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Summary 

Inhalation errors have a significant impact on the disease control of asthma and chronic obstructive pulmonary 
disease (Melani AS et al. Respir Med. 2011;105(6):930-8; Al-Jahdali H et al; Allergy Asthma Clin Immunol. 
2013;9(1):8. Westerik JA et al; J Asthma. 2016;53(3):321-329) with resultant economic burdens on the health 
care costs (Lewis A et al. BMC Health Serv Res. 2016; Jul 12, 16:251). The type and incidence of these errors 
has not changed over the past 40 years (Sanchis J et al. Chest. 2016;150(2):394-406). Analysis of published 
inhaler errors highlights that these can be categorised into dose preparation and inhalation manoeuvre errors. 
These categories are all generic for metered dose inhalers. Inhalation manoeuvre procedures are also generic 
errors when using dry powder inhalers whereas dose preparation steps are device specific. The CritiKal study, 
carried out throughout Western Europe and in Australia, examined inhaler errors and the level of asthma control 
in 3660 patients. This study has identified which inhalation technique errors are clinically significant. Also new in-
vitro methods of identifying dose emission using patient inhalation profiles (Chrystyn H et al. Int J Pharm. 
2015;491(12):268-76) are providing useful information about formulations that are not affected by how the patient 
inhales. Furthermore newer inhalers are now designed so that they are more intuitive to use. These latest 
contributions to the literature should direct healthcare professionals' counselling sessions when choosing an 
inhaler for a patient and training them how to use it.  

Introduction 

Problems using the correct inhaler technique have been reported to be associated with poor disease control in the 
management of asthma and chronic obstructive pulmonary disease [1] [2] [3]. It has been reported that errors when 
using either a metered dose inhaler (MDI) or dry powder inhaler (DPI) are significantly associated with an 
increased risk of hospitalisations, emergency room visits, increased antibiotic prescribing and increased 
prescribing of short course of oral prednisolone [1] as well as education level, the patient's age and follow up after 
inhaler training [1] [2] [3].  These studies have also shown that no previous inhaler technique training is significantly 
associated with errors.  
An economic costing model has identified the burden of poor inhaler technique in Spain, Sweden and the UK [4]. 
Taking into account hospitalisations, emergency room visits, increased antibiotic prescribing and oral 
prednisolone courses the annual cost of poor inhaler technique was €109, €55 and €21 per patient. Projecting 
these direct costs and adding indirect costs (such as lost productivity) revealed that the overall cost to each 
country was considerable. It is important that the clinical significance of inhaler errors is identified and steps are 
taken to focus on these because there has been no improvement with inhaler technique over the past 40 years [5] 
from when they were first identified [6]. 
 
Inhaler technique - scale of the problem and general classification of errors 

Recent systemic reviews [5] [7] and a meta-analysis [7] have shown that there are large number of patients that 
make errors when using their inhalers. The pooled estimate for the percentage of patients with a least one overall 
and one critical inhaler technique error when using MDIs was found to be 86.8% [95% confidence interval (CI) 
79.4–91.9] and 45.6% [95% CI 26.0–66.6], respectively [7]. Similar error rates for DPIs were 60.9% [95% CI 39.4–
79.0] and 28.4% [95% CI 22.0–35.8], respectively [7]. 
Table 1 highlights that the problems when inhalers are used can be divided into dose emission, dose preparation 
and the inhalation manoeuvre. For MDIs all the problems shown in Table 1 are generic whereas for DPIs dose 
emission and dose preparation are unique to the DPI, hence they are device specific. Errors associated with the 
DPI inhalation manoeuvre are generic. The most common inhalation manoeuvre errors are no exhalation, not 
sealing the lips round the mouthpiece and not using a fast and deep inhalation as well as no breath hold.  
 
Table 1. Problems associated with inhaler use 

 MDI devices DPI devices 

Dose emission Consistent Ranges from consistent to erratic 

Dose preparation Errors are common: shake, upright Errors are device specific 

Inhalation manoeuvre Errors are common: exhale, co-
ordination, slow and deep 
inhalation, breath hold 

Errors are common: exhale, seal 
lips, fast and deep inhalation, 
breath hold 

 
Inhaler use problems 
(a) Dose emission 

One advantage of MDIs is that dose emission is always consistent whether this is at the beginning (BOL), middle 
(MOL) and end (EOL) of life for the doses available in the device [8]. In contrast dose emission from DPIs ranges 
from consistent [9] at BOl, MOL and EOL [10] to large inter- and intra- inhaler variability in the emitted dose [9] [11]. 
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This DPI dose emission variability occurs despite preparing the dose according to the manufacturer's 
recommended dose preparation procedures in the Patient Information Leaflet. 
(b) Dose preparation 
Not shaking before actuating a dose and not holding the device upright are the common errors made by patients 
when using their MDIs [1]. Shaking the MDI is required because some formulations are a suspension of drug 
particles in the propellant while not holding the canister upright means that the next dose is not extracted from the 
formulation [12]. Many MDI formulations are now solutions so shaking before use may not be important but data 
about this is not available. 
Incorrect orientation of the DPI when preparing the dose is a very common error made by patients [1] [13]. Other 
issues during DPI dose preparation are shaking the device after the dose has been prepared [14] and exhaling into 
the device [1) [13]. Shaking a DPI after the dose has been metered reduces the dose available for inhalation whilst 
exhaling into the device introduces moisture to the formulation and thus affects dose emission [15]. These shaking 
and exhaling issues can only be solved by inhaler training whereas correct dose preparation can be solved by 
DPIs that are not dependent on the inhaler's orientation when the dose is metered [10].  Reducing the number of 
dose preparation steps and making DPIs more intuitive to use reduces the incidence of these dose preparation 
errors [14] [16]. 
(c) Inhalation manoeuvre 

Not using a slow inhalation and poor co-ordination when using a MDI are the two most common errors made by 
patients [17] [18].  When patients use a slow inhalation co-ordination is not important as long as the dose is actuated 
after the start of the inhalation [19]. Using a slow inhalation flow with a MDI improves asthma quality of life [17]. 
MDIs formulated so that the emitted dose emits extra-fine particles improves lung deposition and reduces the 
effect of the inhalation flow [20] as well as reducing the effect of poor co-ordination [21]. 
The generic instruction to use a 'slow and deep' inhalation is not clear and open to mis-interpretation. It has been 
recommended to replace this with an instruction to use an inhalation that lasts 5 seconds in an adult and 2-3 
seconds in a child [22]. This objective instruction has been shown to slow down inhalation flows when patients use 
their MDI and during real-life use they maintain using a slow flow over the next 4 weeks [23].  
Two large studies of real life inhaler technique have reported that almost a third of patients made inhalation 
manoeuvre errors when using their DPI [1] [13]. These common errors were not exhaling, not inhaling with a forceful 
and deep inhalation as well as not holding the breath at the end of each inhalation [1] [13]. A recent systematic 
review [5] has shown that 46% of patients[95% CI of 42%-50%] did not exhale before making an inhalation. Thirty 
seven percentage of patient [95% CI of 33%-40%] did not hold their breath after an inhalation. Not using a deep 
and forceful inhalation occurred in 16% [95% CI, of 13-20%] [5]. Another systematic review and meta analysis [7] 
has also revealed that the most common errors when using a DPI were no exhalation, no breath hold and not 
sealing the lips. 
 
What is the solution to the problems patients have using inhalers? 

It is essential to prescribe an inhaler that a patient can and will use [22]. A recently completed study, CritiKal [24], 
which is part of the iHARP asthma review service, involved 3660 adults with asthma throughout West Europe and 
in Australia. This study has identified which inhaler technique errors are associated with poorer asthma control. 
CritiKal has identified that the generic inhalation manoeuvre errors, identified above, are all related to poorer 
asthma control. Furthermore some clinically significant dose preparation errors have been identified [24]. The 
CritiKal study has, therefore, identified which clinically important (hence critical) errors to focus on during 
inhalation technique training. 
Novel in-vitro dose emission methodology which uses patient inhalation profiles to identify the type of dose the 
patient would have inhaled during real life use has been pioneered [25]. This method replaces the vacuum pumps 
traditionally used to measure dose emission. Vacuum pumps can only produce a square wave inhalation profile 
that no human can replicate. Using this new and novel methodology it has been shown that the dose emitted from 
some DPIs is not dependent on the speed of the inhalation [25]. Hence. if a patient uses a weak inhalation when 
using certain DPIs the emitted dose is the same as the emitted dose when using a strong inhalation [25]. 
Using devices that are intuitive to use [14[ [16] will reduce the incidence of dose preparation errors and help to 
maintain the trained inhalation technique during real life use [14] while patient satisfaction with the device improves 
patient compliance [26]. Wherever possible patients should be prescribed the same type of device for their 
medications (either all MDIs or all DPIs). It has recently been reported that patients with COPD who mix devices 
(MDI and DPI) have more exacerbations than those that use similar devices [27]. The cost of producing most 
salbutamol DPIs compared to the much lower remuneration that would be received for these salbutamol devices 
limits their availability. 
 
Summary 

The problems that patients have using their inhalers are common and result in poorer disease control and 
increased healthcare costs.  The Critikal study has identified the clinically significant inhaler technique errors 
made by patients and these should be the focus during inhaler technique training. Mixing devices should be 
minimised but this may not be easy because of the limited availability of salbutamol DPIs.  
Using devices that are more intuitive, easy to use and preferred by patients as well as using devices whose 
emitted dose is not dependent on the inhalation flow and focusing training on the potential errors that give rise to 
poor disease control will help to solve the problems patients have using their inhalers. 
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