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a b s t r a c t 

Inhalers are a key aspect of managing airways disease. With effective use, they can reduce symptoms, reduce the frequency of exacerbations and thus reduce usage 

of healthcare services. Inhalers are associated with a significant carbon footprint, accounting for 3% of NHS’ carbon emissions. We aimed to audit inhaler technique, 

patient preferences and inhaler prescribing and disposal to identify areas for improving the sustainability of respiratory care. An audit tool was created, and patient 

interviews conducted across eight different sites. Our data demonstrate that inhaler users, while self-reporting high levels of confidence in their inhaler technique, 

frequently make errors in inhaler technique. Additionally, the majority of patients considered the carbon footprint of their inhalers important and would consider 

changing to a lower carbon alternative. The majority of patients surveyed were not disposing of their inhalers correctly. This short audit has identified key areas for 

improvement in the quality and sustainability of respiratory care. 
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Questions 

- To what extent does UK respiratory care meet best practice 
guidelines (specifically those relating to patient education, use 
and disposal)? 

- What issues relating to the patient education, use and disposal 
of inhalers are a priority to address? What barriers are there 
to improvements? 

- Can improvements add sustainable value to our healthcare sys- 
tems as assessed by the triple bottom line? 

ntroduction 

As health services strive to reduce their environmental impacts and

he consequent negative health impacts of their activities, respiratory

are represents a key domain where improvements can be made. 1 , 2 

nhalers are the mainstay of the management of airway disease, both

or symptom control and reduction of risk of exacerbation. 3,4 Inhalers

ave impacts across multiple environmental domains, with significant

ssociated harms to human health locally and globally. 5 Among other

mpacts, inhaler production depletes limited natural resources and con-
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ributes to climate change and air pollution, their use involves release

f greenhouse gas emissions, and their disposal contributes to land, air

nd water pollution. 6 While some of these environmental impacts have

ot been quantified, their contribution to climate change has been esti-

ated. Inhalers account for around 3% of the English National Health

ervice (NHS)’s total greenhouse gas emissions. 7 Appropriate inhaler

rescribing, use and disposal are important both to maximise the effi-

acy of inhalers and the quality of respiratory care, and to improve the

ustainability of respiratory care. It is important to note that the reduc-

ion of respiratory exacerbations that result in hospitalisations, improves

atients’ experiences and reduces environmental harms from healthcare

elivery. 8 

British Thoracic Society (BTS) guidance recommends switching to

ower carbon inhalers where appropriate. 9 It is important to identify

atients who would benefit from lower carbon alternatives to their cur-

ent inhaler. Inhalers selection requires appropriate choice of the active

edication delivered, dose of medication and mechanism of delivery

f medication into the airways. Commonly available devices are me-

ered dose inhalers (MDIs), dry powder inhalers (DPIs) and soft mist

nhalers (SMIs). 3 MDIs use a propellant gas to deliver medication into

he airways, DPIs rely on turbulent flow generated by the user and SMIs

erosolise the medication to be inhaled. All inhalers have environmen-

al impacts. 6 All inhalers, including propellant-free inhalers (DPIs and
sent the policy of the Royal College of Physicians unless specifically stated. 

W 1 2BU. 

e of Physicians. This is an open access article under the CC BY-NC-ND license 

https://doi.org/10.1016/j.fhj.2024.100141
http://www.ScienceDirect.com/science/journal/25146645
https://www.sciencedirect.com/journal/future-healthcare-journal
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fhj.2024.100141&domain=pdf
mailto:Evie.rothwell@nhs.net
https://doi.org/10.1016/j.fhj.2024.100141
http://creativecommons.org/licenses/by-nc-nd/4.0/


E. Rothwell, J. McElvaney, A. Fitzpatrick et al. Future Healthcare Journal 11 (2024) 100141

Pie Chart 1. Respondents’ primary diagnosis for which they use inhaler(s) ( n = 143). Chronic obstructive pulmonary disease (COPD) (45%). Asthma + COPD (4%). 

Interstitial lung disease (2%). Cystic fibrosis (2%). Bronchiectasis (2%). Allergy/ hay fever (2%). Long covid related (1%). 
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MIs), have proven effects on fossil fuel depletion, terrestrial acidifica-

ion and freshwater and marine eutrophication. 6 MDIs have the biggest

mpact in terms of direct greenhouse gas emissions due to the high global

arming potential (GWP) of the propellant used, which can be up to

,350 times greater than CO2 . 
5 As the NHS strives to reach Net Zero, in-

alers represent a key domain where improvements can be made. 1 De-

ivering good quality respiratory care itself contributes to a sustainable

ealthcare system, as better disease control results in reduced health-

are usage, thus reducing healthcare environmental impacts. 8 Where

ood disease control is achieved by using lower carbon alternative in-

alers, this entails even larger carbon savings. 10 

This project aimed to audit inhaler technique, patient preferences

nd practice / prescribing at secondary care sites to identify areas of

mprovement. To facilitate this, we developed and tested the usability

f an inhaler audit tool. 

ethods 

udit design 

Auditable principles were identified based on NICE and BTS guid-

nce. 11 , 12 A series of questions were drafted to assess whether these

tandards had been met for a given patient (proforma in appendix). The

roforma included one question about the patient’s respiratory condi-

ion, but no further demographic data were collected. The audit pro-

orma was piloted twice with six and then 20 inpatients. Each time feed-

ack from healthcare professionals and patients was used to improve the

roforma. 

ecruitment 

Participating sites in the UK were recruited via written invitation to

ealthcare professionals, this included information on benefits in terms

f improving quality of care, learning opportunities for participating

linicians and requirements in terms of time and team members. This

as disseminated via respiratory and sustainability networks including

K Respiratory SpR Network and Centre for Sustainable Healthcare Res-

iratory Network. A webinar was hosted to outline the project plan and

iming, and to discuss queries with case study sites. A second webinar
2

as held with all participating sites to enable all participating teams to

nput into the proforma design. 

articipants 

Patients were considered eligible for the study if they were i) an

npatient on an adult ward and ii) using inhaled therapies. Participating

eams included patients on respiratory or acute medical wards. Patients

eemed to be lacking mental capacity were not interviewed. 

udit dissemination and sites 

Each site gained Caldicott approval. Teams were made up of a res-

iratory consultant, specialist nurse or registrar and a junior doctor or

urse. A senior supervisory team member (respiratory consultant) was

andatory. Participating sites included a mix of district general hospi-

als and teaching hospitals in both rural and urban settings. Participating

ites were: 

Addenbrookes Hospital (Cambridge University Hospitals NHS Foun-

ation Trust), Oxford University Hospitals, Princess Royal Telford

Shrewsbury and Telford), Whipps Cross Hospital (Barts Health NHS

oundation Trust), Dumfries and Galloway Royal Infirmary (NHS Dum-

ries and Galloway), Kings College London Hospital (Kings College Lon-

on NHS Foundation Trust), Chesterfield Royal Hospital (Chesterfield

oyal Hospital NHS Foundation Trust) and Bristol Royal Infirmary (Uni-

ersity Hospitals Bristol NHS Foundation Trust). 

ata collection and analysis 

The audit data were collected at each site by participating teams

nd then emailed securely via NHS email to be collated. Inhaler tech-

ique was scored against six steps for DPIs and five for MDIs, from these

n inhaler technique score (corresponding to the rate of correct steps)

as generated. Surveys were collated and analysed in Excel. Descriptive

tatistics were calculated. One site did not use the most recent version of

he spreadsheet (taking into account edits during the webinar review),

herefore they did not provide data for a number of the questions and

or these questions data from only seven sites were included. 
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Table 1 

Responses to the question ‘How confident are you with your inhaler technique for this inhaler?’ for dry powder and metered dose inhalers. 

Answer Number of respondents for dry powder inhalers (DPI) ( n = 68) Number of respondents for metered dose inhaler (MDI) ( n = 126) 

Very confident 36 (58%) 72 (57%) 

Confident 28 (41%) 38 (30%) 

Somewhat confident 2 (3%) 10 (8%) 

Not at all confident 1 (1%) 5 (4%) 

Other 1 (1%) 1 (1%) 

Table 2 

Responses to the question ‘Has a healthcare professional demonstrated good inhaler technique for this inhaler to you before? If so, was that in the last one month, 

the last one year, or longer ago?’ for dry powder and metered dose inhalers. 

Answer Number of responses for dry powder inhaler (DPI) ( n = 68) Number of responses for metered dose inhaler (MDI) ( n = 126) 

Yes < 1 month ago 11 (16%) 20 (16%) 

Yes 1m-12 m ago 13 (19%) 24 (19%) 

Yes > 1 year ago 31 (46%) 66 (52%) 

No never 12 (18%) 15 (12%) 

Unsure 1 (1%) 1 (1%) 

Table 3 

Inhaler technique scores attained by respondents when assessed by survey providing clinician, for dry powder and metered dose inhalers. 

Inhaler technique score (/6) Number of respondents attaining score for 

dry powder inhalers (DPI) ( n = 68) 

Inhaler technique 

score (/5) 

Number of respondents attaining score for 

metered dose inhaler (MDI) ( n = 123) 

1 2 (3%) 1 5 (4%) 

2 2 (3%) 2 14 (11%) 

3 6 (9%) 3 27 (22%) 

4 14 (21%) 4 37 (30%) 

5 21 (31%) 5 40 (33%) 

6 23 (34%) 

Score were assessed as per the instructions on the audit proforma (appendix). Patients received a point for each correctly attained step in inhaler usage to generate 

a score /6 for DPI and /5 for MDI. 

Summary of steps: 

DPI 

1. Prepare the inhaler (as per inhaler, eg shake inhaler, remove mouth piece). 

2. Empty lungs. 

3. Positioning (sat up straight, chin inclined up). 

4. Mouth seal. 

5. Fast, deep inhalation. 

6. Hold breath for 30 s. 

MDI 

1. Prepare inhaler e.g. remove mouthpiece, attach spacer. 

2. Empty lungs. 

3. Positioning (sat up straight, chin inclined up). 

4. Mouth seal. 

Appropriate inhalation – slow and gentle if no spacer or five tidal breaths if using spacer, plus appropriate spacing between doses if multiple doses. 
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escription of respondents ( Pie chart 1 ) 

There were 143 respondents from eight centres, asthma (39%),

OPD (45%), mixed (4%) and a remaining 12% with other diagnoses.

atients who used both DPIs and MDIs answered for each type of de-

ice they used, fewer respondents answered relating to DPIs ( n = 68)

ompared with MDIs ( n = 126). 

nhaler technique ( Tables 1–3 ) 

For DPI use, only 34% demonstrated perfect technique (6/6 steps

erformed correctly). For MDI use, only 33% demonstrated perfect tech-

ique (5/5 steps performed correctly). For MDI users prescribed two

uffs at the same time (35% of users), 93% demonstrated incorrect tech-

ique taking this dose regimen. 100% demonstrated perfect technique

hen prescribed two puffs separated by 30 s in-between doses (this in-

ludes re-mixing the drug and propellant by shaking). We are unable

o report on inspiratory effort used due to insufficient data received.

atients had high levels of reported confidence in their own technique.
3

4% of DPI users were confident or very confident, compared with 87%

f MDI users. 

In both DPI and MDI users, 66% could not recall having inhaler tech-

ique demonstrated by a healthcare professional in the last 12 months.

nhaler prescribing and disposal ( Tables 4 , 5 ) 

When asked whether they knew when to replace the inhaler, 87% of

PI users responded ‘Yes’, whereas 60% of MDI users responded ‘Yes’.

he majority of DPI and MDI users requested their inhalers when re-

uired (54% and 65% respectively) rather than receiving them auto-

atically (37% and 33% respectively). 

When asked how patients most frequently dispose of their inhalers,

he majority responded ‘Household waste bin’ (58%), with only 13%

eturning inhalers to the pharmacy. Most patients were unaware that

nhalers could not be recycled in the local council recycling bin (78%). 

atient preferences ( Table 6 ) 

96% of patients answered that being able to use the inhaler correctly

nd easily was either ‘Important’ or ‘Very Important’ to them. 83% of
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Table 4 

Responses to the question ‘Do you know when this inhaler needs replacing?’ for dry powder and metered dose inhalers. This refers to the patient’s opinion. 

Answer Number of responses for dry powder inhaler (DPI) ( n = 68) Number of responses for metered dose inhaler (MDI) ( n = 125) 

Yes 59 (87%) 75 (60%) 

No 9 (13%) 50 (40%) 

Table 5 

Responses to the question ‘How do you most frequently dispose of your in- 

halers?’ for all respondents. 

Answer Number responses ( n = 122) 

Return to pharmacy 16 (13%) 

Household waste bin 71 (58%) 

Recycling bin 27 (22%) 

Recycling bin + return to pharmacy 1 (1%) 

Other 7 (6%) 
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atients answered that being able to tell how many doses remain in

he inhaler was either ‘Important’ or ‘Very Important’ to them. 85% of

atients answered that portability of the inhaler was either ‘Important’

r ‘Very Important’ to them. 65% of patients answered that inhalers

aving a low carbon footprint was either ‘Important’ or ‘Very Important’

o them. 

When asked whether patients would consider switching to a differ-

nt inhaler, 92% said they would do so for improved ease of use, 68%

or increased portability, 69% for a lower carbon footprint, 51% for no

equirement for a spacer and 28% said they would not change their cur-

ent inhaler. 

iscussion 

Our study has demonstrated high-levels of poor inhaler technique

ut willingness of patients to consider changes for effectiveness, ease of

se or environmental reasons and opportunities to improve inhaler use

n the UK. 

nhaler technique 

The percentage of patients making at least one error in inhaler tech-

ique in our study was 66% for DPIs and 67% for MDIs. Similar lev-

ls of inhaler errors have been demonstrated in other studies. 2 , 13 Exact

omparison of levels of poor technique is difficult as studies use differ-

nt definitions of error, however reported rates are up to 90%. 14 Poor

echnique has been linked to worse disease control and increase use

f healthcare services (eg for exacerbations of asthma or COPD). 14 In-

reased use of services, and of inhalers themselves, increases the carbon

ootprint of respiratory care. 

Despite this high rate of error, patients’ confidence in their own in-

aler technique is generally high. This overestimation of inhaler tech-
Table 6 

Responses to the question ‘How important to you is:’ for each of the following facto

Answer ‘Being able to 

use your inhaler 

correctly and 

easily’ ( n = 143) 

‘Being able to tell how 

many doses are left in 

your inhaler’ ( n = 142) 

‘Having t

spacer fre

( n = 122) 

Very important 111 (78%) 77 (54%) 24 (37% 

∗

Important 26 (18%) 41 (29%) 14 (22% 

∗

Somewhat important 5 (%) 14 (10%) 9 (14% 

∗ ) 

Not important 1 (1%) 11 (8%) 18 (28% 

∗

Other 0 (0%) 0 (0%) NA 

Not applicable NA NA 57 (47%)

Values indicate number of responses for each question. 

NA = not applicable. 
∗ %s calculated for respondent group who answered that the question was applica

4

ique has been reported on widely. 13,15–17 This is significant as time

ressures have been stated by clinicians as a barrier to assessing inhaler

echnique and asking patients confidence may be used as a proxy for a

ull assessment. 16 , 18 Our study adds to the evidence that confidence is

nlikely to be an appropriate surrogate marker for patient demonstra-

ion of technique at inhaler reviews. 

Our study revealed that a minority (34%) of patients reported receiv-

ng a demonstration of inhaler technique in the past year. Concerningly,

8% and 12% for DPI and MDI users respectively, reported never receiv-

ng a demonstration. NICE (National Institute for Health and Care Ex-

ellence) guidelines emphasise ‘regular’ assessment of inhaler technique

o ensure patients can use their inhalers. 11 There is evidence that reg-

lar assessments and corrections of inhaler techniques improve disease

ontrol. 19 , 20 

The low levels of correct technique that we have seen in this study

uggest that there is unmet need to educate patients about correct in-

aler technique. We have identified poor technique as an area that can

mprove both the effectiveness and sustainability of respiratory care. We

herefore recommend a focus on inhaler technique during inhaler re-

iews, and ensuring patients are using current inhalers correctly, prior

o escalating care in other (more resource and carbon intensive) ways. 

atient preferences 

We found that the majority (65%) of patients surveyed think that the

arbon footprint of their inhaler is important, a larger majority (69%)

ould consider switching to a lower carbon alternative if one was avail-

ble. Other important factors for patients when making decisions re-

arding switching inhalers were ease of use, transportability and dose

ounters. Similar studies have showed similar levels of willingness to

witch to lower carbon alternatives (60% of MDI users). 21–23 D’Ancona

t al found that a large proportion (65% of patients/carers surveyed)

ere unaware of the environmental impact of inhalers. 23 These find-

ngs together highlight the importance of including information about

he environmental impact of inhalers when discussing treatment options

ith patients as outlined in NICE’s patient decision making aid. 24 De-

pite this preference for lower carbon inhalers, previous studies have

hown there is a larger proportion of MDI prescriptions in the UK, com-

ared with other European countries. 25 Additionally, there is large vari-

tion between local CCG guidance, with 26% offering no first line DPI

or at least one stage of asthma management. 26 This indicates that our

ractice and guidance do not accurately account for patient preference.
rs, for all respondents. 

o clean your 

quently’ 

‘Being able to carry your inhaler 

(and your spacer, if applicable) 

around with you easily‘ ( n = 122) 

‘That your inhaler has a 

low carbon footprint’ 

( n = 122) 

 ) 63 (53% 

∗ ) 45 (37%) 
 ) 38 (32% 

∗ ) 34 (28%) 

8 (7% 

∗ ) 15 (12%) 
 ) 11 (9% 

∗ ) 28 (23%) 

NA NA 

 2 (2%) 0 (0%) 

ble to them. 
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nhaler disposal 

Despite there currently being no nationwide inhaler recycling

cheme, it remains important to return inhalers to the pharmacy to

nsure they can be disposed of through clinical incineration, minimis-

ng landfill and the release of unused propellant gas into the atmo-

phere. 27 , 28 Most patients do not dispose of their inhalers correctly –

nly 13% returned them to the pharmacy. Reported rates in the litera-

ure of returning inhalers to pharmacies ranged from 2–35%. 29–31 In our

udit 78% incorrectly thought they could be disposed of in local council

ecycling bins. Other studies show similar misconceptions surrounding

nhaler disposal. Encouragingly in previous studies there appears to be

igh motivation for recycling – between 98.3–100% of patients said that

hey will dispose of inhalers appropriately in the future after being told

ow. 29–31 Thus, if this knowledge gap was addressed it may result in

ignificant behaviour change. 

rescribing 

Approximately a third of patients audited receive their inhalers on

epeat prescription automatically each month (37% of DPI users and

3% MDI users). For inhalers used with regular dosing this may be

ppropriate, however for inhalers used as relievers with unpredictable

PRN’ usage, this may represent over- or under-supply. 32 To prevent

versupply of PRN medications, variable use prescription modalities

ould be used, where patients request new inhalers when it has run

ut. Furthermore, this gives greater potential for prescribers to monitor

sage and notice when review may be required. Both MDIs and DPIs can

e used with regular dosing, and thus it is hard to conclude whether this

epresents inappropriate prescribing. 

trengths and limitations 

A strength of this study is that data were collected from multiple hos-

itals across the UK. We audited inhaled therapy across a range of dis-

ases, with no exclusion of participants based on indication. The study

ook place in a ‘real world’ setting rather than during a trial or extended

bservational period. Therefore, the audit tool that we have created is

ikely to be usable and useful with inpatient populations using inhalers

cross the UK. 

This study adds to the growing literature on patient perspectives re-

arding respiratory care. It also provides a proforma (in appendix) that

an be used to better inform clinical decision making. The act of com-

leting the audit also serves to raise awareness, review inhaler technique

nd start conversations with patients regarding the environmental im-

act of inhalers. 

We did not collect demographic data. We could not adjust for or

onsider demographic factors which may affect inhaler technique and

easons for switching inhalers. 2 , 13 It may be that the prevalence of these

haracteristics amongst our respondents contributed to the slight differ-

nces between our study and previous ones. 

There is no consensus on how best to assess and report errors in

nhaler technique. To assess errors, we used a self-assessment question-

aire followed by demonstrations by patients, this is common to other

tudies. 2 , 13 There is the potential for interviewer bias and inter-observer

ariability as different interviewers were carrying out the assessments

t different sites. We mitigated for this by training interviewers at an

nitial webinar, and ensuring each team had senior supervision. There

s also the risk of social desirability bias, that patients reported what

hey felt the interviewer wanted to hear. Additionally, carrying out the

nterviews at times of acute admissions may not accurately reflect how

atients view their inhalers most of the time, evidence shows that at

imes of crisis patients are more likely to consider changing their be-

aviour. 33 

The way in which errors in inhaler technique are reported is highly

ariable. 2 , 13 , 34 , 35 We assessed patients against a set of errors identified
5

s important in previous studies, however did not tailor this to specific

evices, and as such may overestimate the number of ‘critical’ errors

ur patients were making. 36 Additionally, inhaler technique was only

ssessed once so may not have reflected ongoing use. 

Some people will be more likely than others to participate in an au-

it (selection bias), although it is unknown whether these people are

ore or less likely to have good inhaler technique or consider switching

nhalers. Patients may have been more likely to state that they would

onsider switching inhalers because it is known that people will consider

ehaviour changes at significant life events (such as a hospital admis-

ion). 33 

onclusions 

We have demonstrated that a simple audit proforma can be used

s a tool to explore inhaler technique and patient preferences for in-

alers. We audited inhaler practice at eight sites with 143 participants

cross the UK and have provided a baseline data set for future use. We

emonstrated that despite high levels of confidence in inhaler technique,

atients make regular errors and only a minority report having had re-

ent demonstrations. The majority think that the environmental impact

f inhalers is an important consideration when choosing inhalers. We

lso demonstrated important knowledge gaps surrounding inhaler dis-

osal. These are important findings as the NHS aims to reach net zero,

educing the carbon footprint of healthcare while ensuring high qual-

ty care. Healthcare professionals, where appropriate to do so, should

ndeavour to support patients to safely switch to low-carbon inhalers

nd provide education on inhaler disposal and recycling. This method-

logy was useful for understanding patient preferences. We recommend

hat future projects also collect data regarding type of device, this is

ecause different devices have different ‘critical errors’ and prescribing

est practice. With patient preference aligning with sustainable choices

witching to lower carbon inhalers is ‘low hanging fruit’ in the efforts

o reduce the environmental impact of respiratory care. Future research

hould explore why despite patient preferences for low carbon inhalers,

ost patients historically receive MDIs. 25 
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