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Key points

●● The dictionary definition of innovation is the introduction of new things, ideas or ways of doing 
something. We show how this definition can be applied to inhaled therapy.

●● We take a look at the past to see what drove innovation in inhaler design and how this has led to the 
current devices.

●● We look at the current drivers of innovation in engineering, chemistry and digital technology and 
predict how this may translate to new devices.

●● Can innovation help the healthcare professional manage their patients better?

●● What does the patient expect from innovation in their device?

Educational aims

●● To understand the importance of inhaled medication in the treatment of lung diseases.

●● To understand how innovation has helped advance some of the devices patients use today from 
basic and inefficient designs.

●● To understand the obstacles that prevent patients from receiving optimal treatment from their inhalers.

●● To understand how innovation in inhaler design can lead to improved treatment for patients and 
widen the range of diseases that can be treated via the inhaled route.
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Inhaled medication is the cornerstone in the treatment of patients across a spectrum of respiratory 
diseases including asthma and chronic obstructive pulmonary disease. The benefits of inhaled 
therapy have long been recognised but the most important innovations have occurred over the 
past 60 years, beginning with the invention of the pressurised metered dose inhaler. However, 
despite over 230 different device and drug combinations currently being available, disease control 
is far from perfect.

Here we look at how innovation in inhaler design may improve treatments for respiratory 
diseases and how new formulations may lead to treatments for diseases beyond the lungs. We 
look at the three main areas where innovation in inhaled therapy is most likely to occur: 1) device 
engineering and design; 2) chemistry and formulations; and 3) digital technology associated with 
inhalers. Inhaler design has improved significantly but considerable challenges still remain in order 
to continually innovate and improve targeted drug delivery to the lungs. Healthcare professionals 
want see innovations that motivate their patients to achieve their goal of improving their health, 
through better adherence to treatment. Patients want devices that are easy to use and to see that 
their efforts are rewarded by improvements in their condition.
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Introduction

Inhaled drug delivery is the cornerstone in the 
management of patients across a spectrum of 
respiratory diseases and, more recently, the lungs 
are being used as a portal for drug delivery to the 
systemic circulation [1]. It is the preferred delivery 
route for diseases of the lungs because of the 
high drug concentration that can be achieved 
locally within the lungs, leading to improved 
pharmacological effects and reduced risks of 
systemic side-effects compared to oral and 

parenteral medications for the lung. The benefits 
of inhaled therapy have long been recognised 
and go back thousands of years [2]. However, 
real innovation in inhaler technology began just 
over 60 years ago with the invention of the first 
pressurised metered dose inhaler (pMDI), which 
quickly gained widespread acceptance because of 
its portability and convenience of use. Today, over 
90% of the world’s short-acting reliever therapy is 
delivered by a pMDI.

Inhaler and drug development has accelerated 
in the last couple of decades, with enormous 
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investment from the pharmaceutical industry. 
Currently, there are over 230 device and drug 
combinations available for treating respiratory 
diseases. The critical stimulus for innovation in 
inhaler design was the signing of the Montreal 
Protocol in 1987, banning substances that deplete 
the protective ozone layer in the atmosphere [3], and 
paving the way for the abolition of environmentally 
harmful chlorofluorocarbons used as propellants in 
pMDIs. The switch to hydrofluoroalkane (HFA)-driven 
pMDIs not only made an important contribution 
towards addressing the environmental problem, but 
also led to a significant number of improvements 
in the characteristics of the aerosols delivered from 
these second-generation inhalers [4]. However, not 
all HFA-pMDIs are the same; there are solution and 
suspension pMDIs [5]. Most solution pMDIs have the 
ability to generate finer particles at slower delivery 
speeds, with the implication of enhanced lung 
deposition and lower oropharyngeal deposition, 
and better targeting of drug to the small airways 
[6]. A few suspension pMDIs also have the aerosol 
plume as a high fine particle fraction, moving slowly 
and able to achieve high levels of lung deposition 
and distal lung penetration [7], where the plume 
is less affected by inertial forces that cause fast-
moving large particles to collide with the throat and 
oropharynx before reaching the deep lungs.

The Montreal Protocol also led to the 
diversification of inhaler technologies, with a 
surge in development to achieve designs for 
more efficient dry powder inhalers (DPIs) and 
nebuliser systems  [8]. Innovation has not been 
limited to inhaler design [9] or drug formulation 
development [10], as during this period, important 
new drugs have been discovered and developed for 
the treatment of asthma and chronic obstructive 
pulmonary disease (COPD) [11]. These include 
new inhaled corticosteroids (ICSs) and long-acting 
β-agonists (LABAs), and improved anticholinergic 
drugs. In addition, the synergistic properties of 
combining LABAs and corticosteroids has been 
recognised and has led to the rapid growth in 
combination therapies and, most recently, triple 
therapy (three drugs in one inhaler) has been 
licensed for use in patients with COPD [11]. 
Important new drug products for the treatment of 
cystic fibrosis, diabetes and a range of neurological 
disorders have also been developed [12].

The main classes of delivery systems remain 
pMDIs, DPIs and nebulisers, but they have recently 
been joined by a new class of delivery systems called 
soft mist inhalers (SMIs), where technological and 
formulation innovation has been well received by 
patients [13]. Nebulisers have undergone significant 
development and improvement, with vibrating 
mesh devices improving the dose delivery efficiency 
compared to jet and ultrasonic devices [14]. 
Nevertheless, there are still many opportunities 
for continued innovation and further development 
in inhalation technology, but there needs to be 
appropriate incentives for this to take place.

What are the current 
incentives driving inhaler 
development and innovation?

Today we have far more efficient delivery 
systems and many more potent drugs and drug 
combinations than in the past. However, asthma 
and other respiratory diseases still remain a huge 
healthcare problem, with poor control in ∼40% 
of asthma patients, even on optimally controlled 
therapy [15]. This can partly be explained by two 
key challenges facing healthcare professionals and 
caregivers. These are incorrect inhaler use [16] 
and poor patient adherence to treatment [17]. 
The former can be addressed by appropriate and 
consistent training by the healthcare professionals. 
Poor adherence to preventive treatment in asthma 
is harder to deal with and can lead to reduced quality 
of life and increased symptoms as well as increased 
use of oral steroids, hospitalisation and mortality. 
Any new inhaler design needs to benefit patients 
and their treatment rather than being innovative 
for the sake of it. Besides the traditional application 
of locally acting treatments for asthma and COPD, 
there is still an unmet potential for the systemic 
delivery of drugs, for example insulin, which has 
been a goal of scientists since as long ago as 1925, 
was available for a short period between 2005–
2007 and is now again available [18].

Here we look at how innovation may improve 
treatments for diseases such as asthma and 
COPD, and more recently cystic fibrosis, but new 
formulations may also lead to openings for new 
treatments for diseases beyond the lungs. There are 
potentially three main areas where we can expect 
to see innovation in inhaled therapy in the future: 
1) innovation in device engineering and design; 
2) innovation in chemistry and formulations; and 
3) innovation in digital technology associated with 
inhalers.

Innovation in device engineering 
and design

Following the initial spike in innovation after the 
introduction of HFA propellants, pMDI design 
has largely remained static for the last 20 years. 
Nevertheless, further design and engineering 
challenges remain. Innovative engineering, 
including the development of more consistent 
metering valves, is necessary to ensure consistency 
in the dose delivered from the inhaler each time a 
patient uses it, regardless of the severity of their 
disease, their lung function or any detrimental effect 
on their ability to inhale. Future improvements might 
also include further dose counters, improvement 
in breath-actuated devices, improved control over 
emitted particle size distributions and specialised 
devices for paediatric and geriatric patients [19]. 
There is also likely to be an emphasis on expanding 
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the range of drugs that can be delivered with 
pMDIs [19]. One of the biggest improvements to 
come from the new pMDI formulations has been 
based on the scientific discovery showing that the 
ability to deliver fine particles [20] allows aerosols 
to penetrate deeper into the lungs to treat the small 
airways in asthma and also in idiopathic pulmonary 
fibrosis [21, 22]. With diameters <2 mm, the small 
airways have been recognised as important sites of 
chronic inflammation and disease with associated 
abnormalities [23, 24]. Therefore, for effective 
treatment of the disease it is important to deliver 
therapy to both small and large airways [25].

Perhaps the biggest innovation in inhaler design 
in recent times has been the development of the 
SMI [26]. This new class of delivery system converts 
an aqueous liquid solution to an inhalable vapour 
using the energy of a compressed spring. SMIs 
are multi-dose and can compete with pMDIs and 
DPIs on portability and convenience of use, with 
the added advantages that they do not require 
propellants or the patient’s inspiratory effort to 
generate the aerosol. They generate a slowly 
moving mist of fine droplets over ∼1.5 s, which 
makes it easy for the patient to inhale. If the patient 
adheres to the recommended slow deep inhalation 
manoeuvre, there is the potential to significantly 
reduce impaction in the upper airways and increase 
the dose delivered to all parts of the lungs including 
the small airways. The Respimat device (Boehringer 
Ingelheim, Ingelheim, Germany) is the only SMI 
currently available on the market. However, because 
of their favourable delivery characteristics, it is likely 
that there will be more SMI-based delivery systems 
in the future, including digital versions [26].

Currently, there is growing interest in the use of 
so-called “extrafine” aerosols, with a mass median 
aerodynamic diameter of <2.1 µm [27], to target the 
small airways in the management of asthma and 
COPD [28], where the prevalence of small airways 
disease is observed to be ∼40% in patients with 
asthma [29] and ∼60% in patients with COPD [30]. 
The DPI NEXThaler (Chiesi, Parma, Italy) was the first 
DPI on the market capable of delivering a small-
particle ICS/LABA drug combination [31]. It is able to 
deliver extrafine particles using an innovative release 
and cyclone airflow mechanism to separate the drug 
and carrier particles. It accomplishes this by the 
use of an extrafine drug formulation combined with 
large carrier particles that are efficiently separated 
from each other within the cyclone chamber during 
inhalation. Delivery is activated by patient inhalation 
only when a threshold inspiratory flow of 35 L·min−1 
is reached. This is the minimum flow to allow 
de-aggregation of drug within the cyclone. A dose 
protector prevents the dose from being inhaled at 
sub-optimal inhalations, allowing the full dose to be 
delivered at the correct flow rate. The inhaler also 
incorporates a full dose feedback system to inform 
the patient of successful delivery.

Interest in the delivery of new and interesting 
biopharmaceuticals for pulmonary delivery is 

gaining pace and DPIs may have the greatest 
potential for this [32]. In order for this expansion 
to continue, there is an urgent need for the 
development of efficient high-dose delivery devices. 
Early DPIs had poor drug delivery performance due 
to design weaknesses but were only required to 
deliver low doses of drug for asthma and COPD. 
These devices have become far more efficient, 
but the focus of DPI innovation is gradually 
shifting to platforms exclusively for the delivery 
of microparticles, nanoparticles, small molecules 
and biomacromolecules [12]. More efficient 
dispersion systems and new particle engineering 
and powder processing are increasingly being 
applied to achieve improved lung deposition. In 
general, DPI medication is delivered using devices 
specifically designed for the formulation used. When 
designing a new device, the interaction between 
the formulation and device must be taken into 
account, since formulation and device development 
go hand in hand. Islam and Gladki [33] listed nine 
characteristics of an ideal DPI, although they 
qualified this by saying that no actual DPI currently 
available achieves all of these. Nevertheless, 
considerable research is being conducted to improve 
DPI performance and the range of therapeutics 
they can deliver. One of the major concerns with 
DPIs, because they are breath actuated, is that the 
patient may not be able to generate a sufficiently 
high flow rate to overcome the intrinsic resistance 
of the device, leading to poor drug extraction and 
inhalation and sub-optimal therapeutic effect. This 
concern is being addressed and there are a number 
of low-resistance devices available [34], as well as 
so-called third-generation “active” power-assisted 
devices, which incorporate battery-driven impellers 
and vibrating piezo-electric crystals to disperse drug 
from the formulation, reducing the need for the 
patient to generate a high inspiratory flow rate [4].

Nebulisers are also likely to see further 
innovation. The dosing reliability of nebulisers has 
become far more accurate, with jet (pneumatic) 
and ultrasonic nebulisers giving way to portable 
vibrating mesh devices enhanced by the integration 
of software control. Indeed, intelligent nebulisers 
have been used in clinical trials to treat patients with 
asthma [35], where they pulse aerosols in greater 
amounts to the lungs with less waste and with deep 
lung delivery, and also in systemic delivery to treat 
patients with pulmonary hypertension [36].

Innovation in device chemistry and 
formulation

It has been more than 50 years since the introduction 
of the first DPI. Even so, first-generation devices 
that use capsules to store and deliver the drug are 
still widely used with new formulations, despite 
multiple-dose and multi-unit devices being available. 
Currently, there is an abundance of developments 
and diversity of applications for pulmonary 



220 Breathe  |  September 2018  |  Volume 14  |  No 3

Inhaled therapy for airways disease

drug delivery as dry powders and formulation 
developments outnumber those of devices [37]. 
Many new areas of interest for DPIs are being 
explored with the use of new techniques such as 
computational fluid dynamics and other emerging 
particle engineering technologies. This impetus is 
likely to result in a new generation of inhaler devices 
and formulations, which will allow new therapies 
based on inhaled medicines to be introduced [38].

The use of nanoparticles in pulmonary drug 
delivery, as in other forms of medicine, is gaining 
momentum. There are many benefits from using 
nanoparticles, particularly for drugs with poor 
solubility and those for systemic delivery [39]. Their 
large surface area relative to their mass allows rapid 
drug release and shorter time to reach higher drug 
concentration at the site of absorption and they 
are less affected by mucociliary and phagocytic 
clearance. Their use in inhaled medicine, while 
relatively new, is likely to increase in the future 
as more sophisticated methods of formulation, 
encapsulation and delivery are developed.

With the exception of the Turbuhaler 
(AstraZeneca, Cambridge, UK), DPI formulations 
for asthma and COPD have traditionally comprised 
low doses of micronised drug mixed with a carrier 
of larger excipient particles such as lactose, which 
adds bulk to the formulation, improving its flow 
properties and allowing reproducible capsule 
or blister filling. It enables the formulation to 
overcome the cohesive forces of small, micronised 
pharmaceutical particles, which cause them to 
stick together or to other surfaces they encounter, 
leading to poor aerosolisation and delivery 
performances [21]. Newer applications of powder 
delivery including high doses of antibiotics to the 
lungs require carrier-free formulations [40]. This has 
required new DPI formulations and mechanisms of 
drug de-agglomeration and dispersion. Advanced 
particle engineering techniques have been 
developed and significant effort has been put in 
to understand the mechanics that control powder 
dispersion and particle interaction during inhalation 
[38]. These developments have given rise to a 
number of carrier-free DPI powder formulations, 
including soft aggregates of micronised particles 
called spheroids, coated particles of lipids or amino 
acids using spray drying methods, Technosphere 
powder technology (MannKind Corporation, 
Westlake Village, CA, USA) developed for the delivery 
of insulin, liposome-based particulate systems and 
porous particle technologies.

One particle engineering technology, which is 
currently undergoing development by Prosonix 
Ltd (Oxford, UK), recently acquired by Circassia 
Pharmaceuticals plc (Oxford, UK), is the UMAX 
(Ultrasound Mediated Amorphous to Crystalline 
transition) process. This has been described as an 
alternative to micronisation for producing inhalable 
drug products such as corticosteroids, β-agonists 
and anticholinergics [41]. The manufacturer states 
that inhalable UMAX formulations show comparable 

or superior in vitro performance compared to 
conventional micronised drugs, which they predict 
will lead to improved clinical performance and patient 
compliance irrespective of the delivery device.

Technosphere technology is a novel system for 
the delivery of insulin to the systemic circulation 
via the lungs (Afrezza; MannKind Corporation). The 
primary component is a new excipient, fumaryl 
diketopiperazine, in the form of a spherical, 
crystalline particle with a large surface area that 
forms a particle matrix [42]. The insulin can be 
adsorbed on this large surface area to make an 
inhalation powder. Technosphere particles carry 
the drug to the lungs following inhalation and 
rapidly dissolve due to their high solubility at pH 
≥6. Absorption begins almost immediately after 
inhalation and peak concentration in the circulation 
is achieved within minutes. The carrier particles 
are small enough to be inhaled, which has the 
advantage that drug and carrier do not need to be 
separated before inhalation.

Using porous particles for the delivery of inhaled 
therapy is another promising area of particle 
engineering that is likely to be developed further. 
Large porous particle (LPP) technology was first 
described more than 20 years ago, but has recently 
gained in popularity [43, 44]. LPPs are characterised 
by particles of low mass density (<0.1 g·cm−3) but 
large physical size (5–30 µm) and are useful for both 
local and systemic applications. They achieve deep 
lung penetration, despite their large physical size, 
by virtue of their low mass density giving them a 
small aerodynamic diameter, daer, and high fine 
particle fraction (≤4.7 μm). Large particles with 
high porosity can have the same daer as smaller 
nonporous particles because the  parameter 
is related to the physical diameter d and mass 
density ρ by the formula daer =d√ρ. The large 
physical size aids dispersion and aerosolisation of 
the powder from the device without the need for a 
separate carrier. LPPs are especially attractive for 
systemic inhalation therapies, as their high delivery 
efficiency and sustained drug release properties 
allow increased systemic bioavailability. LPPs are 
commonly produced by spray drying or spray freeze-
drying technology [44] and the rapid expansion of 
supercritical fluids [45].

Another useful feature of LPPs is that they are 
able to carry a payload of much finer therapeutic 
particles, “Trojan” style, deep into the lungs 
where, following dissolution of the carrier, they 
have the potential for avoidance of alveolar 
macrophage clearance, enabling sustained drug 
release throughout the lumen of the lungs. Tsapis 
et al. [46] demonstrated the concept of delivering 
“hybrid” LPPs containing nanoparticles deep into 
the lungs. They spray dried solutions of polymeric 
and nonpolymeric nanoparticles into thin-walled 
macroscale structures that dissolve in the lungs 
to release the nanoparticles at the site of delivery. 
This is a useful characteristic that can prolong the 
residence of an administered drug in the airways. The 



Breathe  |  September 2018  |  Volume 14  |  No 3 221

Inhaled therapy for airways disease

advantage of delivering fine particles encapsulated 
within LPPs is that the large particles are able to 
improve the flow properties of the formulation by 
reducing the number of contact surfaces between 
adjacent particles. This significantly reduces the 
aggregation problems normally associated with 
extremely small particles, which make their use in 
large doses highly problematic. Tsapis et al. [46] 
described the mechanism as a robust drug delivery 
system combining the advantages of nanoparticles 
with the delivery convenience of LPPs. Other groups 
have since used the concept to deliver nanoparticles 
to the lungs [47].

PulmoSpheres (Inhale Therapeutic Systems Inc., 
San Carlos, CA, USA), produced by spray drying, use 
a proprietary porous particle technology similar 
to LPPs but with smaller particle sizes (<5 μm). 
Nevertheless, they possess the same flowability and 
aerosolisation advantages of LPPs. The technology 
has been used in the TOBI Podhaler device (Novartis 
Pharmaceuticals, Basel, Switzerland), which is 
used for delivering tobramycin for the treatment 
of infections caused by Pseudomonas aeruginosa in 
patients with cystic fibrosis. Indeed, antimicrobial 
therapy is one area that has benefitted from 
extensive recent research and development in 
inhaled drug delivery to the lungs [48]. It offers 
the opportunity to achieve high doses of antibiotics 
directly at the site of infection, without requiring 
potentially toxic high systemic concentrations, 
reducing the number of cellular barriers that must 
be negotiated by the molecule before reaching 
the bacterial infection. Lung concentrations up to 
30 times higher than those measured following 
intravenous administration can be achieved by 
inhalation [49]. Besides tobramycin, formulations 
of colistin, aztreonam and levofloxacin have been 
approved for the treatment of lung infections in 
cystic fibrosis, and several other classes are in 
development [48].

Innovation in digital technology in 
inhaler devices

Digital technology is advancing rapidly and is now 
taken for granted in many areas of life that were 
previously untouched by it. Technology, using mobile 
phones, is becoming an increasingly popular and 
easy way for people to monitor their health. A review 
in 2012 revealed that there were over 100 English 
language mobile phone applications related to 
asthma, including 47 tools for the management 
of asthma [50]. Home monitoring applications can 
be either an interactive mobile telephone system 
(mHealth) or based on the Internet. These are 
promising tools for supporting the self-management 
of asthma and may help to increase patient 
adherence. One of the most important applications 
of digital technology for inhaled delivery systems is 
electronic monitoring devices for inhalers. Their use 
is growing rapidly because of their ability to provide 

detailed and objective data on patient adherence to 
treatment in order to aid clinical decision making. 
Patient self-reporting is often unreliable and may 
over-estimate adherence. Remote monitoring has 
the potential to allow physicians to monitor patients 
more reliably and reduce hospital visits. Accurate 
adherence data could allow clinicians to make better 
informed care decisions by eliminating sub-optimal 
adherence as the cause of poor treatment response, 
thus avoiding unnecessary dose escalations or 
add-on therapies. One of the biggest obstacles to 
uptake of the technology has been price. However, 
prices are falling as the technology becomes more 
commonplace [51]. As digital remote monitoring 
becomes an established element of healthcare, its 
use is likely to increase rapidly [52]. Morrissey [53] 
described a five-step process for remote monitoring: 
1) the device is activated for passive data collection by 
the caregiver or patient, then the device collects and 
packages the data ready for transmission; 2) the data 
are transmitted via the Internet, telephone or other 
electronic method, and received by the appropriate 
caregiver; 3) the data are reviewed either by an 
algorithm or a clinician and the information is 
tabulated, with indicator thresholds of normal and 
abnormal results embedded in the process to alert 
the care team if an acute event occurs; 4) an alert is 
sent to the patient and designated responders who 
can provide assistance to the patient; 5) treatment is 
adjusted where necessary and the clinician teaches 
the patient, caregiver and family about how to avoid 
similar incidents.

The use of “intelligent” delivery systems is 
not new. Inhaler monitoring devices were first 
introduced at the beginning of the 1980s and have 
been developing ever since for the assessment of 
medication adherence [54]. A recent review article 
identified a number of studies that introduced 
electronic monitoring devices designed either as 
novel inhalers or inhaler add-ons [54]. These included 
the Turbuhaler Inhalation Computer, Electronic 
Diskhaler and Diskus Adherence Logger, all of which 
are attempts to objectively monitor the use of devices 
and record the date and time of every valid inhalation. 
The SmartMist, which introduced sensing capabilities 
allowing the assessment of inhalation technique in 
addition to adherence, has been described as an 
important evolutionary step in smart inhaler design, 
which also included an innovative mechanism for 
the automated actuation of MDIs [54].

With increasing integration of microprocessors 
into inhaler devices, we are likely to see an expanding 
role for intelligent delivery systems that are able 
to analyse a patient’s breathing patterns to allow 
more precise control of the drug dose delivered 
to the lungs [55]. These devices are also able to 
target specific areas of the lung and minimise drug 
waste [56]. So-called “intelligent” nebulisers are 
one such application. The AKITA system is a stand-
alone control unit that operates with an electronic 
SmartCard to coordinate delivery with the patient’s 
breathing pattern. The system works with both jet 
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nebulisers (AKITA JET; Vectura GmbH, Gauting, 
Germany) and the newer mesh nebulisers (AKITA 
APIXNEB and AKITA2 APIXNEB; PARI Pharma GmbH, 
Gräfelfing, Germany). A similar system is the I-neb 
adaptive aerosol delivery system (Philips Respironics, 
Murrysville, PA, USA). It is a vibrating mesh nebuliser 
that only delivers aerosol during inhalation [57].

MyAirCoach is an initiative funded by the 
European Union that is working towards developing 
a system that helps people with asthma to manage 
their condition. At present, it is running a trial to 
assess its usability in patients with asthma. This 
system promises to be more sophisticated than 
currently available self-management tools and will 
involve the combination of a “smart” inhaler and an 
application for the patient’s smart phone or tablet. A 
smart inhaler contains a number of sensors that will 
record how well people are taking their medication. 
It aims to detect small changes in their asthma 
that they may not even notice. Environmental 
information will also be recorded, allowing 
potential triggers to be logged. It is likely that digital 
technology will play a big role in the next period of 
inhaler development, allowing improved patient 

communication and self-management as well as 
the monitoring of adherence to treatment [54].

Conclusions

Today’s inhalers are the result of decades of 
research, design and innovative engineering and 
have improved the quality of life of hundreds 
of millions of people worldwide over this time. 
Considerable challenges still remain to be overcome 
in order to continually innovate and improve 
targeted inhaled drug delivery to the lungs. Forbes 
et al. [58] suggested “open innovation” as a way 
forward. This would require more collaborative 
research within the pharmaceutical industry and 
between industry and academia to increase the 
future chances of success. This may reduce the 
pathways to developing new medicines and allow 
the sharing of costs at a time when development 
costs are rising. The importance of industry 
collaborations with academics working on cutting-
edge science cannot be underestimated and may 
lead to the new mechanisms and scientific insights 
and approaches that will be required to overcome 
the challenges ahead.

From the healthcare professional’s perspective, 
patient adherence is the biggest obstacle to efficient 
inhaled therapy. Top of their list would be to see 
innovation that leads to improved adherence and 
simpler clinical care. They would like to understand 
the many reasons for non-adherence in their 
patients and see innovative approaches that 
motivate them to engage in self-care. This may 
involve care models that support shared decision 
making and involve patient-centred communication 
around technology that decrease refusals and 
increase patient satisfaction [59].

Patients may see things differently and might be 
suspicious of technology that monitors the use of 
their inhaler. They may see it as a means of punishing 
rather than empowering them [59]. Innovation should 
therefore support the process of self-care and not just 
measure the outcome. It should lead to increased 
engagement between the user and the healthcare 
team and be developed with the support of patients 
themselves. Innovation should motivate patients 
to achieve the goals of improving their health in 
the same way that the new generation of health-
centred watches and mobile phone applications leads 
to increased physical activity as owners are driven 
to improve their daily step counts. Patients would 
agree with their health carers that any new innovation 
should lead to an improvement in their condition and 
not just add to the burden of duties that must be 
carried out in order to manage their condition.
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Self-evaluation questions
1.	 In which year was the first pMDI introduced?

a)	 1971
b)	 1996
c)	 1956
d)	 2000

2.	 What is the main asthma management challenge facing healthcare 
professionals?
a)	 Rising cost of asthma treatment
b)	 Poor patient adherence to treatment
c)	 Lack of new treatments available
d)	 Poor inhaler design

3.	 What is the main advantage of small particle aerosols?
a)	 Their small size allows them to target the small airways better
b)	 The drug concentration is higher
c)	 The cohesive forces that cause the particles to stick together are lower
d)	 Patients don’t need to inhale so hard to get the correct dose

4.	 What is the main advantage of digital technology in inhaled 
medication?
a)	 Patients can get instant feedback of how their asthma is responding 

to treatment
b)	 Inhalers can be made more efficient
c)	 Patients know that their inhalers can use the latest technology
d)	 It is a useful tool for the self-management of asthma and patients 

can be remotely monitored by doctors and caregivers
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