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ABSTRACT
Background: Inhalers contribute to health care–related environmental 
impacts, particularly through greenhouse gas emissions. They are 
dispensed in multidose formats, which leads to waste, yet little is known 
about the environmental impact of inhaler waste in the hospital setting.

Objectives: The primary objective was to quantify wasted inhaler 
actuations on adult medicine and respiratory wards at a community and 
a tertiary hospital. Secondary objectives were to quantify the cost and 
carbon footprint of wasted doses, to determine the rate of duplicate 
inhaler dispensing, and to quantify the prevalence of dispensed inhalers 
remaining unused.

Methods: For this multicentre, retrospective chart review, the 
pharmacy informatics team generated a report of adult inpatients for 
whom one or more inhalers were dispensed from the pharmacy to the 
respiratory and general medicine wards at a 500-bed tertiary hospital 
or to the medicine–surgery ward at a 48-bed community hospital over 
3 nonconsecutive months (during fiscal year 2021/22). The number of 
inhalers dispensed was compared with the number of doses documented 
on patients’ medication administration records. 

Results: In this study, 23 031 actuations (211 inhalers) were dispensed 
for 132 patients. Of these, 81.9% were wasted, at a total cost of 
$6172.82 over the 3 months of the study. For 22 patients (16.7%), at 
least one inhaler was dispensed, yet no doses were administered; for 
16 (12.1%), a duplicate inhaler was dispensed. The carbon footprint of 
the wasted doses was 1 226 342 g carbon dioxide equivalent, equivalent 
to driving 5951 km by car.

Conclusions: This study showed significant inhaler waste in the hospital 
setting, which contributes to the health care–related carbon footprint 
without contributing to patient care. These results raise important 
questions about how to continue providing high-quality patient care 
while minimizing carbon footprint and health care costs.

Keywords: drug waste, multidose medications, inhalers, greenhouse gas 
emissions, climate change

RÉSUMÉ
Contexte : Les inhalateurs contribuent aux impacts environnementaux liés 
aux soins de santé, notamment par les émissions de gaz à effet de serre. Ils 
sont délivrés en formats multidoses, ce qui entraîne du gaspillage, mais on 
ne connaît que peu de choses sur l’impact environnemental du gaspillage 
d’inhalateurs en milieu hospitalier.

Objectifs : L’objectif principal consistait à quantifier le nombre de 
pulvérisations gaspillées dans les services de médecine adulte et 
de pneumologie d’un hôpital communautaire et d’un hôpital tertiaire. 
Les objectifs secondaires consistaient quant à eux à quantifier le coût 
et l’empreinte carbone des doses gaspillées, à déterminer le taux de 
distribution d’inhalateurs en double et à quantifier la prévalence des 
inhalateurs délivrés, mais non utilisés par les patients.

Méthodologie : Pour cette étude rétrospective multicentrique basée sur 
l’examen des dossiers, le service informatique de la pharmacie a produit un 
rapport sur les patients adultes hospitalisés à qui la pharmacie des services 
de pneumologie et de médecine générale d’un hôpital tertiaire de 500 lits 
ou du service de médecine-chirurgie d’un hôpital communautaire de 
48 lits avait délivré au moins un inhalateur au cours de trois mois distincts 
(pendant l’exercice 2021-2022). Le nombre d’inhalateurs délivrés a été 
comparé au nombre de doses documentées dans les fiches d’administration 
des médicaments des patients.

Résultats : Dans cette étude, 211 inhalateurs (23 031 pulvérisations) ont 
été délivrés pour 132 patients. Parmi ce nombre, 81,9 % des pulvérisations 
ont été gaspillées, pour un coût total de 6 172,82 $ sur les trois mois à 
l’étude. Pour 22 patients (16,7 %), au moins un inhalateur a été délivré 
sans qu’aucune dose n’ait été administrée; pour 16 patients (12,1 %), un 
inhalateur a été délivré deux fois. L’empreinte carbone des doses gaspillées 
s’élevait à 1 226 342 grammes d’équivalent dioxyde de carbone, soit 
l’équivalent de 5951 km parcourus en voiture.

Conclusions : Cette étude a mis en évidence un gaspillage important 
d’inhalateurs en milieu hospitalier, qui contribue à l’empreinte carbone des 
soins de santé, sans contribuer aux soins pour les patients. Ces résultats 
soulèvent des questions importantes sur la manière de continuer à offrir 
des soins de haute qualité, tout en réduisant l’empreinte carbone et les 
coûts pour les soins de santé.

Mots-clés : gaspillage de médicaments, médicaments multidoses, 
inhalateurs, émissions de gaz à effet de serre, changement climatique
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INTRODUCTION

Climate change is increasingly affecting human health on a 
global scale.1 Canada is no exception; critical climate events 
such as wildfires, floods, and heat domes lead to increas-
ing rates of respiratory disease, cardiovascular disease, 
and mental health complications.2 These illnesses in turn 
lead to additional strain on an already overburdened sys-
tem through increased health care utilization3 and supply 
chain disruptions.4

In a vicious cycle, the health care system is exacerbating 
the ongoing climate crisis through outsized carbon emis-
sions.2 The Canadian health care system is the third largest 
greenhouse gas (GHG) emitter per capita worldwide, produ-
cing 33 billion tonnes of carbon dioxide equivalent (t CO2 eq) 
annually, which represents just under 5% of national GHG 
emissions.5 A quarter of these emissions are directly related 
to prescription and nonprescription medications,5 which 
makes pharmacy professionals uniquely well positioned to 
promote sustainable health care practices. National organ-
izations such as the Canadian Society of Healthcare-Systems 
Pharmacy (formerly the Canadian Society of Hospital Phar-
macists) and the Canadian Association of Pharmacy for 
the Environment are addressing opportunities for sustain-
able pharmacy practices, and there is increased uptake of  
climate-resilient and low-carbon pharmacy initiatives.6,7

Among the targets of possible interventions, inhalers 
have been singled out for their outsized climate impact. 
On a macro scale, inhalers contribute disproportionately 
to the health care–related carbon footprint. For example, 
one study from the United Kingdom indicated that 3.5% of 
the entire carbon footprint of the National Health Service is 
related exclusively to metered-dose inhalers (MDIs).8 

Three multidose inhaler device categories are currently 
available in Canada: MDIs, dry powder inhalers (DPIs), and 
soft mist inhalers (SMIs). MDIs contain hydrofluoroalkane, 
a potent GHG responsible for delivering the active ingredi-
ent with each actuation. Depending on the type and volume 
of propellant per device, each MDI can have the carbon 
footprint equivalent of a typical Canadian gasoline-powered 
car travelling between 47 and 169 km.9 DPIs and SMIs rely 
on the patient’s inspiratory capacity or a spring-loaded 
mechanism, respectively, to deliver medication to the lungs. 
The absence of GHG propellant in these devices creates a 
substantially smaller carbon footprint (by the equivalent of 
1.4 to 33 km per device).9 However, it is important to con-
sider impacts in other environmental spheres; for example, 
SMIs, DPIs, and, to a lesser extent, MDIs all have impacts 
on marine eutrophication and fossil depletion due to raw 
material procurement and production.10,11

Recommendations for climate-conscious inhaler prac-
tices are increasingly available, including society position 
statements,12,13 clinical practice guidelines,14 and knowledge 
translation tools.15,16 In the outpatient setting, interventions 

focus on confirming the diagnosis, trialling low-carbon 
options where appropriate, emphasizing inhaler technique, 
and promoting safe disposal practices.15,17 

In the hospital setting, inhalers are a necessary and 
irreplaceable part of care, yet inhaler waste and inhaler loss 
are known to contribute disproportionately to climate impact 
without adding to patient care.1 Depending on the local pro-
cess for drug distribution and the capacity for staff to return 
unused medications to inventory, there is potential for unused 
medications to be discarded. Medications that are only par-
tially used, such as multidose products, may be given to 
patients for use at home after discharge or may be discarded 
in waste bins. Published literature on hospital-generated 
pharmaceutical waste in Canada is limited; however, a 353-
bed hospital in Minnesota, United States, reported a total of 
50 106 kg (110 233 lb) of pharmaceutical waste in 2007.18 Once 
collected, pharmaceutical waste must then be safely trans-
ported, sometimes long distances, to licensed incinerators for 
safe destruction, which further adds to the carbon footprint.

A handful of retrospective studies have addressed the 
financial burden of inpatient inhaler waste, but little is 
known about the associated environmental impacts.19-22 To 
our knowledge, our study is the first to quantify the environ-
mental implications of wasted inhaler doses in the inpatient 
setting. A better understanding of the magnitude of waste 
could help inform steps toward the design of targeted inter-
ventions to minimize health care–related environmental 
impacts while preserving high-quality patient care.

METHODS

A retrospective chart review was conducted for 3 months 
during the 2021/22 fiscal year in 3  acute care wards in 
Island Health, a health authority located in British Col-
umbia and serving a population of more than 885 000 
people.23 We included the only adult respiratory ward and 
1 of the 2 general medical wards of a 500-bed tertiary hos-
pital (Royal Jubilee Hospital) because they were most likely 
to have patients admitted for respiratory indications. We 
also included the adult medicine–surgery ward of a 48-bed 
community hospital (Saanich Peninsula Hospital), which is 
the only inpatient acute care ward in this facility.

The pharmacy informatics team generated a list of all 
inhalers dispensed to the specified wards. We did not include 
inhalers dispensed from wardstock due to limitations in the 
available software. Additionally, the community hospital 
site has a lock-and-key non-automated wardstock system, 
which operates only during pharmacy closure hours, mean-
ing it is not possible to generate a wardstock report of which 
inhalers were dispensed to which patients. 

Inpatients were selected for review if they had at least 
1 inhaler dispensed from the hospital pharmacy during 
August 2021, January 2022, or March 2022. These months 
were chosen to capture 3 different seasons with differing 
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degrees of inpatient respiratory admissions, to reduce sea-
sonality bias: specifically, wildfire season with poor air 
quality (August), the typical period of winter respiratory 
illnesses (January), and allergy season (March). 

All inhalers available on the hospital formulary during 
the study periods were included in the data collection. Most 
of the inhalers on formulary at the time of the study are listed 
in Table 1; some additional formulary inhalers were available 
but not dispensed during the study periods. Notably, the sal-
butamol MDI on formulary is the low-volume formulation, 
which emits 48.6 g CO2 eq per actuation.9 Patients meeting 
the study’s inclusion criteria were identified through a report 
generated by pharmacy informatics, and the associated paper 
charts were procured from medical records. 

The Research Ethics & Compliance Office at Island 
Health deemed this project to be a quality improvement 
study, as per Article 2.5 of TCPS 2 (Tri-Council Policy State-
ment, which provides guidance on research with human 
participants),24 and thus exempt from institutional research 
ethics board review. All data were entered and stored in a 
password-protected REDCap (Research Electronic Data 
Capture, version 13.1.25) software tool. Each patient was 
assigned a numeric study identification number, and no 
identifying information such as name, personal health num-
ber, or medical record number was recorded in this software.

The primary objective was to determine the incidence 
of “wasted inhaler doses”, defined as doses that were dis-
pensed from the hospital pharmacy during the 3 months of 
the study but never used. This outcome was calculated by 
subtracting the number of used actuations from the total 
number of actuations available and dividing this result by 
the total number of actuations available during the 3 months 
of the study. “Used actuations” were defined as actuations 
documented, in the paper medication administration rec-
ord (MAR), as having been administered. The “total num-
ber of actuations available” was defined as the number of 
actuations per individual inhaler multiplied by the number 
of inhaler devices dispensed per participant during admis-
sion (e.g., 2 salbutamol inhalers with 200 actuations each 
dispensed to a single patient would correspond to a total of 
400 salbutamol actuations available).

Although it is possible that some inhalers were sent 
home with patients (i.e., at the time of hospital discharge), 
Island Health does not currently have a policy in place to 
send patients home with multidose medication products 
dispensed in hospital; this practice is neither codified nor 
encouraged. Thus, any doses remaining in the inhaler at the 
time of discharge were considered wasted for the purposes 
of this study. 

At the time of this study, every inhaler dispensed from 
the pharmacy, for distribution to both sites, was placed inside 
a plastic bag with a tamper seal set across the opening. These 
bags do not fit in the patient-specific medication drawers; 
therefore, the seal is immediately broken on arrival to the 

ward. Island Health does not reprocess or recirculate inhal-
ers with broken tamper seals, which means that the number 
of inhalers with intact tamper seals that could be returned to 
inventory was negligible. There is also no predefined process 
for returning unused inhalers for recirculation. As a result, 
if no actuations were documented on a patient’s MAR, all 
doses were deemed to have been wasted.

The study had 4 secondary objectives: 

•	 To quantify the cost of wasted inhaler doses, calculated 
on the basis of community pricing,25 because contract 
pricing is confidential. 

•	 To quantify the environmental impact of wasted inhaler 
doses, calculated by multiplying the number of wasted 
doses by the carbon footprint per dose, expressed in 
grams of carbon dioxide equivalents (g CO2 eq) and 
converted to equivalent kilometers driven in a standard 
gasoline-powered Canadian vehicle.3 

•	 To quantify the rate of dispensing duplicate inhalers, 
defined as dispensing of an identical inhaler within a 
timeframe in which the original inhaler would not be 
expected to be empty.

•	 To quantify the number of completely wasted inhalers, 
defined as inhalers dispensed with no corresponding 
doses documented in the MAR.

One author (A.B.) performed data extraction from the 
paper charts. Data were captured from the patients’ MARs 
and chart notes, as well as best possible medication histor-
ies on admission (if available). Any discrepancies or ambi-
guities in the data were discussed between 2 authors (A.B., 
C.L.C.), agreed upon, and resolved. The data were analyzed 
using descriptive statistics.

RESULTS

During the 3 months of the study, 140 eligible patients 
had at least 1 inhaler dispensed from the hospital phar-
macy. Following requests for paper charts, 8 patients were 
excluded from the study: 5 patient charts were stored off 
site and were not accessible in the available timeframe; 2 
patients remained in hospital at the time of data collection, 
with paper charts unavailable through medical records; and 
1 patient did not have dispensing of an inhaler documented 
on their MAR for the duration of their admission. Patient 
demographic characteristics and information about inhal-
ers dispensed were recorded for all 132 patients (Table 1).

A total of 211 inhalers (totalling 23 031 actuations) were 
dispensed for the 132 patients. In total, 81.9% of all inhaler 
actuations dispensed were wasted. Depending on device 
type, up to 97.0% (range 40.0%–97.0%) of actuations per 
inhaler remained unused. These doses were wasted without 
contributing to patient care (Table 2).

Our study showed that the wasted inhaler doses gen-
erated 1 226 342 g CO2 eq, equivalent to driving 5951 km 
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environmental and financial waste. The magnitude of 
inhaler waste calculated here is similar to that reported 
previously—for example, 96.3% of dispensed salbutamol 
actuations wasted at our institutions, compared with 95% 
quoted in the existing literature21—which implies that 
unused multidose medication waste of this magnitude is 
prevalent across inpatient settings.  

This paper adds to the existing body of literature on 
inhaler waste19-22 by detailing the magnitude of environ-
mental impacts from unused doses for a total of 3 months 
within a single organization, the carbon footprint of which 
was equivalent to a driving 5951 km or slightly greater than 
the driving distance across the country, from coast to coast. 
If our results were extrapolated to all wards at both sites for 
the 2021/22 fiscal year (207 833 patient bed-days), the total 
cost of wasted doses would be $137 829.36, with GHG emis-
sions of 27.4 t CO2 eq (equivalent to 132 921 km driven by a 
typical Canadian gas-powered car). 

We also found that 12.1% of inhalers were dispensed in 
duplicate, meaning that 1 in 8 inhalers represented second 
units dispensed to the same patient before their first inhaler 
was finished, which suggests that inhaler loss or misplace-
ment is contributing to the carbon footprint. A further 
16.7% of inhalers dispensed had no corresponding doses 
documented in the patients’ MARs, meaning that 1  in 
6 inhalers dispensed from pharmacy were disposed of in 
their entirety without contributing to patient care. 

With regard to the carbon footprint, we found that 
MDIs represented 47.8% of inhalers dispensed in this study, 
yet they contributed 96.3% of the carbon footprint of wasted 
doses. This is likely due to their substantially greater carbon 
footprint and the greater number of actuations per device 
relative to other device types.

This study also highlights the impact of multidose 
medication product waste at the time of discharge. We 
found that the median length of stay was 10 days, which 
is in line with the Canadian average hospitalization of 
7.2 days.26 Yet an inhaler can contain up to 3 months’ worth 
of actuations, meaning the majority of doses not used in 
hospital will be wasted because they cannot be reused for 
a different patient. At our centre, and many others across 
the country, there is currently no clear guidance on how to 
safely discharge patients home with their remaining multi-
dose medication products due to concerns about outpatient 
labelling best practices and inhaler auto-substitutions in 
hospital, among others. These issues raise important ques-
tions about medication waste, affordability, and health 
equity, given the rising cost of prescription inhalers. 

This study further highlights that inhaler waste and 
inhaler loss contribute disproportionately to the carbon 
footprint of hospital care and increasing health care costs, 
without contributing meaningfully to patient care. Devis-
ing strategies that target inhaler waste and inhaler loss is 
increasingly gaining traction nationally as a way to promote 

TABLE 1. Characteristics of Patients and Inhalers Dispensed

Characteristic No. (%) of Patientsa

No. of patients 132

Patient age (years) (mean ± SD) 72 ± 14.6

Length of stay (days) (median and IQR) 10  (5–23)

Primary reason for admission
Respiratory 	 70	 (53.0)
Nonrespiratory 	 62	 (47.0)

Previously used an inhaler as per provider 
documentation

Yes 	 54	 (40.9)
No 	 11	 (8.3)
No documentation 	 67	 (50.8)

Inhaler type dispensed in hospital 
Metered-dose inhaler

Salbutamol 	 43	 (32.6)
Ipratropium 	 17	 (12.9)
Fluticasone 	 15	 (11.4)
Fluticasone–salmeterol 	 13	 (9.8)
Beclomethasone 	 1	 (0.8)

Dry powder inhaler
Budesonide–formoterol 	 27	 (20.5)
Salmeterol 	 11	 (8.3)
Tiotropium 	 10	 (7.6)
Fluticasone–salmeterol 	 7	 (5.3)
Budesonide 	 6	 (4.5)

Soft mist inhaler
Tiotropium 	 47	 (35.6)

No. of inhalers dispensed 211
Inhaler type dispensed in hospital (no. and 
% of inhalers)

Metered-dose inhaler 	 101	 (47.9)
Dry powder inhaler 	 61	 (28.9)
Soft mist inhaler 	 49	 (23.2)

IQR = interquartile range, SD = standard deviation. 
aExcept where indicated otherwise.

in a typical Canadian gas-powered car,9 a distance greater 
than the drive from Victoria, British Columbia, to Halifax, 
Nova Scotia (Figure 1). This waste corresponded to a cost of 
$6172.82 over the 3 months of the study for the 3 adult wards.

We found that 16 patients (12.1%) had a duplicate 
inhaler dispensed, meaning an identical inhaler was dis-
pensed from the pharmacy department within a timeframe 
where the original inhaler was not expected to be empty. 
Another 22 patients (16.7%) had at least 1 inhaler dispensed 
yet no doses documented on their MAR, meaning the inhal-
ers were disposed of without contributing to patient care. 

DISCUSSION

This multicentre retrospective chart review of 3 inpatient 
wards over 3 nonconsecutive months identified substantial 
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sustainable health care practices and improve patient out-
comes.16 Some alternatives include using inhalers with fewer 
actuations per device, using MDIs with lower propellant 
volumes or lower carbon intensity propellants, considering 
nebules where clinically appropriate, encouraging the use 
of spacer devices to maximize medication delivery to the 
lung, and encouraging proper technique to maximize effect-
iveness and minimize waste. Other strategic approaches 
include supporting the safe reprocessing of used and unused 
inhalers (e.g., through “common cannister protocols”)27-30 
and the development of policies and procedures that sup-
port discharging patients home with partially used multi-
dose medication where appropriate. Such solutions need not 
be complicated; simply moving the location of the tamper 
seal at our institution has the potential to increase the pool 
of inhalers that can be returned to circulation.

Our study had several limitations. Only inhalers dis-
pensed directly from the pharmacy were included in the 

analysis; no wardstock medications were captured. At our 
centres, both salbutamol and ipratropium MDIs are ward-
stock medications available in all 3 wards included in this 
study. Due to the frequent use of these devices, it is antici-
pated that a large number of inhalers (and therefore a large 
amount of waste) were not captured, which likely led to 
underestimation of the true financial and environmental 
burden. Conversely, our study might also have had a risk of 
overestimation of waste, because we assumed that any doses 
not administered were wasted. For instance, it is possible 
that unused inhalers with intact tamper seals were returned 
to pharmacy for reprocessing and were redispensed for 
other patients, although the current inhaler management 
processes at our centre (as outlined in the Methods section) 
make this unlikely. It is also possible that some partially 
used inhalers were sent home with patients when they were 
discharged. However, our health authority has no proced-
ures supporting these practices, so we assumed that this 

TABLE 2. Wasted Actuations and Equivalent Greenhouse Gas Emissions over 3 Months

Greenhouse Gas Emissions

Inhaler No. (%) of Actuations Wasteda CO2 eq (g) Distance by car (km)

Metered-dose inhaler
Salbutamol 	 8 471	 (96.3) 411 691 1998
Fluticasone 	 1 823	 (84.4) 288 034 1398
Fluticasone–salmeterol 	 1 445	 (80.3) 234 090 1136
Ipratropium 	 3 124	 (82.2) 228 052 1107
Beclomethasone 	 194	 (97.0) 19 740 96

Dry powder inhaler
Budesonide 	 1 182	 (65.7) 16 548 80
Budesonide–formoterol 	 1 087	 (56.6) 7 250 35
Salmeterol 	 514	 (77.9) 6 168 30
Fluticasone–salmeterol 	 262	 (59.0) 4 913 24
Tiotropium 	 30	 (40.0) 282 1

Soft mist inhaler
Tiotropium 	 741	 (54.0) 9 574 46

Total 	 18 873	 (81.9) 1 226 342 5951

CO2 eq = carbon dioxide equivalent.
aPercentage calculated for each drug, in relation to number of actuations for that drug.

FIGURE 1. Visual representation of 5951 km. Map data © 2025 Google, INEGI.
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did not occur and might thus have somewhat overesti-
mated the amount of waste. We also did not consider the 
cost of pharmaceutical waste disposal or the environmental 
impact of transporting waste to a licensed incinerator, both 
of which would further augment our estimates of cost and 
carbon footprint. In some instances, the inhaler is left at the 
patient’s bedside, and documentation of self-administered 
doses may be unreliable.

To our knowledge, this is the first study assessing 
the environmental impact of wasted inhaler doses in the 
inpatient setting. It raises important questions about phar-
maceutical waste, its environmental and financial impacts 
within the health authority, and differing inter-patient 
health equity. Given that more than 1 in 5 adults in Can-
ada31 do not have insurance to cover the cost of outpatient 
medications, the health care system should seek to use 
opportunities to reduce waste and improve access to pre-
scribed medications that have already been dispensed for 
an individual patient and would otherwise be wasted.

CONCLUSION

This retrospective chart review illustrated that wasted 
actuations, duplicate dispensing, and inhaler loss con-
tribute disproportionately to rising health care costs and 
greenhouse gas emissions without benefiting patients. It 
raises important questions about pharmaceutical waste 
and health care sustainability, and offers insights into how 
minimizing waste can promote environmental stewardship 
while maintaining high-quality patient care.
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