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SUMMARY

Reducing the carbon footprint of anesthetic agents inhaled in the operating room
during general anesthesia: strategies and challenges to consider

Introduction

In recent years, the use of certain anesthetic agents inhaled in the operating room during
general anesthesia, particularly desflurane and nitrous oxide, has come under increasing
criticism for their high carbon footprint.

Following a request from the Association des anesthésiologistes du Québec, the
Direction des affaires pharmaceutiques et du médicament of the Ministére de la Santé et
des Services sociaux (MSSS) commissioned the Institut national d'excellence en santé et
en services sociaux (INESSS) to formulate recommendations on clinical practices to
reduce the carbon footprint of inhaled anesthetic agents in the operating room, without
compromising the delivery and safety of care. The mandate also included anticipating the
issues associated with these changes, and the mitigating actions to be planned where
appropriate. This clinically relevant work is consistent with the Greening Operating Room
Practices of the MSSS 2023-2028 Sustainable Development Action Plan.

Methodology

The evaluation questions for this work were formulated to meet the objectives of the
mandate, covering the socio-cultural, clinical, organizational, and economic dimensions
of the INESSS Statement of Principles and Ethical Foundations as well as the
pharmacological and environmental considerations inherent in the decision-making
questions. In collaboration with a scientific information consultant (librarian), a systematic
search of the scientific literature was conducted in the MEDLINE, Embase and EBM
Reviews (Cochrane Database of Systematic Reviews) databases. A manual search of
grey literature was also conducted, consulting, among others, the websites of learned
societies specializing in the field, as well as regulatory, health, or health technology
evaluation agencies. The references of the selected publications were also consulted to
identify other relevant documents, including systematic reviews in support of the
recommendations published in the selected clinical practice guides, guidelines, or
position statements. For rapid reviews, document selection and evaluation of
methodological quality or scientific credibility were conducted independently by two
scientific professionals. The extraction, analysis, and synthesis of the information
gathered to respond to certain aspects of the clinical, sociocultural, and economic
dimensions were conducted by one professional, then validated by a second. Product
monographs for inhaled anesthetic agents commercially available in Canada were
consulted, as was Health Canada's MedEffect registry. The websites of federal, territorial,
and provincial governments, groupings, communities of practice, or learned societies
specializing in the field, and of Quebec associations, federations, and professional orders
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involved in this work were also consulted. Quebec data on the acquisition and
consumption of anesthetic agent cylinders were obtained from clinical-administrative
databases and from collaborators in charge of procurement in healthcare institutions and
at the government level. Efficiency and budget impact analyses were conducted on the
basis of scientific and contextual data.

Stakeholder perspectives were gathered through an Advisory Committee made up of
healthcare professionals with various specialties and expertise in anesthesiology,
practicing in facilities located in metropolitan or urban areas and offering several types of
surgical services, for both adults and children. Ad hoc consultations with head
pharmacists, directors, and professionals from the facilities' quality, evaluation,
performance and ethics departments, biomedical engineers, and finally directors of the
Government Procurement Centre also enabled us to gather various data relating to
volume, inventory management, anesthetic equipment and the specifics of current
contracts, as well as organizational issues specific to their work environment.

Deliberations on the recommendations, based on an overall assessment of the evidence
regarding the four dimensions relevant to the work, were conducted with the members of
the Standing Deliberative Committee - Healthcare Intervention Methods. Finally, the
overall quality of the work, its acceptability, and applicability were assessed by external
readers specialized or involved in the field of interest.

Main Findings

Anesthetic Gases: A Target for Reducing the Carbon Footprint of General
Anesthesia

¢ In Quebec, the healthcare sector generates 3.6 % of greenhouse gas (GHG)
emissions. Anesthetic gases, including halogenated agents (desflurane,
isoflurane, sevoflurane), nitrous oxide and metered-dose inhalers, account for 3 %
of the healthcare sector, or 0.1 % of Quebec's GHGs.

¢ Inhaled anesthetic agents all have a carbon footprint, albeit of various sizes.
According to current scientific data:

- the carbon footprint of desflurane anesthesia is around 40 times greater than
that of sevoflurane;

- the carbon footprint of isoflurane anesthesia is around 1.8 times greater than
that of sevoflurane.

e The use of desflurane, even in the minority, can result in a higher carbon footprint
than that of sevoflurane and isoflurane combined.

- In Quebec, between 2019 and 2023, the majority of the CO- equivalent
generated each year by halogenated agents was attributable to desflurane,
even though its use rate was low.



Active

- In 2023, although the number of general anaesthetic hours associated with
desflurane represented only 3 % of the total number of anaesthetic hours
associated with halogenated agents, it generated 51 % of the tonnes of
equivalent CO. associated with these agents.

Isoflurane is rarely used in operating theatres in Quebec healthcare institutions. In
fact, the proportion of anesthesia hours associated with this agent has remained
stable over the past 5 years (around 2 % annually). On the other hand, isoflurane
remains the preferred agent for general anesthesia of animals used in research
activities conducted in university hospital animal facilities.

In addition to generating GHGs, nitrous oxide, used as a carrier gas, and
isoflurane also contribute to the depletion of the ozone layer.

The atmospheric lifetime of halogenated gases is 14.1 years for desflurane, 3.5
years for isoflurane, and 1.9 years for sevoflurane. The atmospheric lifetime of
nitrous oxide is 109 years.

The chemical processes involved in synthesizing the various agents are not
included in the carbon footprint calculations. Similarly, little is known about the
environmental impact of the waste generated by their manufacture, or the
disposal of residual or out-of-date products.

Anesthesiologists Face the Challenge of Global Warming

Expert consensus and clinical practice guidelines in anesthesiology, in Canada
and around the world, incorporate guidelines for environmental sustainability.

With the aim of reducing the carbon footprint of anesthesia, these documents and
positions advocate reducing the carbon footprint of anesthetic gases, notably by
withdrawing desflurane and reducing the use of nitrous oxide.

Many Quebec institutions, supported by committed Anesthesiologists, have taken
steps to reduce or eliminate the use of desflurane and nitrous oxide for general
inhalation anesthesia.

The move to reduce the use of desflurane is already underway in all regions of
Quebec and has been for at least 5 years. Of the pharmacies that shared their
data, 27 % supplied no desflurane bottles to the operating room in 2023.

Increasing Legislation to Regulate the Withdrawal of Desflurane

Since 2023, Scotland has withdrawn desflurane from its public hospitals.

In April 2024, England's National Health Service (NHS) withdrew desflurane from
its hospitals, with the exception of those performing long-duration neurosurgeries
(e.g., long cranial neurosurgical procedures lasting more than 10 hours and
requiring the patient to be awake immediately after surgery), for which exceptional
clinical reasons could be cited to justify the use of this agent.



As of 2026, the European Union will ban the use of desflurane unless, for
exceptional medical reasons, no other anesthetic can be used.

No position supporting the withdrawal of isoflurane or sevoflurane was identified
during the course of this work.

Clinical Advantage of Desflurane over Sevoflurane: Inconclusive Scientific Data

According to the information available, the safety profile of various halogenated
agents is similar. However, desflurane is contraindicated for use with a mask
during the induction phase, due to its pungency.

According to the scientific literature consulted and various consultations with
Anesthesiologists and Respiratory Therapists practicing in Quebec:

- the use of desflurane results in a one- to two-minute faster awakening than
sevoflurane, particularly in obese patients, but this difference is not clinically
significant and has no organizational impact;

- there does not appear to be any situation or medical condition for which
desflurane cannot be replaced by another halogenated agent or another
method of anesthesia. A recent report, however, based on opinions
expressed by UK Neuroanesthesia experts, mentions that certain long
cranial neurosurgery procedures may constitute grounds for clinical
exceptions.

- some specific clinical exceptions that might justify the use of desflurane,
notably for people undergoing lengthy cranial neurosurgery procedures.

Eliminating Desflurane: A Cost-Effective Initiative

According to the documents reviewed and the consultations held, the provision
and organization of care would not be significantly affected by the withdrawal of
desflurane.

Economic analysis based on Quebec data shows that the use of desflurane is
inefficient compared with isoflurane and sevoflurane, since it generates additional
acquisition costs and higher social costs associated with the carbon footprint.

Gradual replacement of desflurane by sevoflurane could result in savings of
$204,400 over 3 years, the magnitude of the expected savings being influenced
by the speed of desflurane elimination.

However, depending on the organizational arrangements in place (contracts for
the rental of evaporators and the purchase of agents), losses and/or penalties
could reduce the expected savings.



Nitrous Oxide: Facilities and Practices to be Optimized

Initiatives have already been undertaken by the Anesthesiology Departments of
several Quebec hospitals to reduce the use of nitrous oxide. According to the
consultations held, the use of nitrous oxide as a carrier gas has been largely
abandoned. However, access to this gas is maintained for caesarean sections
requiring general anaesthesia in emergency or special situations.

According to the consultations held and as observed in several jurisdictions
around the world, N2O leaks from centralized systems have been observed in
some Quebec hospitals. For example, in Scotland, the National Health Service in
Lothian, which includes 21 hospitals, reported that around 80 % of nitrous oxide
distributed through pipelines does not reach patients because of leaks, gas expiry
dates, or theft for recreational use.

The data obtained did not provide a picture of nitrous oxide consumption as a
carrier gas in the operating theatre. Nevertheless, according to the consultations
held, several Quebec institutions have stopped using the centralized nitrous oxide
distribution system and replaced it with portable type E cylinders, without this
having significantly affected the delivery and organization of care.

Although the available data do not allow us to estimate the net budgetary impact,
a reduction in the use of nitrous oxide should reduce the costs associated with the
acquisition of this agent.

The use of nitrous oxide through an E-cylinder rather than the centralized
distribution system may require some investment to adapt anesthesia machines
to accommodate these portable cylinders, depending on the equipment available
in the institution.

Supporting Sustainable Development through Targeted Organizational Strategies

Various organizational strategies to support the implementation of the proposed
changes are mentioned in the literature. These include collecting and sharing data
on inhalation gas consumption, estimating the associated carbon footprint,
evaluating Anesthesiologists' level of acceptance, and various knowledge transfer
activities (e.g. communication, teaching).

Restricting access to gases and equipment, notably by controlling orders,
discontinuing vaporizer rental contracts and removing this option from institutional
forms are also strategies suggested by the various stakeholders consulted.

The carbon footprint of inhaled anaesthetic gases can also be reduced through
the use of more modern anaesthesia equipment low fresh gas flows, target-
controlled inhalational anesthesia).



Deliberation

At the end of the evaluation and consultation process, a series of findings and proposed
recommendations were formulated, taking into account the various dimensions of the
INESSS statement of principles, as well as the uncertainties and limitations associated
with the available data. These findings and proposed recommendations were first
discussed with members of the Advisory Committee, then presented to members of the
Standing Deliberative Committee - Health Intervention Methods.

At the end of the discussions and deliberations, members of the Standing Deliberative
Committee formulated the general guidelines for the various recommendations. In
particular, they stressed that environmental, socio-cultural, clinical, organizational, and
economic indicators all support the withdrawal of desflurane in favour of sevoflurane. In
their view, no clinical benefit justifying the exclusive use of desflurane for inhalation
anesthesia could be identified in the course of the work. Furthermore, desflurane is more
expensive to use than sevoflurane, without even factoring in the cost of environmental
impact. Members of the Standing Deliberative Committee noted that withdrawal of
desflurane has already been established in hospitals in Scotland and in almost a third of
Quebec hospitals, demonstrating the feasibility of removing this halogenated agent.
While a minority of members favoured a complete and imminent withdrawal of
desflurane, a majority were more in favour of an overall recommendation advocating its
gradual withdrawal in line with existing contracts. Their arguments were based on the fact
that modifying contracts for the purchase of desflurane and the rental of evaporators and
cassettes, due to expire in 2026 or 2027, could entail penalties, and that the disposal of
unused products would also lead to costs and potential environmental impacts. On the
other hand, the majority of members favoured a direction similar to that taken by the UK
and the European Union, i.e. to leave a tiny opening for uses of desflurane in exceptional
circumstances. They did, however, mention that Anesthesiologists who nevertheless
wished to use desflurane in special situations would have to document the reasons and
justify the absence of an alternative option.

On the subject of nitrous oxide, members of the Standing Deliberative Committee felt that
replacing pipelines with nitrous oxide E cylinders would reduce the risk of accidental
exposure of users and healthcare professionals in the event of a leak. They were in
favour of a recommendation supporting the closure of the centralized distribution system.

Finally, committee members noted that withdrawing desflurane and reducing the use of
nitrous oxide, and leakage through pipes, would contribute to Quebec's commitment to
achieving carbon neutrality by 2050.



Recommendations

In light of the overall assessment of value and the deliberations held with the Standing
Deliberative Committee - Health Intervention Methods (CDP-MIS), the INESSS
recommends that guidelines and measures be implemented by the MSSS and
healthcare institutions, to achieve, in the near future, and according to a plan and
schedule that take into account local organizational specificities:

¢ eliminating the use of desflurane (except in very exceptional situations - see
additional recommendation below);

e closure of centralized nitrous oxide distribution systems (by ceasing to supply
pipelines) and the omission of this type of system from construction plans for
future hospital infrastructures.

e To achieve this overall objective, the INESSS recommends that, from a clinical
standpoint when an operating room procedure requires the use of general
anesthesia by inhalation:

e desflurane should no longer be used, and only in exceptional situations. In such
cases, the medical reasons justifying the absence of an alternative to desflurane
should be documented (e.g. in the patient record or anesthesia form);

o the anesthetic agent with the lowest carbon footprint is favoured, which currently
corresponds to sevoflurane;

o the use of measures to reduce the carbon footprint of halogenated gases, such as
low flow of fresh gas or target concentration inhalation anesthesia (TCI, AINOC),
is favoured wherever possible;

e nitrous oxide should not be used as a carrier gas, unless there is a medical
reason for its use;

e nitrous oxide is only used for sedation in special circumstances.

In order to Guide and Support This Transition, the INESSS Makes the Following
Additional Recommendations:

From an Organizational Perspective, institutions, in collaboration with their Sustainable
Development Committee, should develop an action plan to move towards an overall
reduction in the carbon footprint of anesthetic gases, based on their contractual
constraints and local specificities, and include means to, in particular:

e monitor the consumption of inhaled anesthetic agents, including nitrous oxide, in
the various facilities;

e measure the carbon footprint of anesthetic gases consumed and associated
costs;

e compile medical reasons justifying the exceptional use of desflurane.



As Part of the Transition to the Gradual Phase-out of Desflurane,

the MSSS should remove this gas from the provincial List of medications-
Institutions;

institutions and facilities should, according to their local circumstances:

- gradually return desflurane-compatible vaporizers and cassettes by the end
of current leases, so that the costs saved outweigh the penalties associated
with early returns,

- remove desflurane from their drug list,

- plan to update anesthesia machine software, or renew machines in future
calls for tender, to enable use of the TCI feature and thus reduce the amount
of sevoflurane used, and hence greenhouse gas emissions.

As Part of the Transition to the Decommissioning of Centralized Nitrous Oxide
Distribution Systems and the Reduction of Nitrous Oxide Consumption,

institutions and facilities should make type E nitrous oxide cylinders available for
selective use, e.g. in the operating theatre or caesarean section, and adapt
anaesthesia equipment to allow use with N2O cylinders if necessary. Where
necessary, monitoring and control measures against theft should be implemented.

To Ensure Optimal Inventory Management and Limit Financial Penalties Related to
Existing Contracts,

anesthesiology Department Heads and Managers should keep those in charge of
procurement (e.g. pharmacy, stores, biomedical engineering, CAG) informed of
recommended changes in practice concerning inhaled anesthetic agents. At the
same time, those in charge of procurement should take anticipated needs into
account before concluding an agreement on inhaled anesthetic agents and
associated devices.

Regarding General Knowledge and Awareness of Environmental Issues Related to
Anesthetic Gases, the INESSS Recommends That

educational institutions enhance the basic training of future healthcare
professionals called upon to prescribe or administer inhaled anesthetic agents, to
include environmental considerations related to anesthesia;

professional orders, federations, and associations whose members use
inhalational anesthetics in their practice, including dentistry and veterinary
medicine,

- disseminate the INESSS recommendations,

- make their members aware of the environmental impact of inhaled
anesthetic agents (e.g. greenhouse gas emissions, effect on the ozone
layer),



— encourage their members to adopt clinical practices that minimize their
carbon footprint,

- ongoing training, easily accessible and giving access to training credits, be
developed to raise the awareness and knowledge of the healthcare
professionals involved in the environmental issues surrounding inhalation
anesthetics, and in practices that reduce GHG emissions during their use.

Ultimately, to Evaluate the Clinical, Organizational, Economic, and Environmental
Impact of Implementing the Recommendations, the INESSS Recommends That

e the MSSS ask healthcare institutions to follow up on the measures deployed and
the results achieved, in preparation for the next sustainable development action
plan 2029-2033.

Conclusion

For the first time, the INESSS has made recommendations aimed directly at modifying
current clinical practices in the healthcare network, in order to reduce the sector's carbon
footprint. By phasing out desflurane, reducing the use of nitrous oxide, and optimizing the
use of sevoflurane, the implementation of these recommendations will contribute to
Quebec's goal of becoming carbon neutral by 2050. Although modest in relation to
overall greenhouse gas emissions, the proposed changes will nonetheless have a
beneficial effect on the carbon footprint of general anesthesia and therefore of the
healthcare system. In support of local initiatives, this opinion will serve as a lever to
facilitate communication and the implementation of actions, at various levels, to
collectively reduce this footprint. In addition to anaesthetic gases, other clinical
procedures and practices can also contribute to reducing the carbon footprint, without
compromising the quality and safety of care. Through its monitoring of environmental
impacts in healthcare, the INESSS continues to reflect on environmental considerations
in its evaluations, and keeps abreast of scientific advances in this field, including the
overall environmental impact of care provided in the operating theatre.
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