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Climate change is widely recognized as a major threat to global
health in the 21st Century. Compared to the pre-industrial era,
the average temperature of our planet is 1.10C higher (1-3) and the
impact would be unsustainable in the not too distant future if such
increase continues unabated. During the last weeks of January
2024, Colombia faced exceptionally high temperatures, setting
new historical records in the country. (4)

Health care plays a substantial role in global climate change,
accounting for approximately 5.2% of the total CO2 emissions and
ranking the health care sector as the fifth largest carbon emitter. (5)
Moreover, carbon emissions are only one of the concerns linked to
healthcare systems, which also encompasses pollution generated
mainly during perioperative care. (6)

In the face of these global challenges, international
organizations such as the Intergovernmental Panel on Climate
Change are urging for the adoption of profound and transformative
changes, both at a personal and professional level, starting with
"individual awareness" of the problem. During the United Nations
Climate Change Conference (COP26) held in Glasgow, UK, in 2021,
50 countries committed to establishing low-carbon and sustainable
healthcare systems, and 14 agreed to achieve net-zero emissions in
the healthcare sector by 2050. (7)

Achieving these objectives certainly implies a major change in
the way we live and interact in society with the environment. Some
of the crucial considerations include: 1) establishing health and care
systems that are sustainable and resilient; 2) reducing demand and
migrating to energy sources with low greenhouse gas emissions
(wind, solar, nuclear and biofuels); 3) promoting nature-based
solutions, such as conserving forests, woodlands, urban green
spaces and wetlands; 4) implementing carbon capture and storage
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technologies; 5) energy-efficient building design and retrofitting;
and 6) encouraging active human travel, such as walking,
wheelchairs and bicycles, as well as promoting electric vehicles and
sustainable public transportation. Finally, in the agricultural sector,
changes are sought in agricultural practices, land use and diets, all
with the aim of reducing carbon emissions and promoting more
sustainable food systems.

Similar to other highly technical and resource-intensive
disciplines, anesthesiology and perioperative care account for a
significant portion of the environmental impact of medical care. In
thecontextofincreasingcallstoaddressthesignificantcontributions
of anesthesia to climate change, volatile anesthetics have gained
increasing attention, primarily due to their potent greenhouse gas
characteristics. Volatile anesthetics have minimal metabolism in
vivo and are released into the troposphere (approximately 95%)
with minimal chemical alteration: sevoflurane and desflurane
persistin the troposphere for ~1.1 and 14 years, respectively. Beyond
volatile anesthetics, operating rooms account for 30 % of the daily
generation of medical waste, with anesthesia contributing about 25
%, 40 % of which is considered potentially recyclable. (2)

The World Federation of Societies of Anesthesiologists (WFSA),
after organizing a committee of recognized experts and regional
leaders in sustainability, has released three basic principles of
responsible and environmentally sustainable anesthesiology
practice: 1) patient safety should not be compromised by the
introduction of sustainable anesthesiology practice; 2) high,
middle and low income countries should support each other
appropriately in the process towards providing sustainable medical
care (including anesthesiology), and 3) it should be mandatory for
healthcare systemstoreduce theirimpacton globalwarming. These
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Table 1. Consensus principles of environmentally sustainable anesthesia and recommendations adopted.

Consensus principles of
=+ ENVIRONMENTALLY SUSTAINABLE
N ANESTHESIA AND RECOMMENDATIONS ADOPTED

Instill principles of environmental

3\ = Professional organizations should
promote sustainable anesthesia
h g

through professional recognition
and the awarding of research
grants and fellowships.

Professional journals and

sustainability within conferences should routinely

academic research in the field of s -1

O

To minimize the
environmental impact of the
practice of anesthesia

= Anesthesiologists should setan
example in matters of environmental
responsibility and awareness, both
personally and professionally, and their
professional organizations should

publicly advocate for environmentally

sustainable medical care.

N

= They should collaborate in

multidisciplinary teams to improve
the sustainability of anesthesia (e.g.,
with other specialties, industry,
construction and environmentalists).

X 4
LY

Eliminate overuse and
waste of drugs, equipment,

energy and water in health care

anesthesiology, and in quality
improvement programs

= Always consider the financial, social

and environmental implications of
anesthesia interventions in research
and quality improvement projects.

~

-

and quality improvement projects
on anesthesia sustainability.
Environmental sustainability
should be integrated into hospital
quality audit and improvement
programs.

Hospitals and national and
international bodies should
recommend meaningful and

When considering sustainable healthcare,
the potential harms and benefits to both
individual patients and overall health
must be evaluated.

As members of hospital sustainability
committees, anesthesia providers
should promote and pursue
measurable reductions in waste of
medications, single-use equipment

Anesthesia providers should follow

sustainability activities in the
respective healthcare organizations

measurable standards to reduce
anesthesia-related carbon

A

Lead environmental

emissions.

= Operating room "shutdown”
protocols should be implemented

and energy.

Asustainability leader should be
appointed for each department of

institutionally approved and regularly
audited "sR" approaches to minimize
anesthetic waste (drugs, equipment,

= Anesthesiologists should

recommend sustainable redesign
in any proposed reconstruction or

after completion of each list of
surgeries to reduce avoidable
energy waste.

energy, water): "reduce, reuse, recycle,
rethink, research’.

anesthesia.

Anesthesia providers should reformulate
equipment packages to eliminate
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Use environmentally
friendly medicines and
equipment, provided they
are clinically safe

= Anesthesiologists should always
consider safely reducing the
amount of drugs, equipment,
energy and water used in their
practice for environmental reasons.

Anesthesia drugs should be
disposed of in an environmentally
sustainable manner.

= In general inhalational anesthesia,

an agent with the lowest global
warming potential (GWP100)

unnecessary items.

Cleaning processes for reusable
anesthesia machines must be
should be used, i.e., sevoflurane or environmentally sustainable.
halothane rather than isoflurane or
desflurane.

_J

Incorporate principles of

environmental sustainability into
formal anesthesiology education

Use low oxygen/air flows during
sedation and general anesthesia,
appropriate for the delivery system used.
If nitrous oxide sources and anesthesia
tubing are used, they should be
checked periodically for leaks.

All areas where inhalational
anesthesia is administered should be
equipped with systems for
capture/destruction of expired waste
agents. = Continuing professional development
should include personal and institutional
education on environmental sustainability.

In countries where desflurane and
nitrous oxide are available, they
should be used only in specifically
agreed cases.

= Anesthesia training should include
environmental sustainability education.

renovation of operating rooms.

Hospitals and other organizations
should facilitate the delivery of
sustainable anesthesia.

Collaborate with the industrial
world to improve environmental

Anesthesiologists should partner
with manufacturers to improve the
sustainability of anesthesia drugs,
single-use equipment, packaging,
and energy use.

Manufacturers should publish open
source data on the environmental
sustainability of their medicines and
anesthesia machines.

N

J

Source: Excerpted and modified from White etal. (1).

principles are framed in the consensus of
environmentally sustainable practice of
anesthesia (Table1).

The working group suggests that these
seven consensus principles form the basis
of sustainable anesthesia practice. It is the
opinion of this group that such measures
can be achievable on a global basis, with
minimal material resources and financial
investment. The group also clarifies that
while these guidelines address the needs of

most patients and health care professionals
in mostcircumstances, anesthesia providers
always need to balance environmental
and patient benefits with local or regional
environmental and logistical factors at
their sites.

Several of these recommendations
are feasible to implement. However,
individual awareness of climate change
and its potential impact on our work
as anesthesiologists is fundamental to

Anesthesia rooms and operating
rooms should be ergonomically
designed to optimize sustainable
anesthesia (e.g., waste
classification facilities).

= Atraffic light type color coding
system should be developed to
indicate the environmental impacts
of drugs, equipment and devices,
guiding sustainable procurement.

= Contracts with manufacturers should
include total cost of ownership
clauses, i.e. including both the
financial and environmental costs
(return, repair, recycling, donation)
of the purchase.

sustainability

= Contracts with manufacturers should
only be tendered after careful
consideration of the sustainability
credentials of their products.

achieving environmental sustainability.
This is a concern that leads us to reflect
on how to systematically promote and
apply ‘environmental sustainability” in
routine work and daily life, especially
in the aftermath of a critical period of
stress such as the COVID-19 pandemic (8).
There is a lack of understanding of how
anesthesiologists and other professionals
in perioperative settings perceive the
environmental impact of their practice.
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However, the first step toward potential
change begins by acknowledging this
need. (9)

A recent qualitative study explored
environmental sustainability from the
perspective of anesthesia providers at
a facility in Zurich, Switzerland, that
implements environmentally sustainable
practice guidelines. Eighty-nine percent
of participants stated that environmental
sustainability is essential to their work as
anesthesiologists, and 95 percent reported
that they implement measures to make
their practice more environmentally
friendly. Conscious choice of anesthetics
was identified as the most common
step respondents take to reduce the
environmental impact of anesthesia.
Waste production and improper waste
management was the most frequently
mentioned associated threat to the
environment. Last but not least, lack of
knowledge on environmental sustainability
issues was recognized as a barrier to
achieving better environmental goals. (10)

In contrast, Gonzalez-Pizarro et
al. presented a large survey of 1,237
anesthesiologists including practitioners
from 75 countries. Forty-five percent of
the respondents failed to identify which
of the halogenated gases had the largest
carbon footprint during anesthetic practice,
55% did not use low flows during practice,
and they documented an association
between country per capita income and
implementation  of  environmentally
sustainable practices. (11)

Climate change is the major threat to
planetary and human health today and is
a process that is occurring here and now
(12). It will have adverse effects on human
health by changing the nature, severity,
and frequency of disease presentation. The
practice of environmentally sustainable
and responsible anesthesiology is not
only crucial to address the global threat

of climate change, but also requires a
collective effort and leadership at every
level of health care. From choosing greener
anesthetics to proper waste management,
every step toward environmental
sustainability in anesthesiology is essential
to mitigating the effects of climate change
on human and planetary health. Moreover,
this sustainable approach requires the
active collaboration of all stakeholders,
including healthcare providers, hospital
administrators,  medical  equipment
manufacturers, and governmental and
nongovernmental organizations. Only
through collective effort and committed
leadership can we move toward a more
sustainable future in the practice of
anesthesiology.

REFERENCES

1. White SM, Shelton CL, Gelb AW, Lawson C,
McGain F, Muret], et al. Principles of environ-
mentally-sustainable anaesthesia: a global
consensus statement from the World Fe-
deration of Societies of Anaesthesiologists.
Anaesthesia. 2021;77:201-12. doi: https://doi.
org/10.1111/anae.15598

2. Gasciauskaite G, Lunkiewicz ], Tucci M, Von
Deschwanden C, Noéthiger CB, Spahn DR,
et al. Environmental and economic impact
of sustainable anaesthesia interventions: a
single-centre retrospective observational
study. Br ] Anaest. 2024. doi: https://doi.or-
g/10.1016/j.bja.2023.11.049

3. van Daalen KR, Romanello M, Rockl6v ], Se-
menza ]C, Tonne C, Markandya A, et al. The
2022 Europe report of the Lancet Countdown
on health and climate change: towards a cli-
mate resilient future. Lancet Public Health.
2022;7:€942-65. doi: https://doi.org/10.1016/
$2468-2667(22)00197-9

4. Caracol Radio. Temperatura histérica alcan-
zada en Colombia durante enero 2024 [in-
ternet]. [Cited 26 Jan 2024]. Available at:
https://caracol.com.co/2024/01/26/tem-
peratura-historica-alcanzada-en-colom-
bia-durante-enero-2024/

5. McGain F, Muret ], Lawson C, Sherman ]D. En-
vironmental sustainability in anaesthesia and
critical care. Br] Anaest. 2020;125:680-92. doi:
https://doi.org/10.1016/j.bja.2020.06.055

6. Adisa A, Bahrami-Hessari M, Bhangu A, Geor-
ge C, Ghosh D, et al. Reducing the environ-
mental impact of surgery on a global scale:
systematic review and co-prioritization with
healthcare workers in 132 countries. Br] Surg.
2023;110:804-17. doi: https://doi.org/10.1093/
bjs/znadog2

7. United Nations Climate Change. The Glasgow
Climate Pact — Key Outcomes from COP26
[internet]. 2021 [Cited 10 Jan 2024]. Available
at: https://unfccc.int/process-and-meetings/
the-paris-agreement/the-glasgow-climate-
pact-key-outcomes-from-cop26

8. Calvache JA, Jadad AR. Toward the “next nor-
mal”: An opportunity to unlearn and reflect
about life, death, and our mental health
during the pandemic. Colombian Journal of
Anesthesiology. 2021;49:€987. doi: https://doi.
0rg/10.5554/22562087.987

9. Charlesworth M, Swinton F. Anaesthetic ga-
ses, climate change, and sustainable practice.
Lancet Planetary Health. 2017;1:e216-7. doi:
https://doi.org/10.1016/52542-5196(17)30040-2

10. Gasciauskaite G, Lunkiewicz ], Spahn DR,
von Deschwanden C, Néthiger C, Tscholl D.
Environmental sustainability from anesthe-
sia providers’ perspective: a qualitative study.
BMC Anesthesiol. 2023;23(1):377. doi: https://
doi.org/10.1186/s12871-023-02344-1

.CGonzalez-Pizarro P, Koch S, Muret ], Trinks A,
Brazzi L, Reinoso-Barbero F, et al. Environ-
mental sustainability in the operating room.
European Journal of Anaesthesiology Inten-
sive Care 2023;2:0025-1-10. doi: https://doi.
0rg/10.1097/€29.0000000000000025

1

pury

12. Roa L, Velin L, Tudravu ], McClain CD, Berns-
tein A, Meara JC. Climate change: challenges
and opportunities to scale up surgical, obste-
tric, and anaesthesia care globally. Lancet Pla-
netary Health. 2020;4:€538-43. doi: https://
doi.org/10.1016/s2542-5196(20)30247-3

3/3


https://doi.org/10.1111/anae.15598
https://doi.org/10.1111/anae.15598
https://doi.org/10.1016/j.bja.2023.11.049
https://doi.org/10.1016/j.bja.2023.11.049
https://doi.org/10.1016/s2468-2667(22)00197-9
https://doi.org/10.1016/s2468-2667(22)00197-9
https://caracol.com.co/2024/01/26/temperatura-historica-alcanzada-en-colombia-durante-enero-2024/
https://caracol.com.co/2024/01/26/temperatura-historica-alcanzada-en-colombia-durante-enero-2024/
https://caracol.com.co/2024/01/26/temperatura-historica-alcanzada-en-colombia-durante-enero-2024/
https://doi.org/10.1016/j.bja.2020.06.055
https://doi.org/10.1093/bjs/znad092
https://doi.org/10.1093/bjs/znad092
https://unfccc.int/process-and-meetings/the-paris-agreement/the-glasgow-climate-pact-key-outcomes-fr
https://unfccc.int/process-and-meetings/the-paris-agreement/the-glasgow-climate-pact-key-outcomes-fr
https://unfccc.int/process-and-meetings/the-paris-agreement/the-glasgow-climate-pact-key-outcomes-fr
https://doi.org/10.5554/22562087.e987
https://doi.org/10.5554/22562087.e987
https://doi.org/10.1016/s2542-5196(17)30040-2
https://doi.org/10.1186/s12871-023-02344-1
https://doi.org/10.1186/s12871-023-02344-1
https://doi.org/10.1097/ea9.0000000000000025
https://doi.org/10.1097/ea9.0000000000000025
https://doi.org/10.1016/s2542-5196(20)30247-3
https://doi.org/10.1016/s2542-5196(20)30247-3

