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Healthcare and Climate Change

Healthcare is responsible for ~5% of worldwide CO2 emissions



https://noharm-global.org/sites/default/files/documents-files/5961/HealthCaresClimateFootprint_092319.pdf 
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Surgery and Climate Change

ORs: 3-6x more 
energy intense 

than hospital as a 
whole

Direct emissions 
(scope 1) low 

when desflurane 
not used

Majority of 
emissions: scope 2 
(energy ï HVAC, 

lighting, etc.)

And scope 3 
(supply chain, 

waste)

MacNeill, Lillywhite and Brown (Lancet 2017)



Surgery and Climate Change

Carbon footprint of a typical hospitalôs ORs for one year

=

energy use for ~ 1 THOUSAND 



Average 

carbon 

footprint

Total 
Knee: 

85.5 kg 
CO2e

Tonsils: 
7.5 kg 
CO2e

Driving ~ 450 km

(Toronto to 

Ottawa)

Rizan et al. The carbon footprint of products used in five common surgical operations: identifying contributing products and processes. 2023

=



>
Waste from 1 surgery Waste from family of 4/week
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Increasing the Environmental Sustainability of Canadian Operating Rooms: An 

Evidence Informed Guideline



Canadian Guideline

ÁTriple Bottom Line

ÁProfit: Cost-benefit, financial return

ÁPeople: Clinical evidence, clinician preferences 

ÁPlanet: Environmental impact 

ÁGrading table

Á Input from national stakeholders 

Recommendation Triple bottom line: Hierarchy of Evidence 

Planet Profit People

1. Reduce

1. Reduce energy use by turning off lights and equipment at the end of the day, 

using HVAC setback systems and/or occupancy sensors

ᵔᵔ ᵔᵔ ᵔᵔ

1. Reduce unnecessary waste by ensuring appropriate waste segregation ᵔᵔ ᵔᵔ ᵔᵔ







Reduce 

ÁEnergy use

ÁHVAC setbacks

ÁHeating, AC, air exchanges

ÁTurn off lights and equipment



Reduce 

ÁReduce unnecessary 

waste

ÁEnsure proper waste 

segregation



Reduce 

ÁReduce pharmaceutical 

waste

ÁUse prefilled syringes

ÁRefrigerate unused drugs

ÁPrioritize use of drugs 

nearing expiry



Reduce 

ÁRedundant items on 

surgical trays

ÁRedundant items in 

surgical packs



Reduce 

ÁUse of blue wrap

ÁUse hard 

containers

ÁUse reusable linen 

wrap



Reduce 

ÁGreenhouse gas 

emissions

ÁDONôT use desflurane

ÁReduce nitrous and 

central piping for NO

ÁMinimize fresh gas flows 

(<1L/min)



Reuse

ÁMedical devices

ÁE.g. LMAs, trocars

ÁTextiles (e.g. gowns)

ÁSharps containers



Audience Poll #1

Raise your hand if you use reusable gowns in 
your OR?



Reuse

ÁCollect single use 

medical devices for 

remanufacturing and 

reuse if possible

ÁLaparoscopic devices, 

vessel sealing, pulse-ox 

sensors, ECG leads, etc.



Recycle

ÁAssess downstream 

processes, hauler 

regulations before 

implementing program

ÁSpecialized recycling

ÁPVC, batteries, copper, blue 

wrap 



Audience Poll #2

Raise your hand if you know (for sure) what happens 
to the ñrecyclingò once it is removed from the OR (or 

clinic) at your hospital?



Rethink

ÁDisposal of unused 

supplies, older machines 

and devices

ÁProcurement (EPP policy)

ÁConsider alcohol hand 

scrub

ÁConsider non-inhalational 

anaesthesia techniques



What can you do?

1. Change your practice

Å Lean your trays, incorporate reusables, stop using 
blue pads, reduce your use of glovesé

2. Change the system

Å Embed sustainability in all of your QI work

3. Spread the word

Å Talk to your teams and trainees, join a Green 
Team



Implementation Resources 

ÁChoosing Wisely and Climate Action

ÁON-SQIN ñCut the Carbonò campaign

ÁCASCADES Canada

ÁSustainable Perioperative Care Playbook

ÁPractice Greenhealth

ÁCanadian Coalition for Green Healthcare



IMPROVING ENVIRONMENTAL 
SUSTAINABILITY BY DECREASING 
ANESTHETIC EMISSIONS IN 
PEDIATRIC SURGERY Д A QUALITY 
IMPROVEMENT STUDY

The Hospital for Sick Children



DISCLOSURES

None



INTRODUCTION



ÅClimate change is a global health crisis.

ÅInhalational anesthetics account for 5% of the operating 
room carbon footprint, especially so in pediatrics due to 
inhalational inductions and nitrous oxide use.

ÅReducing gas flows at induction and maintenance is a safe 
and effective way to reduce anesthetic consumption, and 
consequently, emissions.

BACKGROUND



COMMON ANESTHETIC AGENTS AND GWP

Anesthetic agent 100-year global 
warming potential (per 
kg, in comparison with 
CO2 where CO 2 = 1)

Atmospheric 
lifetime (years)

Desflurane 2,540 14

Isoflurane 510 3.2

Sevoflurane 130 1.1

Nitrous oxide 298 114

Propofol 21 N/A



METHODS



OUR TOP GOALS

Decrease overall inhalational 
anesthetic consumption and 
emissions by 30% at the end of 
6 months

Decrease 
overall
emissions 

Weight-based Induction gas 
flows rather than default high 
flows

Decrease 
Induction 
Gas Flows

Aiming for 0.5 L/min

Decrease 
Maintenance 
Gas Flows



ÅGroup consisting of:  pediatric anesthesiologists, a clinician 
informaticist, anesthesia analysts

ÅEstablished definitions for pediatric anesthesia sustainability 
metrics for greenhouse emissions 

CONSENSUS BASED METRIC DEVELOPMENT



Å24 metrics established to assess various aspects of pediatric 
perioperative care over 4 months
Å4 clinical phases:

o Induction (induction т anesthesia ready)
o Post-intubation (intubation/SGA placement т procedure start)
o Maintenance (procedure start т procedure end)
o Pre-emergence (procedure end т extubation)

o When certain procedures not available т eg. No intubation/SGA, then 
"Post-intubation" phase will be Anesthesia Ready т Procedure Start

SUSTAINABILITY METRICS



Top Ten Core Metrics in Pediatric Anesthesia

SUSTAINABILITY METRICS

Metric Definition Function Required

TIVA cases Number of Total intravenous anesthesia 

Cases

Number of cases with no volatile agent used and IV anesthetic 

agent administered

Fresh Gas 

Flow rate 

during 

Induction

Average FGF Rate during induction Mean FGF from flowsheet data between Anesthesia Start and 

Intubation(L/min)

Fresh Gas 

Flow rate 

during 

Maintenance

Average FGF Rate during maintenance Mean FGF from flowsheet data between Intubation and 

Extubation, (L/min)

N2O Volume 

(Gas)

Total Nitrous Oxide Volume Sum N O volume recorded in flowsheet over the case duration

N2O 

Minutes

Total Nitrous Oxide Minutes Count minutes where N O is documented as flowing > 0

Sevoflurane 

volume 

(Gas)

Total Sevoflurane Volume Sum Sevoflurane volume recorded in flowsheet over the case 

duration



Top Ten Core Metrics in Pediatric Anesthesia

SUSTAINABILITY METRICS

Metric Definition Function Required

Sevoflurane 

bottle

Total Number of 250 mL Sevoflurane 

bottles used

Divide total liquid volume used by 250 mL

Combined 

Estimated 

Miles Driven

The estimated environmental impact of 

each inhalational anesthetic expressed as 

the equivalent number of miles driven. 

Miles driven is based on the equivalent 

CO2 emissions per mile driven by the 

weighted average combined fuel economy 

of 2-axle 4 tire passenger vehicles.

Convert CO  emissions from anesthetic use to miles using 

factor: 0.39 kg CO  per mile

N2O Estimated 

Miles Driven

Nitrous Oxide CO2 equivalent number of 

miles driven

Convert N O-related emissions to miles using known global 

warming potential and conversion factor

Sevoflurane 

Estimated 

Miles Driven

Sevoflurane CO2 equivalent number of 

miles driven

Convert Sevoflurane related emissions to miles using known 

global warming potential and conversion factor



CO- DESIGN WORKFLOW FOR CLINICAL DASHBOARDS

Analyst Builds 

Initial Filters

ñProject team develops 

and modifies filters 

using available Epic 

Resourcesò

Clinician Identify 

Needs

ñNeed to monitor 

inhalational anesthetic 

usage in real time 

across the departmentò

Clinician Provides 

Feedback

ñClinical Team test the 

filter and provide 

feedback, e.g. Can we 

breakdown the 

timepoint?ò

Analyst Refines 

Tool

ñFilters are updated, 

visuals adjusted, and 

layout improved for 

clarity and usabilityò



ÅFrom January 2024:

oFresh gas flow rates

oNitrous oxide use

oSevoflurane consumption

oBaseline emissions

?ĲƣĲƖůŔŰŔŰŊШŸƨƖШĤċƚĲũŔŰĲШŔŰƚƣŔƣƨƣŔŸŰċũШШĦċƖĤŸŰШŉŸŸƣƓƖŔŰƣв

BASELINE DATA COLLECTION



INTERVENTIONS



EDUCATION ROLLOUT



VISUAL AID



OUR PRACTICE ADVISORY



AUTOMATED INDUCTION FLOWS

ÅDefault Fresh Gas Flows adjusted to age setting:
ÅNeonate т 2L
ÅPediatric т 3L
ÅAdult т 5L



RESULTS



AVERAGE FRESH GAS FLOWS AT INDUCTION

Default FGF change

Visual aid/OPA



FRESH GAS FLOWS ɀ MAINTENANCE 
(EXCLUDING SEVO INDUCTION/TIVA MAINTENANCE)

Introduction of visual aid and Epic BPA

Visual aid/OPA



MAINTENANCE FLOWS

Å1.2L/min average across all weight categories for inhalational 
anesthetics



SEVOFLURANE CONSUMPTION

135 bottles

80 bottles

135 bottles



COMBINED EMISSIONS - KM DRIVEN

36,686 Km

25 683 Km

38 445 Km



NUMBER OF CASES

14000 kgCo2e

10000 kgCo2e

~2000 cases ~2000 cases

2093cases

14021 kgCO2e

2061cases

9367 kg CO2e



TIVA



DISCUSSION

ÅEducational efforts, use of visual aid and Our Practice Advisory, 
and provider feedback have been successful in decreasing our 
overall emissions; automated process of changing default fresh 
gas flows resulted in large impact

ÅPer case, approx. 20% decrease in overall emissions and 
consumption, relative decrease of 30-40% from January 2024 



NEXT STEPS

ÅData indicates that nitrous oxide use can be improved as our next 
target

ÅMaintenance flows can also be further lowered to reach target

ÅContinue to encourage trends in increased TIVA use

ÅSome rebound seen - continued efforts and interventions are 
necessary to sustain and further improve our carbon footprint



ÅThank you!
ÅAcknowledgements:  Clyde Matava, Ashley Wu, Karna Patel



Q&A



CHOOSING 
GREEN
Conversation Aids for Integrating 

Environmental Awareness into Inhaler 

Prescriptions

Stacey J Butler

Post Doctoral Fellow
Division of Respirology
St. Michaelôs Hospital
Unity Health Toronto



Metered-dose inhalers (MDIs)

Use propellants that contain harmful greenhouse gases (GHGs)

Production, use & disposal of a single inhaler (e.g. salbutamol) has an 
equivalent carbon footprint as driving 137 km in a gas-powered vehicle 

MDIs are the most commonly prescribed inhaler 
device (64%) in Canada and account for 98% of 
inhaler emissions1 

1Setayeshgar et al (2025) BMJ Open Resp Res 



LOW CARBON DEVICES

ÅDry powder and soft mist inhalers
Ḭ Do not use propellants

Ḭ Carbon footprint ~ 10x lower than MDIs1

Ḭ Equivalent effectiveness, available in the same drug 

class & often same molecule

ÅSome MDIs available with ómoderateô carbon 

footprints

Opportunity to 

Intervene

LARGE IMPACT

Å5.8 million Canadians with asthma/COPD

ÅSwitching 25% of asthma and COPD 

patients from MDIs to DPIs (within the 

same drug class) would save 170,600 

tonnes of CO2e annually 
Ḭ Equivalent to taking 55,200 cars off the road2

1Janson et al (2020) Thorax
2Gagné et al (2023) BMJ Open Resp Res



Expert Recommendation

Donôt prescribe greenhouse-gas intensive MDIs 

for asthma/COPD when an alternative inhaler 

device with a lower carbon footprint is available 

and the patient has demonstrated adequate 

technique and their preference has been 

considered.

Gupta et al (2024) CJRCCSM
Choosing Wisely Canada - Respiratory Medicine Recommendations



A patient-centered approach

Shared decision-making 

ÅEquip patients and providers with 

information to make an informed decision1

Information alone is insufficient

ÅNeed for tools that can be used at the point-

of-care to facilitate meaningful 

conversations2

Our solution: Create inhaler conversation aids to promote shared decision-making 

and climate conscious prescribing 
1Stiggelbout et al (2012) BMJ 

2Hargraves et al (2016) Health Affairs 



Committee of experts in asthma, COPD, 

patient education, quality improvement, 

implementation science & sustainability
Ḭ Pediatric & adult respirologists (n=5)

Ḭ Family physicians (n=4)

Ḭ Pharmacists (n=3)

Ḭ Respiratory therapist (n=1)

Ḭ Certified respiratory educator (n=1)

Ḭ Person with lived experience (n=1)

Consensus on format, design, & content 

prior to systematic testing among target 

users

Prototype Development



Tool testing and 
evaluation

Incremental 
analysis

Tool 
modification

Refined tool

Prototype 
development

Final tool

No new 
critical 

changes

Rapid Cycle Development Process

Expert 
input

Patient focus group & 
family physician interview



Asthma (n=10), COPD (n=9), Asthma/COPD (n=6)

Participants

Women (n=3), Men (n=2), All age Ò 50

ON (n=20), BC (n=2) SK (n=1), QC (n=1) NS (n=1)

Previously aware of inhaler climate impact (n=3) 

Women (n=11), Men (n=14), 80% age Ó 61 yrs

Range in education & household income ON (n=2), BC (n=1) SK (n=1), NL (n=1)

Inner city (n=3), urban/suburban (n=2), 
isolated/remote (n=1)

Patients (n=25)

4-6 patients per focus group

Family Physicians 
(n=5)

1:1 interviews

See on average 20-30 asthma/COPD 
patients per month

Years of practice: 6-10 yrs (n=3), 11-15 yrs (n=2)



Inhaler Conversation Aids

COPD Relievers

Asthma Relievers

RELIEVERS CONTROLLERS

Pediatric

Adult

as-needed inhalers for symptom relief daily inhalers for disease control







ACCESSIBILITY

ÅColour blindness

ÅWeb & print version

Important 

Attributes

EFFICIENCY

ÅNeed for quick, easy to reference tool

ÅAccessible to patients outside of visit

COST & INSURANCE COVERAGE INFO

ADDITIONAL EDUCATION

ÅImportant to patients & providers

ÅBalancing personal & financial health

ÅTo understand variability in carbon footprint

ÅPatients need physician input



PUBLIC DISSEMINATION
*partnered with organizations early in the development 

process for endorsement 

Implementation Efforts
Engaging end-users in the development of 

the tool was critical to inform 

implementation & understand the 

treatment decision-making process

PRIMARY CARE & PHARMACIES
*integrated into our existing asthma computerized decision 

support system (easthma.ca) 

ÅPatient-facing organizations & professional 

societies
ÅCanadian Thoracic Society, Canadian Society for 

Respiratory Therapists

ÅAsthma Canada, COPD Canada, national & provincial 

lung associations

ÅBuilding public webpage to host tool

ÅPiloted as a QI project at St. Michaelôs family 

health team (FHT) clinics

ÅOngoing trial in 3 community pharmacies

ÅLaunching trial at 2 FHT sites in 2026

https://easthma.ca/


THANK YOU
Development & Testing Team:

Alex Balaci, Tony Ning & Terry Li

Supervisor: 

Samir Gupta

Expert Committee: 

Sze Man Tse, Geneviève Digby, Ivy Lam, Jill Hubick, 

Erika Penz, Alexander Singer, Alan Kaplan, 

Andrew OôKeefe, Sakina Walji, Samantha Green, 

Celia Culley, Valeria Stoynova & Andrew Kouri

Lab Members:

Venuzshaa Selvanayagam, Vincent Hung, Zoe 

Garzouzi, Stephanie Segovia, Tal Cohen, Sinry 

Dong

Funded by: 

Choosing Wisely Canada & 

University of Toronto Department of Medicine

stacey.butler@unityhealth.t
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