

C Is Compliance optimal? Does the patient use
the medication at the
prescribed dosages?

D Can the patient handle
the Device?

Is the patient able to use
the device correctly?

E Is Every small airway
reached?

Does the anti-inflammatory
medication reach the
peripheral compartment
of the lung?

Reproduced from Dekhuijzen R, Magnan A, Kneussl M, The
ADMIT series—Issues in inhalation therapy 1) The goals of asthma
treatment: can they be achieved? Prim Care Respir J 2007;16:341–
348, and Dekhuijzen R. Inhaler therapy for adults with obstructive
lung diseases: Powder or aerosol? Ned Tijdschr Geneeskd 1998;142:
1369–1374.(94,96)
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