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AIM: Climate change is a major global health threat, and healthcare contributes 4-5% of global greenhouse gas emissions. Operating
rooms (ORs) are particularly resource-intensive, producing high levels of waste and emissions. Sustainable surgical practices are essential
to reduce the environmental impact of healthcare. This review aims to summarise and compare key international initiatives that promote
sustainability in the OR.

METHODS: A narrative review was conducted between January and March 2025. Resources were identified through searches of
PubMed, Google Scholar, and professional society websites. Inclusion criteria included publication or endorsement by recognised aca-
demic or professional bodies, availability in English, and provision of practical guidance on surgical sustainability. No formal quality
assessment was performed due to the heterogeneity of sources.

RESULTS: Four major frameworks were identified: the Intercollegiate Green Theatre Checklist, which offers actionable perioperative
recommendations including reusable equipment, waste reduction, and energy savings; the European Association for Endoscopic Surgery
(EAES)/the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) Taskforce, which focuses on leadership, educa-
tion, and international collaboration; the Harvard Climate in Obstetrics, Anaesthesia and Surgery Team (COAST) Group, which promotes
equity-focused, low-cost, and scalable solutions suitable for varied healthcare settings; the World Federation of Societies of Anaesthe-
siologists (WFSA) Global Consensus, which outlines sustainable anaesthetic practices and education. These frameworks align with the
“5R” model—Reduce, Reuse, Recycle, Rethink, and Research—and highlight the OR as a key area for intervention.

CONCLUSIONS: Despite implementation barriers, these frameworks provide practical, scalable strategies for surgical teams to reduce
emissions. Embedding sustainability in surgical practice is critical for achieving healthcare decarbonisation and improving planetary
health.

Keywords: sustainability; surgery; climate change

Healthcare contributes approximately 4-5% of global
greenhouse gas emissions [1]. Within hospitals, operative
rooms (ORs) are particularly resource-intensive, account-
ing for up to one-third of total hospital waste and a signifi-
cant share of energy use and carbon emissions. Up to 40%
of surgical waste is generated before skin incision, most of
it being non-contaminated and potentially recyclable. This
has been highlighted as an area ripe for intervention [5,6].

Introduction

Climate change has contributed to rising disease burden,
declining air quality, and increased pressure on vital re-
sources such as food and water [1-3]. In response, inter-
national efforts such as the United Nations’ Race to Zero
initiative and the Paris Agreement have established ambi-

tious targets; a 45% reduction in carbon emissions by 2030
and net-zero emissions by 2050 [4]. However, despite these
global goals, progress remains insufficient, and healthcare
must play an active role in driving environmental change.
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One of the initiatives which provides evidence-based rec-
ommendations across the surgical workflow is the Royal
College of Surgeons Intercollegiate Green Theatre Check-
list [7]. In parallel, large-scale efforts have proposed fea-
sible, safe, and acceptable interventions for high, low- and
middle- income countries (LMICs). These include the use
of reusable surgical devices, reduction of anaesthetic gases,
appropriate waste segregation, and the introduction of recy-
cling programs [8].
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Fig. 1. The SR framework for sustainable surgery.

Sustainability principles in the OR align with the expanded
waste minimisation model - Reduce, Reuse, Recycle - now
supplemented by Rethink and Research (Fig. 1). This con-
cept resonates with the broader 10R framework of the cir-
cular economy, which prioritises interventions based on
their emission-reduction potential, from refusing unneces-
sary materials to recovering resources at the end of their
lifecycle [9].

Barriers to implementation remain significant, including
procurement limitations, lack of leadership, and gaps in car-
bon literacy among healthcare professionals. Study empha-
sizes the importance of behavioural change strategies, clini-
cian engagement, and the need for sustainability supporters
within surgical teams [10]. Even small quality improve-
ment projects, such as increasing the use of reusable gowns,
recycling or reducing unnecessary glove use, can lead to
measurable reductions in emissions [11,12].

Ultimately, the OR provides an ideal starting point for de-
carbonising healthcare, as it is a controlled environment
where interdisciplinary teams can pilot, monitor, and refine
sustainable practices [10].

As awareness of climate change intensifies, surgical soci-
eties, hospitals, and policy-makers are moving toward more
environmentally sustainable practices [13]. In this context,
tools such as checklists, global frameworks, and consen-
sus statements have been developed to guide the transi-
tion to greener surgery. The combined insights from inter-
national checklists, implementation frameworks, and real-
world audits offer a scalable path toward greener surgi-
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cal systems. In doing so, surgical teams can lead by ex-
ample, redesigning ORs from high-emission environments
into models of sustainable innovation. This narrative re-
view summarises and compares key initiatives aimed at im-
proving sustainability in the OR. Together, these resources
provide a roadmap for reducing the environmental impact
of surgery through actionable, multidisciplinary strategies.

Materials and Methods

This review was conducted using a narrative synthesis ap-
proach. As this was a narrative review the Preferred Re-
porting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines were not applicable and therefore not
followed. Between January and March 2025, a system-
atic exploration of publicly available resources and peer-
reviewed literature related to sustainable surgical practice
was performed.

Data Sources

Relevant checklists, frameworks, and statements were iden-
tified through the following channels: Professional Society
Websites, PubMed, Google Scholar.

Search Strategy

The research strategy aimed to identify relevant frame-
works, guidelines, or consensus statements related to sus-
tainability in surgical and anaesthetic practice. Boolean op-
erators were used to refine the search.
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‘ Records identified through database searches ‘

o

PubMed (surgery): 73 ‘ ‘ Google Scholar (surgery): 31,300 ‘

‘ Google Scholar (anesthesia): 2,770 ‘ ‘ PubMed (anesthesia): 15 ‘

Total records identified:

34,158
Records screened Manual search of official websites:
(titles & abstracts) RCS, EAES/SAGES, Harvard COAST

\/

Record meeting inclusion criteria:
4 frameworks

Included in the final comparative analysis

Fig. 2. Flowchart showing the identification and selection process for sustainability frameworks based on database searches

and manual website review. RCS, Royal College of Surgeons; EAES, the European Association for Endoscopic Surgery; SAGES, the

Society of American Gastrointestinal and Endoscopic Surgeons; COAST, Climate in Obstetrics, Anaesthesia and Surgery Team.

The following keywords were used on PubMed and Google
Scholar: (“anaesthesia”) AND (“sustainability” OR “envi-
ronmentally sustainable”) AND (“guidelines” OR “check-
list” OR “framework™ OR “consensus”) AND (“environ-
ment” OR “climate change” OR “carbon footprint”); or
(“surgery” OR “surgical practice”) AND (“sustainability”
OR “environmentally sustainable”) AND (“guidelines” OR
“checklist” OR “framework” OR “consensus”) AND (“en-
vironment” OR “climate change” OR “carbon footprint™).
Professional societies with a demonstrated interest in sus-
tainability were identified through the literature search.
Their official websites were reviewed to determine whether
they had issued any guidelines, checklists, or frameworks
related to environmentally sustainable surgical or anaes-
thetic practice.

Inclusion criteria were: (1) documents published in En-
glish; (2) issued or endorsed by recognised professional
societies, academic institutions, or international healthcare
bodies; and (3) containing structured guidance, recommen-
dations, checklists, or frameworks aimed at improving en-
vironmental sustainability in the OR or surgical/anaesthetic
care.

Exclusion criteria included: (1) documents unrelated to sur-
gical or anaesthetic practice; (2) publications without ac-
tionable or implementation-oriented content (e.g., purely
theoretical discussions or opinion editorials); and (3) mate-
rials focused solely on general hospital sustainability with-
out a surgical component.

Recognizing the heterogeneity of the included sources
(guidelines, checklists, toolkits, and consensus statements),
a formal quality scoring system such as Grading Rec-

ommendations Assessment, Development and Evaluation
(GRADE) or A Measurement Tool to Assess Systematic
Reviews (AMSTAR) was not applied since they are not well
suited to this type of material.

Data were extracted from each included framework or pub-
lication using a structured template designed to capture key
characteristics, including developer or originating institu-
tion, publication type (e.g., checklist, consensus statement),
primary focus areas, intended audience, scope of imple-
mentation, and any available evidence of impact or uptake.
These characteristics were then used for a comparative sum-
mary table and thematic evaluation matrix to enable critical
analysis across five dimensions: feasibility of implemen-
tation, empirical evidence, scalability, LMIC adaptability,
and cross-disciplinary integration.

These criteria were chosen inductively, drawing from re-
curring themes in the frameworks themselves. Each frame-
work was assessed across these dimensions through a qual-
itative synthesis of published materials and available docu-
mentation. Ratings represent the authors’ interpretive judg-
ment, based on content analysis, and are intended to guide
future empirical validation.

Results

The search across PubMed and Google Scholar yielded a
total of 34,158 records. Despite this volume, only one rele-
vant document met criteria as a formal international consen-
sus statement on sustainable anaesthetic practice. To com-
plement the database search, a manual review of the official
websites of the Harvard Climate in Obstetrics, Anaesthesia
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Table 1. Comparison of the different surgical sustainability frameworks.

Sustainability RCS  Green  Theatre EAES/SAGES Taskforce Harvard COAST Re- WFSA Consensus State-

Framework Checklist sources ment

Developer/Origin ~ Royal College of Surgeons ~ EAES and SAGES Harvard Medical School  World Federation of Soci-
of England (with Edin- (PGSSC/COAST) eties of Anaesthesiologists
burgh & Glasgow)

Main Focus Practical sustainability ~ Strategic leadership and  Equity-focused sustain-  Sustainable  anaesthetic
measures in the OR global advocacy ability in surgery practice

Target Audience Surgical teams (all mem-  Surgeons, societies, poli-  Clinicians, trainees, hospi-  Anaesthesia providers and
bers) cymakers tal leadership institutions

Structure Checklist (15 items across ~ Mission-based framework  Visual toolkits & educa-  Consensus-based  state-
4 domains) (4 pillars) tional posters ment (7 principles)

Core Do-  Anaesthesia, preparation, Education, research, lead-  Anaesthetic gases, waste, =~ Minimise impact, educa-

mains/Themes

Implementation
Level

Geographic

Scope

Promotes Educa-
tion

Supports Re-
search
Policy/Leadership

Focus

intraoperative equipment,
postoperative practices

Hospital/Department-level
UK (with international ap-
plicability)

Yes

Not directly

Moderate

ership, collaboration

International/Organisational-

level
Global

Yes

Yes

High

instruments, OR teams,
advocacy

Clinical/Operational-level
Global (with LMIC em-
phasis)

Yes

Yes

Moderate

tion, research, equipment,
leadership, collaboration
Institutional/Professional-
level

Global

Yes

Yes

High

Legend: RCS, Royal College of Surgeons; EAES, the European Association for Endoscopic Surgery; SAGES, the Society of American

Gastrointestinal and Endoscopic Surgeons; UK, United Kingdom; OR, Operative room; COAST, Climate in Obstetrics, Anaesthesia and

Surgery Team; PGSSC, Program in Global Surgery and Social Change; WFSA, World Federation of Societies of Anaesthesiologists;

LMIC, low- and middle- income countries.

and Surgery Team (COAST) Group, the Royal College of
Surgeons (RCS), and the European Association for Endo-
scopic Surgery (EAES)/the Society of American Gastroin-
testinal and Endoscopic Surgeons (SAGES) joint taskforce
was also conducted, as these organizations had been identi-
fied through the literature as leaders in sustainability initia-
tives. This triangulated approach led to the identification of
four major international frameworks that were eligible for
detailed comparative analysis (Fig. 2).

A descriptive comparison of the four selected sustainability
frameworks across key structural and contextual features is
provided by Table 1. These include their origin, primary fo-
cus areas, target audience, and implementation level. Cate-
gories were selected to distinguish structural characteristics
(e.g., structure, developer, scope) from user orientation and
implementation level. Efforts were made to minimize se-
mantic overlap by separating intended audience from the
system level of application.

The RCS Green Theatre Checklist is distinguished by its
practical, hospital-level orientation and emphasis on OR
behaviours. In contrast, the EAES/SAGES Taskforce fo-
cuses on global advocacy and high-level strategic leader-
ship. The Harvard COAST resources take an equity-driven,
operational approach, offering visual and educational tools
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designed for both high income country (HIC) and LMIC
settings. Finally, the World Federation of Societies of
Anaesthesiologists (WFSA) Consensus Statement provides
anaesthesia-specific sustainability principles with a strong
global scope but less direct applicability to surgical work-
flow.

The Green Theatre Checklist: A Tool for Surgical
Sustainability

One of the most comprehensive and actionable frameworks
currently available for improving environmental sustain-
ability in the OR is the Intercollegiate Green Theatre Check-
list, developed collaboratively by the RCS of England, the
RCS of Edinburgh, and the Royal College of Physicians and
Surgeons of Glasgow [7]. Published in 2023, the check-
list is grounded in evidence-based recommendations and is
designed to be broadly applicable across institutions while
allowing for local adaptation depending on available infras-
tructure and resources.

The checklist is structured into four key domains, en-
compassing the entire perioperative pathway: Anaesthesia,
Preparing for Surgery, Intraoperative Equipment, and After
the Operation. It includes a total of 15 recommendations,
each intended to reduce waste, lower carbon emissions, and
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promote resource efficiency without compromising patient
safety or care quality.

Anaesthesia

The checklist recommends prioritising local or regional
anaesthesia where appropriate, minimising the need for in-
halational agents and allowing for targeted oxygen deliv-
ery only when necessary. When general anaesthesia is re-
quired, Total Intravenous Anaesthesia (TIVA) should be
used where feasible, preferably with high fresh gas flows
(5-6 L/min) and low oxygen concentrations to reduce oxy-
gen waste. The use of nitrous oxide (N2O), a potent green-
house gas, should be limited to specific clinical cases. Fa-
cilities are advised to inspect piped NO systems for leaks
and consider switching to cylinder-based supply or decom-
missioning them altogether. If inhalational anaesthesia is
unavoidable, agents with lower global warming potential
(such as sevoflurane) should be selected over isoflurane or
desflurane. Removing desflurane from formularies and em-
ploying volatile gas capture technologies are also encour-
aged. Additionally, teams should switch to reusable anaes-
thetic equipment, such as laryngoscopes and warming de-
vices, and minimize drug waste. The checklist advises min-
imising opened supplies and packaging, suggesting to only
open items when necessary.

Preparing for Surgery

Prior to surgery, the checklist emphasizes the use of
reusable textiles, including hats, sterile gowns, drapes, and
trolley covers, in place of single-use items. To reduce
water and energy consumption during surgical scrubbing,
alcohol-based hand rubs should be used after the first scrub
of the day, and automatic or pedal-operated taps should
be installed to avoid unnecessary water use. The check-
list also advises avoiding unnecessary preoperative inter-
ventions that do not contribute meaningfully to patient out-
comes, such as prophylactic antibiotics, catheterization, or
histological examinations, unless clinically indicated.

Intraoperative Equipment

During the operation, surgical teams are encouraged to crit-
ically review and rationalise the use of instruments and dis-
posable items. This includes tailoring surgeon preference
lists to distinguish between essential and optional instru-
ments, minimizing the opening of full sets unless needed,
and consolidating instrument trays where possible. The use
of single-use surgical packs should be assessed to iden-
tify components that can be replaced with reusable alter-
natives, and suppliers should be engaged to reduce surplus.
The checklist also stresses avoiding unnecessary equipment
such as excess swabs and gloves, again reinforcing the prin-
ciple of only open items when necessary. Reuse of reman-
ufactured or reprocessed equipment (e.g., diathermy han-
dles, light cords, and certain surgical tools) should be priori-
tised when clinically safe. Where single-use is necessary,

switching to lower carbon alternatives, such as sutures in-
stead of clips, is recommended.

After the Operation

In this phase, waste management is a key area of focus.
The checklist recommends correct segregation of waste
streams; recycling packaging and materials where possible,
using non-infectious offensive waste streams (e.g., yellow
or black bags) when there is no infection risk, and ensuring
that sharp and pharmaceutical waste is disposed of safely.
Battery and metal waste collections should be arranged reg-
ularly. Equipment maintenance is also essential: damaged
but reusable items should be repaired rather than replaced,
and ongoing preventive maintenance should be encouraged.
Finally, when ORs are not in use, staff should turn off lights,
computers, ventilation systems, and temperature control to
reduce unnecessary energy consumption.

The Green Theatre Checklist is not intended to serve as a
certification tool but as a practical, repeatable framework
for promoting sustainable surgical practices. Its strength
lies in its applicability across disciplines and roles within
the surgical team, fostering multidisciplinary collaboration,
regular audit cycles, and ongoing quality improvement.
Moreover, its flexible structure allows local teams to iden-
tify specific actions that align with their institutional capa-
bilities and priorities.

A Critical View of the RCS Green Checklist

The RCS Green Checklist is a comprehensive guide to sus-
tainable practices in surgery, offering numerous strengths
while also presenting some limitations. One of its key
merits is that it is grounded in a robust compendium of
peer-reviewed evidence, guidelines, and policies, ensuring
its recommendations are scientifically valid and applicable
across a wide range of surgical settings. Additionally, the
checklist is structured to support practical implementation
by categorising actions into those that can be executed im-
mediately and those requiring longer-term planning thereby
enabling both quick wins and strategic progress. A notable
strength is the multidisciplinary collaboration involved in
its development, which enhances its credibility and pro-
motes broader adoption. Furthermore, the checklist aligns
with national sustainability goals, directly supporting the
National Health Service (NHS)’s ambition to achieve net-
zero carbon emissions by 2045.

Conversely, the checklist is not without its challenges.
Some of its recommendations may be difficult to imple-
ment in resource limited environments, potentially restrict-
ing widespread uptake. As sustainability practices and tech-
nologies evolve, the checklist will also require regular up-
dates to maintain relevance and effectiveness. Lastly, while
it offers a strong framework, there is a pressing need for
measurable metrics to evaluate the actual environmental
impact reductions resulting from its implementation.
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EAES/SAGES Taskforce: Leadership for Global Surgical
Sustainability

The joint Sustainability in Surgical Practice Taskforce es-
tablished by the EAES and SAGES represents a collabora-
tive, international effort to advance environmental sustain-
ability within surgical practice [14]. The taskforce aims not
only to raise awareness but also to lead systemic change
through structured, multidisciplinary strategies.

The taskforce’s core vision is to support surgeons in im-
proving the environmental sustainability of their practice
through practical, evidence-based actions in four key areas:

- Education: recognizing that a fundamental step toward
sustainable transformation is building awareness and un-
derstanding among surgeons, perioperative teams, and
healthcare professionals. By developing and dissemi-
nating educational content, including online resources,
webinars, and congress sessions, the taskforce aims to
support a continuous learning process centred on the en-
vironmental impact of surgical care.

- Research: through it, the taskforce seeks to evaluate the
clinical, environmental, and economic impact of sustain-
able surgical initiatives. It is actively working to estab-
lish the infrastructure for collaborative, multicentre stud-
ies, thereby promoting data-driven policy and practice
changes. This includes assessing how specific interven-
tions such as waste reduction, reusable instrumentation,
or low-carbon surgical techniques, affect both clinical
outcomes and healthcare costs.

- Leading Change: the taskforce aims to define and dis-
seminate best practices, frameworks, and actionable
guidelines to reduce the carbon footprint of surgery.
These recommendations include reducing unnecessary
energy use, minimising reliance on single-use products,
and promoting sustainable procurement and waste dis-
posal methods. By offering a unified and expert-driven
approach, the taskforce provides institutional and in-
dividual surgical teams with practical tools to initiate
change.

- Collaboration: it actively promotes partnerships be-
tween surgical societies, healthcare institutions, and in-
ternational stakeholders. These efforts aim to encour-
age global engagement, harmonise sustainability stan-
dards, and spread successful initiatives across countries
and healthcare systems.

Unlike tools such as the RCS Green Theatre Check-
list, which are primarily local and operational, the
EAES/SAGES Taskforce focuses on macro-level policy de-
velopment, strategic alignment, and systemic transforma-
tion. By convening thought leaders, researchers, and prac-
titioners around a unified objective, the taskforce estab-
lishes both the strategic framework and the impetus nec-
essary to integrate sustainability into the global future of
surgical practice.
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A Critical View of the EAES/SAGES Sustainability in
Surgical Practice Task Force

The initial work of the task force is presented in the Findings
from the SAGES-EAES Sustainability in Surgical Practice
Survey [15]. The study addresses the pressing issue of en-
vironmental sustainability in surgery, aligning with global
efforts to reduce healthcare’s carbon footprint.

It features a robust sample size, with over a thousand
respondents, providing a substantial dataset for analysis
and enhancing the reliability of its findings. The survey
has a comprehensive scope, exploring multiple dimensions
including surgeons’ attitudes, knowledge of carbon foot-
prints, concerns about sustainable interventions, willing-
ness to change practices, and preferred educational meth-
ods.

Notably, it produced insightful findings: 63% of surgeons
reported being motivated to improve sustainability, while
fewer than 10% could accurately estimate the carbon foot-
print of surgical activities. Furthermore, most respondents
were open to adopting sustainable practices, with online
webinars and modules being the preferred modes of edu-
cation. These findings can help spark meaningful future
research and guide educational initiatives.

Conversely, the study had limited geographical representa-
tion, with the majority of respondents based in North Amer-
ica and Europe. This may restrict the generalisability of the
results to regions with differing healthcare infrastructures
and cultural attitudes toward sustainability. Additionally, it
is important to note that the survey provides only a cross-
sectional snapshot, without assessing longitudinal changes
or the long-term impact of educational interventions on sus-
tainable practices.

Harvard COAST Group: Bridging Sustainability and
Global Equity

The Climate in Obstetrics, Anaesthesia and Surgery Team
(COAST), part of the Program in Global Surgery and So-
cial Change (PGSSC) at Harvard Medical School, provides
an actionable, equity-focused framework for implementing
surgical sustainability globally [16]. Their resources, struc-
tured under the “Climate Change & Surgery Hot Topics” se-
ries, focus on practical, easily implementable interventions
applicable across both high-resource and low-resource set-
tings. Through visually accessible toolkits, COAST targets
clinical, behavioural, and system-level changes.

One major focus area is the reduction of anaesthetic gas
emissions, noting that anaesthesia contributes to over half
of the carbon footprint in the OR. COAST encourages the
use of low-flow techniques, TIVA, and alternatives to des-
flurane and N,O. Additionally, it promotes implementing
system-based solutions (such as gas capture technology)
and behavioural interventions (such as pausing before gas
release) to minimise waste and emissions.

COAST also emphasises the implementation of the OR
Green Teams, recommending a stepwise approach: iden-
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tifying and recruiting a diverse, manageable team; engag-
ing hospital leadership; defining sustainability goals; and
ensuring transparent communication. These teams are pre-
sented not only as environmental stewards but also as poten-
tial sources of significant cost savings, with green programs
shown to save up to $56,000 per OR annually.

In terms of hospital operations, COAST highlights oppor-
tunities for local advocacy, outlining specific actions at the
individual, departmental, institutional, and policy levels.
These include encouraging sustainable commuting, opti-
mizing hospital energy use, reducing packaging waste, and
pushing for climate-conscious procurement policies. Clin-
icians are also encouraged to use their influence to drive
policy changes and participate in sustainability committees.
To address waste management, COAST dedicates a re-
source to reducing misuse of red bags, which are designated
for regulated medical waste (RMW) and are significantly
more expensive and environmentally damaging to dispose
of. The toolkit encourages clinicians to critically assess
waste classification, educate staff, and revise signage and
color-coded bins to avoid overuse of RMW bags.

Another resource promotes streamlining surgical instru-
ment use, as ORs are among the highest hospital en-
ergy consumers. COAST recommends conducting inven-
tory checks, adopting standardized sets, reprocessing where
possible, and integrating sustainability into surgical educa-
tion. This not only reduces sterilisation load but also en-
hances operational efficiency.

In response to the widespread use of single-use items,
COAST provides a roadmap for reprocessing Single Use
Devices (SUDs). Hospitals are guided to identify high-
volume items for reprocessing (e.g., trocars, vessel sealing
devices), define goals, engage stakeholders, and draft ap-
propriate hospital policies. Cost savings and reduced en-
vironmental burden are emphasised, alongside third-party
reprocessing partnerships.

Lastly, the COAST group advocates for adopting reusable
surgical gowns, offering a balanced evaluation of sus-
tainability, barrier effectiveness, cost, and clinical usabil-
ity. The resource outlines barriers (such as upfront cost
and laundering logistics) but provides evidence-based ar-
guments in favour of reusable options, showing lower car-
bon footprints, reduced RMW generation, and substantial
financial benefits in the long term.

Collectively, these resources underscore COAST’s com-
mitment to environmentally sustainable, resource-efficient,
and globally adaptable surgical practices, with a strong em-
phasis on equity, implementation feasibility, and education.
Their toolkits serve as a bridge between policy and practice,
providing frontline surgical teams with step-by-step strate-
gies to embed sustainability into routine care.

Critical View of the Harvard COAST Group: Bridging
Sustainability and Global Equity

Their approach is evidence-based and practical, with each
guide grounded in peer-reviewed literature and provid-
ing step-by-step instructions for implementing sustainable
practices. Topics covered include improving operating
room Heating, Ventilation and Air Conditioning (HVAC)
efficiency, reducing anesthetic gas emissions, and adopt-
ing reusable surgical gowns. The guides are designed to
be user-friendly, featuring interactive elements such as em-
bedded hyperlinks and quick-response (QR) codes that di-
rect users to additional resources, thereby facilitating ease
of access and implementation.

Moreover, the initiative addresses a broad range of sus-
tainability topics—from energy consumption and waste
reduction to advocacy and research—allowing healthcare
providers to engage with multiple aspects of environmental
sustainability. Importantly, COAST takes a global perspec-
tive, emphasising the significance of sustainable surgical
practices worldwide and acknowledging the diverse chal-
lenges faced by healthcare systems in different regions.
On the other hand, the initiative shares some limitations
common to similar projects. Implementing certain recom-
mendations may be difficult in low-resource settings due
to financial, infrastructural, or logistical constraints. Addi-
tionally, the lack of standardised impact metrics remains a
concern, as it makes it difficult to measure the real-world
effectiveness of these interventions. As with other sustain-
ability initiatives, there is also a need for regular updates to
ensure the content remains current in the face of evolving
practices and technologies.

WFSA Global Consensus: Sustainability in Anaesthesia

In response to the growing climate emergency and the mea-
surable contribution of anaesthesia to healthcare-related
greenhouse gas emissions, the WFSA convened an inter-
national working group to develop the first global consen-
sus statement on environmentally sustainable anaesthesia
[17]. Published in 2022, the statement emerged from a rig-
orous three-stage Delphi consensus process, engaging 45
anaesthesia providers from across six continents. The ini-
tiative reflects an urgent call for internationally coordinated
action and sets forth seven guiding principles for embed-
ding sustainability into anaesthetic practice, with applica-
bility across HICs and LMICs. The consensus is under-
pinned by three core assumptions:

- Patient safety must never be compromised by sustain-
ability goals.

- Countries must support each other equitably, especially
in building sustainable anaesthesia capacity in LMICs.

- Healthcare systems must be mandated, not merely en-
couraged, to reduce their environmental impact.

These pillars provide the ethical foundation upon which the
following seven principles were developed:
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Minimise the Environmental Impact of Clinical Practice

Anaesthesia providers are urged to lead by example in sus-
tainability, both within their own practice and through insti-
tutional roles. They should participate in multidisciplinary
sustainability teams, serve as department leads for envi-
ronmental initiatives, and advocate publicly for sustainable
healthcare. This leadership role includes measuring and ac-
tively reducing waste in medications, single-use equipment,
and energy use. Given that anaesthesia practice contributes
significantly to healthcare emissions, especially through
waste gases and supply chains, anaesthesia professionals
must become agents of change in this domain.

Use Environmentally Preferable Medications and
Equipment

The choice of anaesthetic agents has major implications
for climate impact. Desflurane and N-5O, for example,
have global warming potentials (100 year) (GWP100) far
exceeding those of sevoflurane and isoflurane [18,19].
Providers are encouraged to preferentially use agents with
lower environmental impact, employ low-flow anaesthesia
techniques, and regularly check NO delivery systems for
leaks. Where possible, inhalational anaesthesia should be
replaced with regional or TIVA, which are generally as-
sociated with significantly lower emissions [20]. Waste
gas capture and destruction technologies should be imple-
mented to reduce atmospheric pollution.

Minimise Waste and Overuse of Resources

The consensus emphasises applying the SR framework—
Reduce, Reuse, Recycle, Rethink, Research—to all aspects
of anaesthesia. Overuse of medications, unnecessary in-
clusion of items in equipment packs, and inefficient en-
ergy and water use are major contributors to environmental
harm. Reformulating theatre packs, using reusable rather
than disposable equipment where safe, and designing low-
waste cleaning and sterilisation systems are recommended.
The Working Group highlights that reducing and reusing
have a far greater impact than recycling alone, which re-
mains underutilised in most OR.

Integrate Environmental Sustainability Into Anaesthesia
Education

To ensure long-term change, sustainability principles must
be incorporated into undergraduate curricula, postgraduate
training, and continuing professional development. Despite
growing interest, many experienced practitioners still lack
formal education in sustainability, creating a barrier for ef-
fective teaching. The Working Group calls for sustainabil-
ity to be embedded into certification, appraisal, and ongoing
training pathways. Some societies, such as the Association
of Anaesthetists in the United Kingdom (UK), have already
begun offering fellowships and courses in this field, which
serve as models for global adoption.
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Embed Sustainability Into Research and Quality
Improvement

The integration of environmental metrics into anaesthesia
research and quality improvement (QI) programs is a pri-
ority. Projects should assess the financial, clinical, and en-
vironmental impact of interventions to align with the triple
bottom line of sustainability. The consensus advocates for
professional organisations, journals, and conference plat-
forms to actively support and disseminate sustainability-
focused research. Moreover, hospital-level QI initiatives
should include measurable targets for reducing carbon
emissions and resource use related to anaesthesia.

Lead Organisational Sustainability Efforts

Anaesthesia departments are positioned to influence hos-
pital policy, infrastructure, and culture. Providers should
contribute to the sustainable OR design, recommend “shut-
down protocols” to reduce energy use, and participate in
institutional decision-making around energy, procurement,
and waste. Hospitals must create systems and metrics that
enable the tracking and reduction of anaesthesia-related
emissions. Strategic planning for new facilities and refur-
bishments offers critical opportunities to embed sustainabil-
ity into the structural fabric of healthcare delivery.

Collaborate With Industry for Sustainable Innovation

Finally, the consensus highlights the importance of engag-
ing with industry stakeholders to improve the sustainabil-
ity profile of anaesthesia drugs, devices, and packaging.
Providers should advocate for open access to environmen-
tal data from manufacturers and push for “green procure-
ment” practices, including life-cycle assessments and total
cost of ownership evaluations. A suggested “traffic-light
system” for labelling the environmental impact of products
could empower providers to make informed, sustainability-
conscious purchasing decisions.

The WFSA consensus [17] is both a practical and vision-
ary framework, offering guidance that is not only grounded
in expert opinion but also informed by an inclusive, inter-
national process. Its adoption marks a critical step toward
aligning anaesthesia with broader healthcare decarbonisa-
tion goals. While challenges in implementation remain—
particularly in LMICs where infrastructure and regulation
vary—the consensus offers adaptable principles that can
catalyse change globally.

Critical View of the WFSA Global Consensus Statement
on Environmentally Sustainable Anaesthesia

It represents a significant international effort to address
the environmental impact of anaesthetic practices. Pub-
lished in the journal Anaesthesia in 2022, this consensus
outlines seven core principles aimed at guiding anaesthesia
providers worldwide towards more sustainable practices.

One of its greatest strengths is its global representation and
inclusivity. The consensus was developed through a mod-
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Table 2. Qualitative comparison of the four selected frameworks based on key dimensions derived from the literature and

implementation considerations.

Framework Feasibility of Im-  Empirical Evi-  Scalability LMIC Adaptability ~ Cross-disciplinary
plementation dence Integration
RCS Green Theatre ~ High in HICs Low—Moderate Moderate Limited High (whole OR
Checklist (one UK audit (infrastructure- team)
study) dependent)
EAES/SAGES Moderate Moderate (4 early  High (strategic and  Moderate-High Moderate (surgical
Taskforce publications) international) leadership)
Harvard COAST  High Moderate—High Moderate High (equity-  High (multidisci-
Resources (multiple peer- focused, LMIC- plinary focus)
reviewed studies) relevant)
WFSA Consensus  Variable (depends Low (consensus, High Variable Limited
Statement on system re- notimplementation (anaesthesia-
sources) data) focused)

Legend: HICs, high income countries.

ified Delphi process involving 45 anaesthesia profession-
als from diverse regions, ensuring the recommendations are
globally relevant and sensitive to varying resource settings.

Moreover, it proposes comprehensive and actionable prin-
ciples. The seven principles cover a wide spectrum of sus-
tainability considerations, including clinical practice, ed-
ucation, research, and collaboration with industry. This
holistic approach allows for integration into multiple facets
of anaesthetic care.

The WFSA also places strong emphasis on equity and
patient safety, with the statement underscoring that sus-
tainability efforts must not compromise patient care. It
advocates for equitable support across HICs and LMICs,
promoting global solidarity in environmental stewardship.
By addressing the environmental impact of anaesthesia,
the consensus aligns with broader global health initiatives
aimed at reducing healthcare-related carbon emissions and
contributes to international climate goals.

However, there are notable limitations. There is a lack of
specific implementation strategies, as the consensus does
not provide detailed guidance on how to apply the princi-
ples in practice. This may pose challenges for clinicians
trying to operationalise the recommendations across varied
healthcare contexts.

As with similar initiatives, there is an absence of monitor-
ing and evaluation metrics. The document does not outline
specific indicators to assess the effectiveness of sustainabil-
ity measures, making it difficult to track progress and out-
comes.

The issue of potential resource constraints also arises, par-
ticularly in low-resource settings where financial, infras-
tructural, or logistical limitations may hinder adoption.

Finally, there is a clear need for regular updates, as sustain-
ability practices and technologies are continually evolving.
Keeping the framework current will be essential to its con-
tinued relevance and effectiveness.

Comparison of the Four Frameworks

To complement the descriptive comparison of the selected
sustainability frameworks, a thematic evaluation matrix
was developed to facilitate structured comparison across
five key dimensions: feasibility of implementation, avail-
ability of supporting evidence, scalability, adaptability to
LMICs, and cross-disciplinary integration (Table 2). The-
matic ratings are based on interpretive synthesis, informed
by available peer-reviewed publications, framework doc-
umentation, and the intended use cases described by each
source. Where applicable, ratings are supported by ref-
erences. Quantitative implementation data (e.g., adoption
rates, emission reductions) are not yet consistently available
for most frameworks, limiting the ability to include uniform
scoring metrics.

The RCS Green Theatre Checklist demonstrated high feasi-
bility in HICs and strong integration across OR team mem-
bers, but more limited adaptability to LMICs due to infras-
tructure requirements. To date, its application has been doc-
umented in only one peer-reviewed study, which evaluated
its use in UK OR and highlighted variability in implemen-
tation and staff engagement across different sites [11].

The Harvard COAST Group’s sustainability framework
stands out for its integration of clinical guidance, advocacy,
and implementation tools specifically designed for global
use. The COAST initiative is supported by a growing body
of peer-reviewed literature. This includes global calls to
integrate climate action into surgical system strengthening
[2], educational strategies to empower OR teams in adopt-
ing environmentally conscious practices [21], and innova-
tive models such as e-liability accounting to track surgical
emissions [22]. These publications reflect the group’s in-
terdisciplinary and equity-driven approach, particularly in
LMIC contexts, and provide early evidence supporting the
feasibility and relevance of the framework in real-world set-
tings.
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The EAES/SAGES Taskforce provided high scalability
through international strategy, though practical implemen-
tation data remain limited. The EAES/SAGES joint sus-
tainability initiative has yielded four key publications.
These include a comprehensive scoping review that estab-
lishes standard terminology and outcome measures to de-
fine the environmental footprint of surgical practices [9]; a
global survey assessed surgeons’ attitudes toward sustain-
ability, revealing a strong willingness to adopt environmen-
tally friendly practices despite limited knowledge of the car-
bon footprint associated with surgical procedures [15]; a
collaborative call to action outlines strategic priorities for
promoting sustainability in surgical practice [13]; and a
commentary emphasizes the urgency of integrating sustain-
able practices into surgery to meet global climate goals [23].
While these publications provide a foundational framework
and highlight the commitment of surgical societies to envi-
ronmental sustainability, further research is needed to eval-
uate the practical implementation and effectiveness of these
initiatives across diverse healthcare settings.

Lastly, the WFSA Consensus Statement offered strong
alignment with global anaesthesia leadership but showed
variable feasibility depending on system support. Overall,
the matrix highlights the contextual strengths and limita-
tions of each framework, offering insights to guide selec-
tion and adaptation based on setting-specific priorities.

Discussion

The findings of this narrative review highlight the grow-
ing recognition of the OR as a critical target for environ-
mental sustainability within healthcare systems. The four
frameworks explored—the Intercollegiate Green Theatre
Checklist [7], the EAES/SAGES Taskforce [14], the Har-
vard COAST Group [16], and the WFSA global consensus
on sustainable anaesthesia [17]—offer complementary yet
distinct approaches to decarbonising surgical practice. Col-
lectively, they provide a multifaceted roadmap for reduc-
ing the environmental impact of surgery through evidence-
based, scalable, and multidisciplinary interventions.

Sustainability interventions in surgical settings can be cat-
egorised into key domains: reducing material use, transi-
tioning to reusable equipment, implementing recycling pro-
grams, adopting lower-emission anaesthetic alternatives,
and other context-specific strategies [9,11,24]. While there
is strong evidence supporting the effectiveness and safety
of reusable equipment, there is still a critical gap in data
regarding the carbon equivalent (COze) and cost impact of
many other interventions, an area that warrants further in-
vestigation [24].

The joint review conducted by the SAGES-EAES task force
reinforces the importance of integrating sustainability into
surgical care, particularly within the OR [9]. The review
echoes key strategic pillars, including the reduction of ma-
terial waste, adoption of reusable instruments, recycling,
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and anaesthetic material optimisation. Among these, the
adoption of reusable instruments and structured recycling
protocols emerged as particularly promising in reducing
both greenhouse gas emissions and operational costs, align-
ing closely with the direction and objectives of our study.
One of the key strengths emerging from these four initia-
tives is their emphasis on practicality. The Intercollegiate
Green Theatre Checklist [7], for instance, translates sustain-
ability principles into specific perioperative actions, such as
rationalizing instrument trays, minimising the use of high-
emission anaesthetic gases, and encouraging the adoption
of reusable textiles. These recommendations are not only
practically applicable but also adaptable across institutions
with varying levels of resources. Importantly, the check-
list promotes iterative quality improvement and multidisci-
plinary collaboration—two essential elements for embed-
ding sustainability into routine surgical care.

In contrast, the EAES/SAGES Taskforce adopts a broader
systems-level approach, focusing on leadership, education,
research, and policy engagement [14]. While less opera-
tional in nature, this initiative fills a crucial gap by offer-
ing strategic guidance and facilitating international collab-
oration. Its emphasis on harmonizing standards, promot-
ing data-driven decision-making, and fostering academic
inquiry is essential for long-term systemic change.

While this initiative focuses on policy and leadership, the
Harvard COAST framework offers a more operational,
equity-driven model. It contributes a unique perspective
by integrating sustainability with global equity [16]. Their
toolkits are particularly relevant for LMICs, where resource
constraints may limit the feasibility of high-tech interven-
tions. By providing low-barrier, cost-saving strategies—
such as reducing biocontaminated waste, forming OR green
teams, and implementing reprocessing programs—COAST
bridges the gap between policy and practice, and empow-
ers frontline teams to initiate change even in challenging
contexts.

In contrast to the multidisciplinary focus of COAST, the
WEFSA statement concentrates specifically on anaesthetic
practice [17]. As anaesthetic gases represent a major con-
tributor to OR emissions, this global consensus underscores
the urgent need to transition to low-emission alternatives,
invest in gas capture technologies, and reform educational
and research agendas. Moreover, the WFSA’s emphasis on
equitable implementation and ethical responsibility high-
lights that sustainability must not come at the expense of
patient safety or access to care, particularly in LMICs.
Across the four frameworks, sustainability principles
broadly align with the SR model—Reduce, Reuse, Recycle,
Rethink, and Research—even when not explicitly named
as such. The RCS Green Theatre Checklist operationalises
Reduce through minimising unnecessary equipment and
consumables, Reuse via promotion of reusable textiles and
instruments, and Recycle by advocating proper waste seg-
regation and recycling protocols. Its recommendations also
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reflect Rethink, encouraging teams to reassess standard
practices (e.g., hand scrubbing, kit preparation), although
formal research integration is limited. The EAES/SAGES
Taskforce, with its focus on strategic leadership and system-
level transformation, engages primarily with Research—
calling for multicentre studies on environmental impact—
and Rethink, through educational campaigns that shift sur-
gical culture. The Harvard COAST Group reflects all five
dimensions, particularly Reduce (low-emission anaesthe-
sia, waste minimisation), Reuse (promotion of reprocessed
SUDs and gowns), and Rethink (formation of OR Green
Teams and behavioural nudges). Their toolkits actively
promote Research and Recycle, with dedicated resources
on red bag overuse and waste stream optimisation. The
WEFSA Consensus Statement most explicitly invokes the SR
model, advocating Reduce and Reuse in anaesthetic agents
and equipment, Recycle through improved pack design, Re-
think via clinician leadership in sustainability, and Research
by embedding environmental metrics into quality improve-
ment and academic agendas. Together, these frameworks
demonstrate varying but complementary approaches to im-
plementing the principles of sustainable surgical and anaes-
thetic practice.

An important distinction among the frameworks is the
degree to which they foster cross-disciplinary collabora-
tion. The WFSA Consensus Statement is predominantly
anaesthesia-focused and does not directly address surgi-
cal workflow or OR-wide processes. Conversely, the RCS
Green Theatre Checklist was explicitly designed for use by
multidisciplinary OR teams and encourages shared respon-
sibility across surgical, anaesthetic, and nursing staff. The
Harvard COAST framework adopts a similarly integrated
approach, promoting joint initiatives such as Green Teams
that include surgical and anaesthetic personnel, nurses and
administrators. In contrast, the EAES/SAGES Taskforce
primarily targets surgical leadership, with less emphasis
on interdisciplinary coordination, although its advocacy
and policy strategies have the potential to influence pe-
rioperative systems more broadly. Strengthening cross-
disciplinary engagement remains essential for the effective
implementation of sustainable practices in the OR.

Furthermore, most frameworks offer limited quantitative
data on emissions reduction, waste metrics, or life-cycle
analyses. For example, the RCS Green Theatre Check-
list has only been evaluated in a single UK audit with-
out COz¢ data. The Harvard COAST group reports po-
tential cost savings of up to $56,000 per OR annually
through green practices, but direct emissions data remain
scarce. Overall, the absence of standardised life-cycle as-
sessments or validated metrics limits the ability to compare
effectiveness across frameworks. Among the four frame-
works, the Harvard COAST initiative provides the most
substantial peer-reviewed support, with multiple publica-
tions addressing implementation strategies and cost impli-
cations. However, none of the frameworks currently re-

port longitudinal outcomes or emissions reduction validated
through independent audits or life-cycle analyses. The
EAES/SAGES and WFSA frameworks represent strategic
and professional consensus efforts, but their implementa-
tion impact remains largely untested. These gaps under-
score the need for outcome-based research and standardised
reporting of environmental indicators.

While none of the frameworks is tailored to specific surgical
specialties, their general recommendations can be adapted
to both elective and emergency settings, though applicabil-
ity may vary depending on procedure complexity and re-
source availability.

Despite their strengths, the implementation of these frame-
works is not without challenges. Barriers such as insuf-
ficient carbon literacy, limited institutional support, re-
sistance to behavioural change, and inconsistent procure-
ment policies continue to delay widespread adoption. The
reviewed literature emphasises the need for sustainabil-
ity supporters within clinical teams and the importance of
clear, context-sensitive metrics to measure progress. More-
over, while many interventions demonstrate potential for
cost savings and environmental benefits, high-quality evi-
dence linking these changes to clinical outcomes and long-
term emissions reduction is still limited. Although each
framework provides structured guidance, their limitations
must be critically examined. The RCS Green Theatre
Checklist, for example, demonstrates strong feasibility in
HICs due to its clear, actionable recommendations; how-
ever, its dependence on reusable infrastructure, sterilisation
capabilities, and institutional engagement limits its trans-
ferability to low-resource settings. In contrast, the Harvard
COAST framework was specifically designed with global
equity and LMIC adaptability in mind, offering low-barrier
toolkits and behaviourally focused strategies. Nonethe-
less, the framework’s effectiveness remains largely inferred
from descriptive accounts, with limited formal evaluation
to date. The EAES/SAGES Taskforce offers high-level
strategic leadership and has contributed meaningfully to
standard-setting; however, it remains in the early phases
of implementation and lacks robust empirical data on real-
world uptake or outcomes. Similarly, the WFSA Consen-
sus Statement provides an important foundation for advanc-
ing environmentally sustainable anaesthesia, yet its prin-
ciples are based on expert agreement rather than longitu-
dinal data, and practical guidance on implementation re-
mains limited. Furthermore, while these initiatives collec-
tively emphasise the potential for environmental and eco-
nomic benefits, the current literature lacks high-quality ev-
idence demonstrating measurable reductions in emissions,
clinical outcomes, or cost-effectiveness. This absence of
validated impact data presents a significant limitation and
underscores the need for future research focused on imple-
mentation science, context-specific adaptation, and long-
term evaluation, particularly within LMIC contexts. More-
over, since quantitative implementation data (e.g., adop-
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tion rates, emission reductions) are not yet available for the
frameworks, this limits the ability to include a scoring met-
rics.

These initiatives share a common foundation in the prin-
ciples of waste minimisation (Reduce, Reuse, Recycle),
which are now expanding to include Rethink and Research.
This evolution reflects a deeper commitment to systems
thinking and circular economy models, recognizing that
sustainable surgical care requires a paradigm shift in how
resources are valued and used.

This review provides a structured and comparative analy-
sis of four major international sustainability frameworks in
surgery and anaesthesia, highlighting their feasibility, eq-
uity, and relevance across diverse healthcare systems. By
mapping each initiative to the SR model and incorporat-
ing a thematic evaluation matrix, the study offers a uni-
fied lens for understanding their practical applications. Its
global scope, focus on implementation barriers, and action-
able recommendations for surgical teams and policymakers
enhance its value as a tool to inform sustainable transfor-
mation in the OR. Nevertheless, it has several limitations
inherent to the narrative synthesis approach. First, no for-
mal quality appraisal tools (such as GRADE or AMSTAR)
were applied, due to the heterogeneity and non-standardised
nature of the included materials, which range from check-
lists to consensus statements and implementation toolkits.
As such, the interpretation of feasibility, scalability, and
cross-disciplinary integration was based on publicly avail-
able documentation and author consensus, rather than inde-
pendently validated metrics. Furthermore, the lack of quan-
titative implementation data—such as adoption rates, emis-
sions reduction, or cost-effectiveness—Ilimits the ability to
perform a comparative meta-analysis or assign standardised
impact scores.

Conclusions

The reviewed frameworks offer synergistic pathways to-
ward sustainable surgery. The OR, with its high resource
intensity and relatively controlled environment, represents
a prime setting for piloting and scaling decarbonisation ef-
forts. The integration of practical toolkits, strategic lead-
ership, and global equity considerations provides a robust
platform for surgical teams worldwide to take meaningful
action. Future work should focus on validating these inter-
ventions across diverse settings, fostering behavioural and
cultural change, and embedding sustainability into surgical
education, policy, and quality improvement programs. As
healthcare systems strive to meet net-zero targets, the sur-
gical community must continue to lead by example.

To support this transition, several actionable priorities
based on the frameworks reviewed can be proposed. For
surgical teams, the use of structured tools such as the RCS
Green Theatre Checklist and the formation of multidisci-
plinary Green Teams can enable immediate changes in OR
practices. Hospitals and healthcare administrators should
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prioritise investment in reusable equipment, institutionalise
waste segregation protocols, and incorporate sustainability
targets into routine quality improvement initiatives. For
policymakers and medical societies, promoting sustainabil-
ity education, supporting implementation research, and de-
veloping adaptable, resource-sensitive guidelines are essen-
tial. Strengthening collaboration across surgical, anaes-
thetic, and administrative domains will be critical to embed
sustainability as a core value in perioperative care.
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