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Sammanfattning

Bakgrund: Hilso- och sjukvarden har en betydande miljopaverkan genom héga utslépp av
vixthusgaser. Anestesivard dr forknippad med betydande miljopdverkan genom
inhalationsanestetika, generering av fast avfall samt resurs- och energiintensiva perioperativa
arbetssitt. | USA har Certified Registered Nurse Anesthetists (CRNAs) och Student
Registered Nurse Anesthetists (SRNAs) en viktig roll i implementeringen av héllbara
anestesipraktiker. Det finns dock begransad empirisk kunskap om CRNAs och SRNAs
kunskap, attityder och kliniska arbetssétt relaterade till héllbar anestesivard inom kontexten av
det amerikanska hilso- och sjukvardssystemet.

Syfte: Syftet med studien var att beskriva och undersoka kunskaper, attityder och kliniska
arbetssitt hos CRNAs och SRNAs avseende hallbar anestesivard i South Florida, USA.

Metod: Studien anvénde en huvudsakligen kvantitativ tvirsnittsdesign med inslag av mixed
methods-forskning. Data samlades in genom en anonym webbaserad enkét distribuerad till
CRNAs och SRNAs i South Florida, USA. Enkéten inkluderade fragor med Likertskala samt
Oppna frdgor som undersokte kunskap, attityder och arbetssitt relaterade till hallbar
anestesivard. Kvantitativa data analyserades med deskriptiv statistik, medan kvalitativa svar
analyserades genom deduktiv kvalitativ innehallsanalys for att identifiera aterkommande
teman och mdnster.

Resultat: Totalt deltog 33 personer i studien, varav 7 CRNAs och 26 SRNAs. Bada
grupperna uppvisade generellt positiva attityder till hallbar anestesivard. SRNAs rapporterade
generellt storre exponering for hallbarhetsrelaterad utbildning och hogre sjalvupplevd



kunskap jamfort med CRNAs. Organisatoriska barridrer sdisom produktionspress, begransat
organisatoriskt stod och otillrdcklig kommunikation av héllbarhetsrelaterade riktlinjer
identifierades dock som faktorer som paverkade implementeringen av hallbara arbetssitt.
Aven oro kring patientsiikerhet och infektionsprevention identifierades som faktorer som
paverkade implementeringen. Slutligen lyfte de 6ppna svaren fram utbildning, ledarskapsstod
och institutionellt engagemang som viktiga mgjliggérande faktorer for hillbar anestesivérd.

Slutsats: Bide CRNAs och SRNAs uppvisade positiva attityder till hallbar anestesivard och
uttryckte stod for att integrera miljoméssiga 6verviganden i anestesiologiskt beslutsfattande.
Implementeringen av hallbara arbetssitt framstod dock som inkonsekvent, vilket indikerade
ett glapp mellan attityder och praktisk tillimpning paverkat av organisatoriska och kliniska
barridrer. Med hédnsyn till det relativt begrinsade urvalet bor resultaten betraktas som
explorativa och tolkas med forsiktighet. Okad utbildning, starkare ledarskapsstod och
tydligare hallbarhetsrelaterade riktlinjer kan dirfor vara viktiga faktorer for att stirka
implementeringen av héllbara anestesipraktiker inom den amerikanska hélso- och
sjukvardskontexten.

Nyckelord: Sustainable anesthesia, nurse anesthetists, climate change, perioperative care,
CRNA, SRNA, web-based survey, knowledge, attitudes and practices.



Abstract

Background: Healthcare has a substantial environmental impact through high greenhouse gas
(GHGQG) emissions. Anesthesia care is associated with significant environmental impact due to
inhalational anesthetic gases, solid waste generation and resource- and energy-intensive
perioperative practices. In the United States, Certified Registered Nurse Anesthetists
(CRNAs) and Student Registered Nurse Anesthetists (SRNAs) play an important role in
implementing sustainable anesthesia practices. However, limited empirical knowledge exists
regarding CRNAs’ and SRNAs’ knowledge, attitudes and clinical practices related to
sustainable anesthesia care within the context of the United States healthcare system.

Aim: The aim of this study was to describe and examine the knowledge, attitudes and clinical
practices of CRNAs and SRNAs regarding sustainable anesthesia care in South Florida, USA.

Method: This study used a primarily quantitative cross-sectional survey design with elements
of mixed methods research. Data were collected through an anonymous web-based survey
distributed to CRNAs and SRNAs in South Florida, USA. The survey included Likert-scale
questions and open-ended questions exploring knowledge, attitudes and practices related to
sustainable anesthesia care. Quantitative data were analyzed using descriptive statistics, while
qualitative responses were analyzed using deductive content analysis.

Results: A total of 33 participants completed the survey, including 7 CRNAs and 26 SRNAs.
The SRNAs generally reported greater exposure to formal sustainability-related education and
higher self-perceived knowledge compared with the CRNAs. Both groups demonstrated
generally positive attitudes toward sustainable anesthesia care. In terms of practices, low-flow
anesthesia techniques were commonly reported, while preference for total intravenous
anesthesia (TIVA) for environmental reasons was limited. Organizational barriers such as
production pressure, limited organizational support and insufficient communication of
sustainability-related guidelines were identified as factors influencing the implementation of
sustainable practices. Additionally, concerns regarding patient safety and infection prevention
were also identified as factors influencing implementation.

Conclusion: Both CRNAs and SRNAs demonstrated positive attitudes toward sustainable
anesthesia care and expressed support for integrating environmental considerations into
anesthetic decision-making. However, the implementation of sustainable practices appeared
inconsistent, indicating an attitude—practice gap influenced by organizational and clinical
barriers. Given the relatively small sample size, these findings should be considered
exploratory and interpreted with caution. Increased education, stronger leadership support and
clearer sustainability-related guidelines may therefore be important factors in strengthening
the implementation of sustainable anesthesia practices within the United States healthcare
context.

Keywords: Sustainable anesthesia, nurse anesthetists, climate change, perioperative care,
CRNA, SRNA, web-based survey, knowledge, attitudes and practices.
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Glossary

APRN
ASA
BSN
CRNA
COPD
DNAP
DNP
EBP
FGF
GDPR
GHG
GWP
SRNA
SPRUCE
ICN
IRB
KAP

Low-flow anesthesia

Minimal-flow anesthesia

NCLEX-RN

Sustainable anesthesia

TIVA

Advanced Practice Registered Nurse

American Society of Anesthesiologists

Bachelor of Science in Nursing

Certified Registered Nurse Anesthetist

Chronic Obstructive Pulmonary Disease

Doctor of Nurse Anesthesia Practice

Doctor of Nursing Practice

Evidence-Based Practice

Fresh Gas Flow

General Data Protection Regulation

Greenhouse Gas

Global Warming Potential

Student Registered Nurse Anesthetist

Saving our planet by reducing carbon emissions

International Council of Nurses

Institutional Review Board

Knowledge, Attitude and Practice (Model)

A clinical technique where the total fresh gas flow (FGF) is
reduced (typically to <1.0 L/min), allowing a significant portion of
exhaled anesthetic gases to be rebreathed. This minimizes both
atmospheric waste and financial costs.

A specialized form of low-flow anesthesia where the fresh gas
flow (FGF) is decreased even further (typically to 0.5 L/min) to
maximize system efficiency and reduce gas consumption to the
safest minimum.

National Council Licensure Examination for Registered Nurses
An approach to anesthesia care that balances clinical safety with a
commitment to minimizing environmental impact, specifically by
reducing greenhouse gas emissions, anesthetic gas waste and
single-use plastic waste.

Total Intravenous Anesthesia



Volatile anesthetic gases Halogenated liquid agents (such as desflurane, sevoflurane, and

WAG
WEFSA
WHO

isoflurane) that vaporize into gas to induce or maintain general
anesthesia; these agents are potent greenhouse gases that
contribute to climate change when exhaled into the atmosphere.
Waste Anesthetic Gases

World Federation of Societies of Anesthesiologists

World Health Organization
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Introduction

The healthcare sector’s commitment to the principle of “first, do no harm,” a central ethical
foundation of medicine rooted in the Hippocratic Oath, stands in contrast to the substantial
environmental footprint associated with its activities. While the mission of healthcare is to
promote health and wellbeing, the resources currently required contribute significantly to
environmental degradation (Healthcare Without Harm, 2019). Anesthesia care contributes
substantially to the environmental footprint of healthcare through the release of potent
greenhouse gases (GHGs) and the generation of large volumes of solid waste (Xiao et al., 2021).
Although inhalational anesthetic gases account for a relatively small proportion of total global
GHG emissions, they possess exceptionally high global warming potential and long
atmospheric lifetimes.

Healthcare professionals are generally aware of the health risks associated with climate change,
but are less aware of healthcare’s own contribution to the issue (Caraballo-Betancort et al.,
2025). Anesthesia providers are considered key contributors to the implementation of
environmentally sustainable practices within perioperative care. Furthermore, leadership,
education, and interdisciplinary collaboration have been identified as essential components in
achieving sustainable anesthesia practice (White et al., 2022).

Nurse anesthetists are a central part of the anesthesia team and are involved in all phases of
anesthesia care (Swedish Association for Anesthesia and Intensive Care Nurses, 2021). In the
United States, nurse anesthetists are increasingly recognized as important contributors and
leaders in the transition toward sustainable anesthesia care (Hansen et al., 2023). As healthcare
systems face growing environmental health challenges, new approaches to sustainable clinical
practice are required. In this transition, nurse anesthetists play an important role in promoting
and implementing environmentally sustainable anesthesia care.

Background

Effects of climate change on health

Besides the loss of biodiversity and ecosystem stability, climate change has substantial negative
effects on human health. It is considered the most significant global health threat of the 21st
century, impacting human health and wellbeing through various direct and indirect pathways
(Costello et al., 2009). Examples of direct health impacts of climate change include weather
phenomena such as extreme heat, storms, hurricanes, flooding and wildfires. Indirect health
impacts may manifest through infectious diseases, poor air quality, allergies and water and food
scarcity (Healthcare Without Harm, 2019; UK Health Security Agency, 2023).
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According to the World Health Organization (WHO), one quarter of the global burden of
disease and mortality is caused by known avoidable environmental risk factors. Fossil fuel
combustion is the primary driver of climate change, and air pollution poses one of the greatest
environmental threats to human health, causing approximately 6.7 million premature deaths
annually. The WHO estimates that 99 percent of the world’s population lives in areas exceeding
their Air Quality Guidelines, with the burden of air pollution disproportionately affecting
vulnerable populations in low- and middle-income countries to 89 percent. Despite growing
evidence regarding the health impacts of climate change, important knowledge gaps remain
regarding effective implementation of health-protective strategies (World Health Organization,
2020a; World Health Organization, 2025).

Climate change and health care

As climate change increasingly threatens global health, healthcare systems play a central role
in responding to the resulting health crisis and protecting public health (Watts et al., 2018). The
healthcare sector is estimated to account for approximately 4.4 to 5.2 percent of the global net
GHG emissions. If considered a country, the healthcare sector would constitute the fifth-largest
source of GHG emissions globally (Healthcare Without Harm, 2019).

Emissions from the healthcare sector are characterized based on different scopes: direct
emissions, indirect emissions and supply chain emissions. Direct emissions originate from
healthcare facilities and account for approximately 17 percent of the sector’s global footprint.
Indirect emissions stem from energy consumption and account for approximately 12 percent.
The largest contributor to the healthcare sector’s climate footprint, accounting for
approximately 71 percent of net GHG emissions, originates from the supply chain, including
transportation and production of pharmaceuticals and medical devices (Healthcare Without
Harm, 2019).

The WHO calls for a need to “green the healthcare sector” in order to limit its negative impact
on global health and the environment (World Health Organization, 2020a). In line with the Paris
Agreement, the healthcare sector is required to work toward achieving net zero GHG emissions
by 2050 or earlier (World Health Organization, 2020b). Furthermore, the 2030 Agenda of
Sustainable Development emphasizes the implementation of preventive strategies aimed at
addressing environmental health risks at the root rather than reacting to adverse health outcomes
(World Health Organization, 2020a).

The healthcare sector can be viewed as both a significant contributor to climate change, as well
as the main responder to the resulting health impacts. Therefore, the healthcare sector
constitutes both the first and the last line of defense in mitigating and managing these effects.
Consequently, the healthcare sector should be regarded as a key component in the transition to
sustainability in order to safeguard the health of the population it aims to help (World Health
Organization, 2020b).
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Despite increasing awareness of global health challenges, current efforts to reduce the
environmental impact of healthcare systems remain inefficient. At the same time, growing
healthcare demands represent a substantial challenge for the healthcare sector in reducing GHG
emissions (Watts et al., 2018). A transition toward sustainable healthcare practice is necessary
for the healthcare sector in order to protect and promote human health.

Environmental impact of anesthesia care

Anesthesia services represent a significant contributor to the environmental footprint of the
healthcare sector, characterized by high energy consumption, use of disposable materials,
pharmaceuticals with a high carbon footprint and potent GHG emissions (White et al., 2022).
Operating theaters are among the most resource-intensive areas in hospitals. Perioperative
services are estimated to consume 3—6 times more energy than the rest of the hospital and
account for approximately 30 percent of the hospital’s solid waste generation (Samad et al.,
2024; Calvache, 2024).

The most direct environmental impact of anesthesia care comes from volatile anesthetic gases
and nitrous oxide, which are potent GHGs with high global warming potential (GWP) and long
atmospheric lifetimes (Saadat & Raman, 2023). Up to 95 percent of the volatile anesthetic gases
are not metabolized physiologically and are hence almost entirely eliminated through
exhalation unchanged and vented into the atmosphere (Samad et al., 2024). Globally,
pharmaceuticals account for approximately 5 percent of healthcare-related emissions, with
anesthetic gases contributing around 0.6 percent of total emissions alone (Healthcare Without
Harm, 2019). Drew et al. (2021) found in their review that the climate impact of individual
surgical procedures ranged from 6 to 1,007 kg CO: equivalents, with the choice of anesthetic
gas being the primary determining factor.

Among the volatile anesthetic gases, desflurane is the most environmentally damaging,
followed by isoflurane and sevoflurane. The European Union decided to ban desflurane from
January 2026. Desflurane has a global warming potential approximately 2,500 times greater
than carbon dioxide and is therefore classified as a “climate super pollutant.” The EU ban
involves prohibiting its use for all medical procedures except in situations where it is deemed
medically necessary. This effectively removes desflurane from routine clinical practice across
EU member countries and illustrates the increasing recognition that anesthetic agents with
extremely high GHG emissions must be phased out (European Union, 2024). Nitrous oxide has
both a high GHG impact and is also a leading contributor to stratospheric ozone depletion
(McGain et al., 2020). Recent research has revealed that 70 to 95 percent of hospital nitrous
oxide may be lost through pipeline leakage before reaching the patient, emphasizing the
importance of effective infrastructure in reducing unnecessary emissions and environmental
impact (Tan et al., 2025).
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Waste management processes also account for a substantial proportion of the toxicity-related
environmental impacts associated with the healthcare sector. According to the WHO (2020a),
healthcare waste contributes to more than 85 percent of ecotoxicity-related impacts and over
50 percent of the impacts related to human health toxicity, highlighting the importance of
sustainable waste management practices (World Health Organization, 2020a). McGain et al.
(2020) estimate that approximately 50 percent of prepared intravenous drugs in perioperative
care often go unused and are therefore discarded. Propofol, one of the most commonly used
anesthetic medications, has been shown to persist in the environment and exhibit toxicity
toward marine life (Caviglia et al., 2025).

The United States healthcare system and its environmental impact

The United States has the most costly healthcare system in the world, with healthcare spending
nearly twice that of many European countries. Despite the high level of investment, the country
does not demonstrate corresponding healthcare benefits (Eckelman & Sherman, 2016).
Globally, developed countries have the highest shares of healthcare-related GHG emissions
(World Health Organization, 2020b). The United States healthcare sector is a major contributor
to environmental degradation, accounting for 25 percent of the global healthcare-related GHG
emissions, the largest proportion attributed to any single country globally (Iyer et al., 2022).
The United States healthcare sector accounts for approximately 9—10 percent of total national
GHG emissions, compared with 3—4 percent in other developed countries (Eckelman &
Sherman, 2016).

Within the United States, the healthcare sector is a significant contributor to air pollution. It is
estimated that the environmental impact of healthcare contributes to 12 percent of acid rain, 10
percent of smog, 9 percent of air pollutants and 1 percent of stratospheric ozone depletion. This
is estimated to cause a comparable magnitude of deaths to those caused by preventable medical
errors within the country, which are recognized as one of healthcare’s most significant
challenges (Eckelman & Sherman, 2016).

Furthermore, the United States remains among the world’s largest contributors to GHG
emissions associated with volatile anesthetic use (Caviglia et al., 2025). Historically, a high
preference for the use of desflurane has been reported in the United States, resulting in up to
ten times higher emissions compared with European hospitals that avoid the volatile gas (Drew
etal., 2021).

Moreover, in the United States, hospitals represent the second most energy-intensive category
of commercial buildings (Eckelman & Sherman, 2016). Hence, the United States healthcare
sector is considered to have a greater challenge in achieving a system-wide transition toward
sustainability compared with many other healthcare systems. One reason is that the structure of
the United States healthcare system is regarded as more fragmented and market-driven
compared with other developed countries. Systematic inefficiencies and overuse are
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increasingly recognized as primary drivers of healthcare’s high environmental footprint, rather
than unavoidable consequences of healthcare delivery (Eckelman & Sherman, 2016).

Public Health Implications of Climate Change in South Florida

Driven by its low topography, subtropical climate, porous limestone geology and dense coastal
development, South Florida is widely seen as an exceptionally climate-vulnerable territory
(Bloetscher et al., 2016). An area that includes Miami-Dade, Broward, Palm Beach, and
Monroe counties, This region supports nearly 5.6 million residents and represents one of the
fastest-growing yet ecologically threatened places in the United States (Florida Public Health
Institute, 2014).

Furthermore, ocean expansion heavily threatens the south Florida region, where sea levels are
projected to increase by 6—10 inches by the year 2030 (Miami-Dade County, 2016). Within the
local area, Broward County is considered one of the most severely endangered zones regarding
the water rise (Broward County, 2025). These shifts expected to affect groundwater systems,
increase flood risk and threaten drinking water supplies through saltwater intrusion (Groves et
al., 2018).

The region’s climate vulnerability has direct implications for public health. Several hotspots
have been identified where geographic, social, and medical vulnerabilities overlap, increasing
the risk of conditions such as chronic obstructive pulmonary disease (COPD), asthma, vector-
borne diseases, and waterborne diseases (Florida Institute for Health Innovation, 2016).
Bloetscher et al. (2016) highlight that climate change increases the risks to public health in
South Florida, particularly among vulnerable populations. In Miami-Dade County, a
considerable proportion of the elderly population, nearly 20 percent, lacks health insurance or
lives in poverty. Such socioeconomic factors compound their exposure, limiting healthcare
access during upcoming climate-related events Bukvic & Borate, 2023). This situation
generates a "double burden" where financial instability and aging housing stock, built before
1980, lead to physical entrapment. Consequently, even minor "nuisance flooding" can isolate
older adults experiencing restricted mobility from essential healthcare (Bukvic & Borate, 2023).
Such challenges increase the pressure on the healthcare system in the South Florida region,
underscoring the need for sustainable and resilient healthcare systems.

Finally, a massive medical network consisting of several prominent healthcare providers
characterizes the region. As an institutional pillar, Baptist Health South Florida reports over 3.5
million patient encounters annually and maintains a workforce of roughly 29,000 employees
(Baptist Health, 2026). Other key providers include Jackson Health System, Which represents
one of the largest public health systems, as well as Memorial Healthcare System, Broward
Health and the University of Miami Health System (Jackson Health System, 2025; Memorial
Healthcare System, 2026; Broward Health, 2026; University of Miami Health System, 2026).
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Sustainable anesthesia

Clean energy use, preventative interventions and improved efficiency are key factors in
achieving sustainability within the healthcare sector. Urgent and concrete actions are required
to achieve meaningful progress (Watts et al., 2018). The World Federation of Societies of
Anesthesiologists (WFSA) has established a global consensus on environmentally sustainable
anesthesia. Three underlying statements were identified: patient safety should not be
compromised by sustainable anesthesia practice; collaboration between countries is necessary
to support the delivery of sustainable anesthesia; and healthcare systems should be mandatorily
regulated to reduce their contribution to global warming (White et al., 2022). The consensus
also outlines principles intended to guide anesthesia providers worldwide. These include
minimizing the environmental impact of clinical practice, using environmentally preferable
medications and equipment, reducing waste and overuse, integrating sustainability into research
and education and promoting leadership and collaboration across healthcare systems and
industries (White et al., 2022).

A recommendation from the American Society of Anesthesiologists (2024a) is the use of total
intravenous anesthesia or regional anesthesia techniques instead of volatile anesthetic gases
whenever clinically appropriate. According to Lam and Wong (2023), regional anesthesia
techniques should be considered over general anesthesia when possible, while TIVA should
serve as a preferable alternative to volatile anesthetics due to its lower environmental impact.

Although TIVA requires the use of disposable materials, such as plastic syringes, glass vials
and monitoring equipment, life cycle assessments have shown that TIVA with propofol and
remifentanil results in significantly lower carbon emissions compared with volatile-based
anesthesia. Consequently, TIVA is promoted as a key strategy to reduce climate impact in the
operating room, provided that wastage of drugs and equipment is minimized.

Further sustainability improvements may also be achieved through the integration of reusable
equipment within TIVA practice. Research by Karlsson et al. (2024) demonstrated that the
environmental benefits of TIVA may be further enhanced through the use of reusable infusion
sets. This approach offers a robust opportunity for decarbonization within perioperative care by
reducing GHG emissions, solid waste and medical waste generation. Furthermore, reported
benefits related to time savings and cost reduction suggest that sustainability initiatives may be
both environmentally and economically beneficial.

In modern anesthesia care, transitioning to low-flow anesthesia (fresh gas flows of <1 L/min)
and minimal-flow anesthesia (fresh gas flows of 250-500 mL/min) is one of the most effective
strategies to reduce the environmental footprint (Brattwall & Warrén-Stomberg, 2012). A
systematic review by Hammer et al. (2025) shows that departmental green interventions, where
reduced fresh gas flows are a central component, can decrease total carbon dioxide equivalent
(CO2e) emissions per anesthetic by an average of 68 percent.
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Beyond the choice of anesthetic technique, perioperative care also generates substantial
material waste. Plastics constitute an estimated 48% of the anesthetic waste stream, and
addressing this requires a circular approach that prioritizes waste reduction at the source
(McGain et al., 2009). Up to 25 percent of anesthesia waste is potentially reusable, yet recycling
rates remain low due to infection control concerns and lack of facilities (White et al., 2022).
Since avoiding waste production is one of the most effective way to decrease environmental
impact, practical measures such as minimizing unnecessary packaging, selecting reusable
products and avoiding routine preparation of medications that risk being discarded are central
to more sustainable care (Geyer et al., 2017; Mankes, 2012).

According to the WHO (2020b), sustainable consumption and production in healthcare requires
improving resource efficiency, reducing waste and integrating circular economy principles.
Clean energy, preventative interventions and operational efficiency are therefore key factors
for a sustainable healthcare sector. To structure practical sustainability efforts within the
operating room, the "6 Rs" framework: rethink, refuse, reduce, reuse, recycle and research can
be applied. This framework aims to minimize the extensive waste production in healthcare,
which is estimated to be approximately 0.5 kg per hospital bed per day (Lam & Wong, 2023).

Anesthesia providers are uniquely positioned to reduce healthcare’s climate impact through the
choice of anesthetic agents, optimization of gas flows, waste reduction and educational
initiatives (American Society of Anesthesiologists, 2024; Varughese & Raza, 2021).

The role of nurse anesthetists and sustainability

Healthcare professionals, together with infrastructure, constitute the foundation upon which all
climate change adaptation and mitigation interventions depend. Healthcare leadership can
promote a culture of sustainability and encourage environmentally responsible practices.
Educational efforts have previously emphasized adaptation to climate change rather than
mitigation. However, healthcare professionals are being trained to manage the consequences of
climate change, but less frequently to reduce healthcare’s own environmental impact (World
Health Organization, 2020a; World Health Organization, 2025).

Many healthcare professionals report insufficient practical skills for integrating climate
considerations into healthcare practice. While some progress has been made, these initiatives
remain exceptions rather than part of standard practice (World Health Organization, 2025).
Rajagopalan et al. (2023) emphasize that healthcare professionals’ knowledge, attitudes and
engagement are crucial for translating sustainability goals into everyday practice. Anesthesia
providers are responsible for up to 25 percent of all waste generated in the operating room and
therefore play an important role in implementing environmentally sustainable practices (Saadat
& Raman, 2023). McGain et al. (2020) highlight that reflecting on one’s personal carbon
footprint as an anesthesia provider is essential for understanding and reducing the
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environmental impact. Active participation among anesthesia providers in sustainability-related
initiatives and implementation strategies is considered vital, and leadership is encouraged in the
development of sustainable anesthesia practices (McGain et al., 2020; White et al., 2022)

According to the WHO (2025), nurses represent nearly half of the global healthcare workforce.
In their professional role, they are expected to act as stewards of environmental sustainability.
The International Council of Nurses (2021) underscores the professional responsibility of
nurses to lead and participate in initiatives aimed at reducing the environmental impact of
healthcare. Furthermore, environmental responsibility in nurse anesthesia practice is regarded
as a fundamental aspect of the profession and its ethical role (Swedish Association of Nurses,
2021).

Previous research has shown that nurses generally possess great knowledge regarding the health
impacts of climate change. However, many report low levels of preparedness due to limited
training opportunities (World Health Organization, 2025). Additionally, Bérubé et al. (2024)
explain that there is an urgent and substantial demand for nurses to receive appropriate training
regarding climate change threats to health and sustainability initiatives. Moreover, Caraballo-
Betancort et al. (2025) highlight the need for contextualized training and emphasize the
importance of further investigation within specific healthcare professional groups and
specialties at both national and subnational levels.

The role and scope of nurse anesthesia practice vary internationally depending on national
healthcare systems, educational requirements and regulatory frameworks. In the United States,
nurse anesthetists are licensed as Certified Registered Nurse Anesthetists (CRNAs), advanced
practice registered nurses (APRNs) who provide anesthesia care across a range of clinical
settings and who have completed graduate-level education and training in the field of
anesthesia. Prior to certification, individuals undergo a 3-year-long education and training as
SRNAs.

CRNA

As advanced practice specialists, CRNAs are highly skilled healthcare professionals qualified
to administers anesthesia. They provides care before, during and after surgical, therapeutic,
diagnostic and obstetrical procedures (AANA, 2025; ASRAPM, 2026). After completing an
accredited program, CRNAs must fulfill national certification requirements and obtain state
licensure. This process guarantees that all administered anesthesia care aligns strictly with
established professional and regulatory standards (AANA, 2025). CRNAs are advanced
practice nurses educated at the graduate level, most commonly holding a Master of Science in
Nursing (MSN) or a Doctor of Nursing Practice (DNP) (COA, 2025). This high level of clinical
independence is grounded in their advanced graduate-level education (AANA, 2025; COA,
2025). Internationally, nurse anesthetists often practice with more limited autonomy, making
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the high degree of independent practice seen among CRNAs in the United States relatively
uncommon (AANA, 2025; ICN, 2021).

In the United States, CRNAs practice with a high level of professional independence and are
qualified to make their own decisions regarding all aspects of anesthesia care (AANA, 2025).
They are directly responsible for clinical decision-making, risk management and patient
outcomes throughout the perioperative process (AANA, 2025). Full practice authority is
granted in more than 20 states alongside Washington, DC, While 25 states and Guam have
opted out from federal Medicare supervision mandates. This demonstrating broad recognition
that CRNAs can safely provide high-quality anesthesia care independently (Centers for
Medicare & Medicaid Services, 2001; AANA, 2025).

A CRNA is an advanced practice registered nurse who has completed graduate-level education
and training in the field of anesthesia. CRNAs are qualified to deliver the full spectrum of
anesthesia services and pain management in every type of healthcare setting (AANA, 2025).
They work in collaboration with anesthesiologists and other healthcare professionals to ensure
that patients receive safe, effective and high-quality anesthesia care (ASRAPM, 2026). CRNAs
play a vital role in the healthcare system by providing anesthesia services in a variety of settings,
including hospitals, ambulatory surgery centers, dental offices and clinics (ASRAPM, 2026).
The CRNA administers and monitors anesthesia and is responsible for managing any
complications that may arise. After the procedure, the CRNA monitors the patient's recovery
and provides post-operative care (ASRAPM, 2026).

CRNAs are an integral part of the surgical team and are dedicated to provide safe and high-
quality anesthesia care to patients (AANA, 2025). Their clinical decision-making, from the
choice of anesthetic technique to the management of equipment and materials, directly shapes
not only patient outcomes but also the environmental footprint of the care they deliver.

Sustainability is not addressed in the Council on Accreditation of Nurse Anesthesia Educational
Programs (COA) accreditation standards or educational requirements. Because it is not
included in these documents, it does not appear as a formal or standardized part of nurse
anesthesia education (COA, 2025). Given their independent practice authority, CRNAs are in
a position to influence sustainability in anesthesia, although formal education on this topic is
not yet standardized.

SRNA

An enrolled student in a graduate-level nurse anesthesia program is known as a student
registered nurse anesthetist, SRNA, and their ultimate goal is to qualify as a certified registered
nurse anesthetist, CRNA (AANA, 2025; COA, 2025). SRNAs are highly trained nursing
professionals in the making, undergoing academic and clinical preparation to administer
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anesthesia and provide care before, during and after surgical, diagnostic or obstetrical
procedures (AANA, 2025; COA, 2025).

To become an SRNA, one must obtain a Bachelor of Science in Nursing (BSN) and successfully
complete the National Council Licensure Examination for Registered Nurses (NCLEX-RN).
Furthermore, admission requires at least one year of full-time nursing experience within critical
care intensive care environments-typically an intensives care unit. Where, Candidates vital
skills from managing acutely ill patients and operating advanced technologies (AANA, 2025;
COA, 2025). The program typically lasts three years and results in a doctoral degree, such as a
Doctor of Nursing Practice (DNP) or a Doctor of Nurse Anesthesia Practice (DNAP) (COA,
2025).

SRNAs focus on learning under the supervision of licensed CRNAs and anesthesiologists while
integrating theoretical coursework with intensive clinical rotations across a variety of healthcare
settings, such as outpatient centers, intensive care units, labor and delivery wards and operating
rooms (AANA, 2025; COA, 2025).

During these hands-on experiences, they are responsible for performing pre-anesthetic
assessments, developing care plans and preparing and administering anesthesia. Additionally,
SRNAs monitor vital signs, adjust anesthetic levels, document care, manage patient airways,
handle emergencies and provide post-anesthesia care to ensure a safe emergence from
anesthesia (AANA, 2025).

Although they are still classified as students, their role is demanding and essential, and they are
gradually trusted with more independence as they progress through their program (AANA,
2025). Ultimately, the clinical experiences acquired throughout their training directly shape
their future independent practice as CRNAs, heavily influencing the anesthetic techniques and
clinical judgments they will later make (AANA, 2025). As future CRNAs, SRNAs will
eventually assume responsibility for clinical decisions that influence the environmental impact
of anesthesia, such as anesthetic agent selection, gas-flow management and equipment use.
Although sustainability has become an increasingly recognized aspect of anesthesia practice, it
is not included in COA’s accreditation standards. At the same time, international guidelines
highlight the need for education in sustainable anesthesia, suggesting that future providers such
as SRNAs may increasingly benefit from training in this area (COA, 2025; WFSA, 2025).

Theoretical framework — evidence-based practice

The theoretical framework chosen for this study is evidence-based practice (EBP). EBP is
defined as the systematic integration of the best available scientific evidence with clinical
expertise and patients’ individual needs and preferences (Willman et al., 2016). Central to this
framework is the recognition that EBP constitutes an ethical obligation to promote patient
safety, as the integration of scientific evidence and clinical expertise is inextricably linked to
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ethical accountability (International Council of Nurses, 2021). When nurse anesthetists
deliberately prioritize interventions supported by scientific evidence over tradition, routine or
personal preferences, it underscores that patient safety is not only a clinical concern but also a
fundamental matter of ethical responsibility.

EBP is one of the core competencies of nursing and requires the ability to formulate clinical
questions, identify relevant evidence and apply research findings in practice to ensure safe and
high-quality care (Swedish Society of Nursing, 2024). This responsibility is further emphasized
within the nurse anesthesia profession, where practitioners hold an independent responsibility
to lead and base their practice on scientific evidence and clinical expertise. This integrative
approach is particularly important in nurse anesthesia practice due to the complexity of the
clinical environment, which is characterized by rapidly changing situations that require prompt
decision-making with direct implications for patient safety (Swedish Association for
Anesthesia and Intensive Care Nurses, 2021).

In the context of the United States, EBP is also recognized as a cornerstone of clinical
excellence and professional accountability in anesthesia care. For example, the American
Society of Anesthesiologists (ASA) highlights that EBP is a rigorous process in which clinical
expertise is integrated with the current highest-quality research evidence (Apfelbaum & Connis,
2019).

Knowledge, attitudes and practices

This study is based on the knowledge, attitudes and practices (KAP) model. The KAP-model
offers a systematic approach to assessing current levels of knowledge within a population
regarding a specific healthcare-related topic. The model is a foundational tool and is often used
in health research (Zarei et al., 2024). The International Centre for Local Democracy (2026)
explains that the KAP-model can help to identify knowledge gaps, misconceptions and cultural
beliefs. By understanding these factors, interventions can be developed to build trust and
engagement and to drive behavior change. In the context of the aim of this study, the KAP-
model was considered an appropriate framework for examining nurse anesthetists’ knowledge,
attitudes and practices related to sustainable anesthesia care.

Problem statement

Research suggests that sustainable anesthesia practices are important for reducing the
environmental impact of healthcare. Previous studies have shown that healthcare professionals
generally express positive attitudes toward sustainability, although knowledge gaps and
organizational barriers may limit the translation of these attitudes into everyday clinical
practice. As CRNAs and SRNAs play a central and increasingly independent role in anesthesia
care within the United States healthcare system, their knowledge, attitudes and practices may
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influence the implementation of sustainable anesthesia care. However, limited empirical
knowledge exists regarding how CRNAs and SRNAs understand and apply sustainability
principles in clinical practice within the United States healthcare context. Therefore, further
research is needed to address this knowledge gap and support the implementation of sustainable
anesthesia practices.

Aim
The aim of this study was to describe and examine the knowledge, attitudes and clinical

practices of Certified Registered Nurse Anesthetists (CRNAs) and Student Registered Nurse
Anesthetists (SRNAs) regarding sustainable anesthesia care in South Florida, USA.

Methods
Study design

This study used a primarily quantitative approach with a cross-sectional survey design. In
addition, the survey included open-ended questions, incorporating elements of mixed methods
research. This enabled both Likert-scale analysis and interpretive analysis of participants’
responses. This design was considered appropriate, as it allowed for the capture of current
practices and perceptions at a single point in time (Flanagan & Beck, 2024). The design aligned
with this study’s aim of examine participants’ knowledge, attitudes and practices related to
sustainable anesthesia care.

Development of the survey

The survey was conducted by the study authors. The aim of the study, to describe knowledge,
attitudes and practices, formed the basis for the development of the structure of the survey
questions. The survey was organized through these three themes and individual questions were
then developed from each theme. The survey was originally developed for use in both the
United States and Sweden, with the intention of including nurse anesthetists from both
healthcare contexts. However, due to practical considerations during the data collection
process, only CRNAs and SRNAs in South Florida, USA, were included in the final study
sample.

The theme of knowledge addressed participants’ self-perceived knowledge and prior education
regarding the topic. In addition, awareness of organizational guidelines related to sustainable
anesthesia care was included. The theme of attitudes explored participants’ perceptions and
beliefs regarding sustainable anesthesia care, including the perceived importance of the subject.
The clinical practice theme included questions related to anesthesia techniques and resource
use, with the aim of capturing participants’ clinical behaviors. In addition, workplace conditions
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and organizational support were included to capture structural factors influencing the
implementation of sustainable anesthesia practices.

Additional open-ended questions were included to allow participants to elaborate on their
responses and to capture further information. Initially, the open-ended questions addressed
barriers and areas for improvement, with a final optional section for additional comments. After
further development of the survey, an additional open-ended question regarding facilitators was
added to capture already existing factors supporting the implementation of sustainable
practices. By combining quantitative data with qualitative insights through open-ended
questions, a more nuanced understanding can be achieved, as recommended in KAP study
guidelines (Zarei et al., 2024).

Together, the authors considered that these themes and questions formulated a comprehensive
assessment of sustainable anesthesia care. The final survey consisted of 15 questions, including
three additional open-ended questions. The complete survey is presented in Appendix 1. The
15 survey questions were organized into three domains corresponding to the KAP model:
knowledge (4 items), attitudes (3 items), and practices (8 items). The 15 questions were
designed as multiple-choice questions using S5-point Likert scales, as this allowed for
examination of attitudes and perceptions (Flanagan & Beck, 2024). Each question had five
response options, ranging from “strongly disagree” to “strongly agree”. An additional response
option, “prefer not to answer”, was included to allow the participants to decline to respond to
specific questions.

All survey questions were voluntary and included the response option “prefer not to answer”.
The survey’s open-ended questions could also be left unanswered. This approach ensured that
participants could choose what information to disclose, thereby supporting their privacy and
autonomy.

Prior to data collection, the survey was reviewed by two supervisors from the University of
Gothenburg and one supervisor from the University of Miami to ensure the relevance and clarity
of the questions. Their feedback contributed to minor revisions and further clarification. For
example, the term “workplace” was expanded to “workplace or clinical education site” to
ensure relevance for both CRNAs and SRNAs. This may have contributed to ensuring that the
questions were clear, unbiased and straightforward, and thereby strengthened the validity of the
instrument. In addition, technical support within Qualtrics was utilized to ensure that the survey
functioned as intended.

Sampling

A purposive (strategic) sampling method was used in this study, as it allowed the researchers
to intentionally select participants with relevant knowledge and clinical experience related to
sustainable anesthesia care (Flanagan & Beck, 2024).
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SRNAs were recruited from the nurse anesthesia program at the University of Miami. These
students were considered to have sufficient clinical training and exposure to contribute relevant
insights into anesthesia practice, as they have continuous clinical internships throughout the
program. The clinical sites where the SRNAs completed their internships were also strategically
selected and served as the setting from which CRNA participants were recruited. These sites
represented six healthcare systems and clinical settings across South Florida.

Exclusion criteria from this study included other healthcare professionals outside the targeted
population (e.g., physiotherapists and physicians) and individuals who were unable to
communicate in English. A total of 84 eligible CRNAs and SRNAs were invited to participate
via email. In addition, a small number of eligible participants were approached in person by the
study authors. Consequently, the total number of invited participants was estimated to be
approximately 90.

Data collection

The data were collected using Qualtrics, a structured web-based anonymous survey. Data
collection took place between April 15 and April 29, 2026, with a total data collection time of
two weeks. The survey required approximately 5—10 minutes to complete for each participant.
Additionally, a poster was developed as an additional way to encourage participation (see
Appendix 2). Finally, an invitation email was sent out by the Director of the Nurse Anesthesia
Program at the University of Miami.

The participants received written information about the purpose and methods of the study prior
to participation, and informed consent was obtained through a check mark on the first page of
the survey confirming their voluntary participation. Additionally, the participants were
informed that they had the option to withdraw from the survey at any time without providing a
reason and without any negative consequences.

A reminder email was sent to invited participants one week after the initial distribution of the
survey to encourage participation. In addition, some participants were personally invited by the
study authors at both educational and clinical sites. Most SRNAs were invited to participate via
email, whereas some CRNAs were also approached directly by the study authors during clinical
placements. It was not possible to determine whether all individuals approached in person had
already received the email invitation.

Data analysis

A total of 40 surveys were submitted to the Qualtrics platform. Two surveys were excluded due
to accidental submission by the study authors, one survey was excluded due to duplication and
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four surveys were excluded due to incomplete responses. In total, seven surveys were excluded
from the final data analysis. The final sample included 33 surveys, of which 7 responses were
from CRNAs and 26 responses were from SRNAs.

The questions were analyzed using descriptive statistics in Qualtrics. For the Likert-scale
questions, the study authors examined the distribution of participants’ responses using
percentage-based diagrams. In accordance with the principles of quantitative data analysis
described by Flanagan and Beck (2024), the responses were compared between the CRNA and
SRNA groups to identify patterns in the data. These patterns supported the interpretation of the
overall response pattern.

The four open-ended questions were analyzed using qualitative content analysis and a deductive
approach informed by the thematic framework underlying the survey question areas (Elo &
Kyngis, 2008). The responses were first reviewed separately and read repeatedly to achieve
familiarity with the data. Recurring patterns across the responses were identified, which
subsequently formed categories, i.e., sorting data describing barriers, facilitators and areas of
improvement, respectively. Quotations were included to highlight the participants’ responses
and increase the trustworthiness. However, demographic characteristics, including gender, age
and professional role, were excluded from the quotations in order to protect participants’
integrity. Full quotations were presented in Appendix 3 under “open-ended questions”. The
qualitative findings were integrated with the quantitative results in the discussion section to
contribute to an overall interpretation of the findings, in accordance with the principles of mixed
methods research (Flanagan & Beck, 2024).

Ethical considerations

The Human Subject Research Office (HSRO) is an administrative unit at the University of
Miami dedicated to protecting the rights of human subjects involved in research (Human
Subject Research Office, 2026). Prior to data collection, the authors completed a self-
certification tool provided by the HSRO to assess whether the study constituted human subjects
research or qualified as a quality improvement initiative. The assessment determined that the
study was classified as a quality improvement initiative and therefore did not require approval
from the Institutional Review Board (IRB) (see Appendix 4).

All data were treated with strict confidentiality and were only accessible to the research team.
This study complied with the General Data Protection Regulation (GDPR), and no identifiable
or sensitive personal data were collected, ensuring the protection of participants’ privacy and
confidentiality (Swedish Authority for Privacy Protection, 2024).

This study followed the ethical guidelines of the Declaration of Helsinki (World Medical

Association, 2024). Participants received written information about the purpose and methods
of the study prior to participation, and informed consent was obtained. Participation was
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voluntary, and participants were informed that they could withdraw from the survey at any time
without providing a reason and without any negative consequences.

Apart from questions regarding participants’ background characteristics, all other questions
were optional, with the alternative “prefer not to answer”. The survey’s open-ended questions
could also be left unanswered. This approach ensured that participants could choose what
information to disclose, thereby supporting their privacy and autonomy.

As the study was based on self-reported information regarding knowledge, attitudes and
practices, no significant physical or psychological risks were anticipated. Participation may,
however, have prompted reflection among participants, potentially influencing their
perspectives on sustainability in future clinical practice. The overall potential risks associated
with participation were therefore considered minimal in relation to the expected value of the
study.

Results

Participants’ background

A total of 33 participants completed the survey, including 7 CRNAs and 26 SRNAs.
Participants were asked to report their age. Among the respondents, 12 participants were 29
years or younger, 18 participants were between 30-39 years old, one participant was between
40-49 years old and two participants were 50 years or older. The majority of participants were
female (n = 24), compared with male participants (n = 9).

The CRNAs were asked to report their years of experience in nurse anesthesia practice,
including years of training. Among the respondents, two participants reported three-five years
of experience, two reported 6-10 years of experience and three reported 10 years or more of
experience. The SRNAs were asked to report which year of the nurse anesthesia program they
were currently enrolled in, of whom five were in their first year, four were in their second year
and 17 were in their final third year of the program.

Participants were also asked to report where they currently practiced or completed clinical
rotations. As participants could select more than one alternative, a total of 43 responses were
obtained from the 33 participants across several healthcare institutions in South Florida,
including university-affiliated, public, and private healthcare systems.
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Knowledge and awareness

After the initial background questions, the survey continued with Likert-scale questions. The
first section explored participants’ knowledge and awareness related to sustainability in
anesthesia care.

D1. Distribution of responses to the question “I feel confident in my ability to sort waste
according to established guidelines.”

57%
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0% 29% 24%
0% 149, - 16% 16%
I 0% 0% [l 0% n 0%
CRNA - Certified Registered Nurse Anesthetist SRNA - Student Registered Nurse Anesthetist
B Strongly disagree Somewhat disagree @ Neutral Somewhat agree @ Strongly agree

B Prefer not to answer

Figure D1

Both groups generally reported confidence in their ability to sort waste according to established
guidelines, although the CRNA group demonstrated greater variation in their responses shown
in Figure D1I.

Among the CRNAs, the majority strongly agreed (57 %, n=4) with the statement, while 29 %
(n=2) somewhat disagreed and 14 % (n=1) strongly disagreed. The SRNA group also
demonstrated generally positive perceptions, with 36 % (n=9) somewhat agreeing and 24 %
(n=6) strongly agreeing that they felt confident in their ability to sort waste correctly.
Meanwhile, 16 % (n=4) responded neutrally, and a smaller proportion somewhat disagreed
(16%, n=4) or strongly disagreed (8 %, n=2).

D2. Distribution of responses to the question “I have received formal education related to
sustainable anesthesia.”
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Figure D2

Perceptions regarding having received formal education related to sustainable anesthesia
differed extensively between the CRNA and SRNA groups in Figure D2.

Among the CRNAs, the majority strongly disagreed (57 %, n=4) that they had received formal
education related to sustainable anesthesia, while 14 % (n=1) somewhat disagreed. In contrast,
14 % (n=1) somewhat agreed and 14 % (n=1) strongly agreed with the statement. The SRNA
group demonstrated a more positive response pattern, with 32 % (n=9) strongly agreeing and
16 % (n=4) somewhat agreeing that they had received formal education related to sustainable
anesthesia care. Meanwhile, 28 % (n=6) responded neutrally, and a smaller proportion
somewhat disagreed (20 %, n=>5) or strongly disagreed (4 %, n=1).

D3. Distribution of responses to the question “I have sufficient knowledge about strategies to
reduce the environmental impact of anesthesia care.”
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B Prefer not to answer
Figure D3

Both groups in Figure D3 generally reported having sufficient knowledge regarding strategies
to reduce the environmental impact of anesthesia care, although the SRNA group showed
slightly more positive and consistent responses.
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Among the CRNAs, 29 % (n=2) strongly agreed and 29 % (n=2) somewhat agreed that they
had sufficient knowledge. Meanwhile, 14 % (n=1) responded neutrally, 14 % (n=1) somewhat
disagreed and 14 % (n=1) strongly disagreed. The SRNA group demonstrated a slightly more
positive response pattern overall, with 28 % (n=7) strongly agreeing and 24 % (n=6) somewhat
agreeing that they had sufficient knowledge regarding strategies to reduce the environmental
impact of anesthesia care. Additionally, 28 % (n=7) responded neutrally and 20 % (n=6)
somewhat disagreed.

D4. Distribution of responses to the question “I am familiar with my workplace’s or clinical
education site’s guidelines and recommendations regarding sustainable anesthesia care.”
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B Prefer not to answer
Figure D4

Perceptions regarding familiarity with workplace or educational site guidelines and
recommendations related to sustainable anesthesia care differed between the CRNA and SRNA
groups, demonstrated in Figure D4.

Among the CRNAs, the largest proportion responded neutrally (43 %, n=3), while 29 % (n=2)
strongly disagreed and 14 % (n=1) somewhat disagreed with the statement. Meanwhile, 14 %
(n=1) strongly agreed and no respondents somewhat agreed. The SRNA group showed a varied
but generally more positive response pattern, with 16 % (n=5) strongly agreeing and 24 % (n=6)
somewhat agreeing that they were familiar with guidelines and recommendations regarding
sustainable anesthesia care. Meanwhile, 24 % (n=6) responded neutrally, 28 % (n=7) somewhat
disagreed and 8 % (n=2) strongly disagreed.

Attitudes

The second section explored participants’ attitudes toward sustainability in anesthesia care.

E1. Distribution of responses to the question “Sustainable anesthesia practices can be
implemented without compromising patient safety.”
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Figure E1

Both groups expressed a strong agreement that sustainable anesthesia practices can be
implemented without compromising patient safety, presented in Figure E1.

Among the CRNAs, 86 % (n=6) strongly agreed and 14 % (n=1) somewhat agreed with the
statement, indicating a clear consensus within the CRNA group. Similarly, the SRNA group
demonstrated a highly positive response pattern, with 84 % (n=22) strongly agreeing, 8 % (n=2)
somewhat agreeing and 8 % (n=2) responding neutrally.

E2. Distribution of responses to the question “Envirommental considerations should be
integrated into anesthetic decision-making.”
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Figure E2

Both groups shown in Figure E2 expressed strong support for integrating environmental
considerations into anesthetic decision-making.

Among the CRNAs, 57 % (n=4) strongly agreed and 43 % (n=3) somewhat agreed with the
statement, indicating unanimous support within the CRNA group. The SRNA group also
demonstrated a highly positive response pattern, where 68 % (n=18) strongly agreed and 20 %
(n=5) somewhat agreed that environmental considerations should be integrated into anesthetic
decision-making. Additionally, 8 % (n=2) responded neutrally and 4 % (n=1) somewhat
disagreed.
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E3. Distribution of responses to the question “As a CRNA or SRNA, I consider sustainable
practices to be a professional responsibility.”
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Figure E3

Both groups generally viewed sustainable practices as a professional responsibility for nurse
anesthetists, demonstrated in Figure E3.

Among the CRNAs, 43 % (n=3) strongly agreed and 43 % (n=3) somewhat agreed with the
statement, while 14 % (n=1) responded neutrally. The SRNA group expressed even stronger
agreement overall, with 68 % (n=18) strongly agreeing, 16 % (n=4) somewhat agreeing and 16
% (n=4) responding neutrally that sustainable practices should be considered a professional
responsibility.

Practices

The third section explored practices related to sustainability in anesthesia care.

C1. Distribution of responses to the question “/ am involved in decision-making regarding the

’

choice of anesthetic techniques in my clinical practice.’
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Figure C1
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Overall, Figure C1 shown that perceptions of involvement were generally positive across both
groups. Although, the response patterns differed between the CRNAs and SRNAs.

The CRNA group reported a high level of involvement, as 71 % (n=5) strongly agreed and 14
% (n=1) somewhat agreed with the statement. However, 14 % (n=1) strongly disagreed. In
comparison, the responses among SRNAs were more evenly distributed, with 35 % (n=9)
strongly agreeing and 35 % (n=9) somewhat agreeing that they were involved in decision-
making. Meanwhile, 27 % (n=7) responded neutrally and 4 % (n=1) strongly disagreed.

C2. Distribution of responses to the question “In my workplace or clinical education site, total
intravenous anesthesia (TIVA) is preferred over inhalational anesthesia for environmental
reasons when clinically appropriate.”
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Figure C2

Figure C2 demonstrated that both groups reported a limited preference for TIVA over
inhalational anesthesia for environmental reasons when clinically appropriate. However, the
SRNAs expressed a slightly higher degree of agreement compared to the CRNAs.

The CRNA group generally disagreed with this statement, with 57 % (n=4) strongly
disagreeing, 29 % (n=2) somewhat disagreeing and 14 % (n=1) responding neutrally. The
SRNA group displayed a similar downward trend, with 42 % (n=11) strongly disagreeing, 19
% (n=5) somewhat disagreeing and 19 % (n=5) remaining neutral. A smaller proportion of
SRNAs reported agreement, with 12 % (n=3) somewhat agreeing and 8 % (n=2) strongly
agreeing.

C3. Distribution of responses to the question “In my workplace or clinical education site,

inhalational anesthetic agents with high environmental impact are avoided when clinically
appropriate.”
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Figure C3

The responses in Figure C3 illustrates whether inhalational anesthetic agents with high
environmental impact were avoided when clinically appropriate were mixed in both groups,
indicating variability in perceived clinical practice.

Among the CRNAs, 14 % (n=1) strongly agreed and 29 % (n=2) somewhat agreed with the
statement, while 29 % (n=2) responded neutrally. At the same time, 14 % (n=1) somewhat
disagreed and 14 % (n=1) strongly disagreed, suggesting that the CRNA group had varied
perceptions. The SRNA group also showed diverse responses, with 15 % (n=3) strongly
agreeing, 15 % (n=3) somewhat agreeing and 23 % (n=7) responding neutrally. Meanwhile, 19
% (n=6) somewhat disagreed and 23 % (n=7) strongly disagreed with the statement.

C4. Distribution of responses to the question “I use low-flow (less than 2L/min) inhalational
anesthesia when clinically appropriate.”
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Figure C4

In Figure C4, both groups reported use of low-flow techniques. Although, the CRNA group
demonstrated a more polarized response pattern.

Among the CRNAs, 43 % (n=3) strongly agreed and 14 % (n=1) somewhat agreed with the
statement. However, 14 % (n=1) responded neutrally and 29 % (n=2) strongly disagreed,
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suggesting variability in practice in clinical settings. A different distribution was observed in
the SRNA group, where 38 % (n=10) strongly agreed and 31 % (n=8) somewhat agreed that
they used low-flow inhalational anesthesia. Smaller proportions reported neutral responses (8
%, n=2), somewhat disagreeing (8 %, n=2) or strongly disagreeing (12 %, n=3), and 4 % (n=1)
preferred not to answer.

CS5. Distribution of responses to the question “In my workplace or clinical education site,
routines for using reusable equipment instead of disposable materials are established and
applied when clinically appropriate.”
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Figure C5

Perceptions regarding the establishment of routines for using reusable equipment instead of
disposable materials differed between the two groups, shown in Figure C5.

Regarding this, a majority of the CRNAs reported disagreement, with 43 % (n=3) strongly
disagreeing and 29 % (n=2) somewhat disagreeing, while 14 % (n=1) somewhat agreed and 14
% (n=1) strongly agreed. In contrast, the SRNAs showed a broader spread across the categories,
with 12 % (n=3) strongly agreeing and 35 % (n=9) somewhat agreeing. In addition, 27 % (n=7)
gave a neutral response, 12 % (n=3) somewhat disagreed, 12 % (n=3) strongly disagreed and 4
% (n=1) preferred not to answer.

C6. Distribution of responses to the question “In my workplace or clinical education site,
leadership supports sustainability initiatives.”
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Figure C6

Both groups generally perceived some degree of leadership support for sustainability initiatives
shown in Figure C6, although responses varied between the CRNA and SRNA groups.

Among the CRNAs, 43 % (n=3) somewhat agreed with the statement, while 29 % (n=2)
provided a neutral response. Within this group, 14 % (n=1) strongly disagreed and 14 % (n=1)
somewhat disagreed. The SRNAs reported a more diversified set of responses, spanning across
all available options on the scale. In this group, the largest proportion of responses was neutral
at 35 % (n=9), followed by 27 % (n=7) who somewhat agreed and 15 % (n=4) who strongly
agreed. Additionally, 12 % (n=3) somewhat disagreed, 8 % (n=2) strongly disagreed and 4 %
(n=1) preferred not to answer.

C7. Distribution of responses to the question “In my workplace or clinical education site, the
necessary conditions to work sustainably are available.”
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Figure C7

Regarding the CRNA group, the results were dominated by disagreement, with 14 % (n=1)
strongly disagreeing, 57 % (n=4) somewhat disagreeing and 29 % (n=2) providing a neutral
response. A different distribution was evident among the SRNAs, whose responses were spread
more across the entire scale. In this group, 27 % (n=7) strongly agreed and 27 % (n=7)
somewhat agreed that the necessary conditions were in place. Furthermore, 27 % (n=7) gave a
neutral response, while 12 % (n=3) somewhat disagreed and 8 % (n=2) strongly disagreed.

Figure C8. Distribution of responses to the question “In my workplace or clinical education

’

site, waste is sorted according to established routines.’
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Figure C8

Regarding the CRNA group, 29 % (n=2) strongly disagreed and 29 % (n=2) somewhat
disagreed with the statement. In contrast to this, 29 % (n=2) strongly agreed. In addition, 14 %
(n=1) provided a neutral response. A different distribution was evident among the SRNAs,
where 31 % (n=8) strongly agreed and 27 % (n=7) somewhat agreed. Furthermore, 27 % (n=7)
gave a neutral response, while 12 % (n=3) somewhat disagreed and 4 % (n=1) strongly
disagreed.

Open-ended questions

The following section presents the findings from the qualitative analysis of the open-ended
questions related to sustainable anesthesia care. The findings are organized into three
predefined categories, presented below as subheadings. Full quotations are presented in
Appendix 3 under “open-ended questions” .

Perceived barriers to implementing sustainable practices in clinical practice

Several recurring barriers to implementing sustainable anesthesia practices were identified in
the open-ended responses, including lack of knowledge, lack of organizational support,
reluctance to change, efficiency pressures and fear of microbial spread.

A prominent theme was a lack of knowledge, with participants describing insufficient education
regarding sustainable practices. Comments such as “lack of education and resources”
illustrated these perceptions. Organizational and cultural factors were also described, including
lack of support and limited discussion of sustainability within clinical settings. The following
comment exemplifies this perception: “we usually don’t discuss these topics in our clinical
site”.

Participants also described resistance to change and adherence to established clinical routines

as barriers to implementing sustainable practices. One participant described “comfort, laziness,
not being receptive to new initiatives and just sticking to old school minds”. Similarly, some
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participants described sustainability as a low-priority issue within clinical practice, with
comments such as “not many think it's an important issue” illustrating this perception.

Furthermore, time pressure, production demands and expectations of rapid turnover between
surgical cases were described as contributing to unnecessary waste. One participant shared this
comment: “production pressure is a driving force of waste at my clinical. We are expected to
have very quick turnover times between cases, therefore must set up for the next case when in
the case before. This often leads to setting up certain medications and equipment before we
have seen the patient, leading to waste whenever things change after a proper assessment”.

Concerns related to infection prevention were also reported. Participants described fear of
microbial spread and reliance on single-use equipment as barriers to implementing more
sustainable practices. Some respondents also expressed concerns regarding deviating from
established routines and fears of litigation. Furthermore, ease of access to anesthetic gases such
as nitrous oxide was also mentioned as a barrier.

Perceived facilitators for implementing sustainable practices in clinical practice

Several facilitators for implementing sustainable anesthesia practices were identified in the
open-ended responses. Overall, the responses described educational, clinical and organizational
factors as important facilitators for implementing sustainable anesthesia care.

Education and increased awareness were recurring themes, with participants describing
educational sessions, educating colleagues and increasing individual engagement with
sustainability issues as important facilitating factors. This perception was illustrated by
comments such as “educating others” and “trying to get individuals to care about the issue”.

Clinical and practical strategies were other commonly described facilitators. Participants
mentioned avoiding opening supplies and medications until time of use, applying low-flow
anesthesia, reduced use of nitrous oxide and purchasing reusable equipment such as airway
devices and monitoring equipment. Cost reduction and reduced waste were also identified as
potential benefits associated with sustainable practices. One participant expressed “I think that
the purchasing of multi-use supplies from hospitals (although maybe more expensive upfront?)
would decrease the overall amount. Of waste we produce, like with airway
blades/LMAs/monitors etc.”

Institutional initiatives and organizational commitment to sustainability were also highlighted.
Respondents described the importance of leadership, with comments such as “Champions from
leadership are key” illustrated this. One participant described involvement in a sustainability-
focused anesthesia initiative aimed at reducing GHG emissions from volatile anesthetic agents.
Interventions such as removal of nitrous oxide pipeline supply, use of low-flow anesthesia and
cognitive aids for calculating anesthetic gas flow had been implemented.
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Areas for improvement to strengthen sustainability efforts in anesthesia practice

Several suggested areas for improvement to strengthen sustainability efforts in clinical
anesthesia practice were identified in the open-ended responses. Overall, the responses
highlighted educational, practical and policy-related areas as potential opportunities to
strengthen sustainability efforts within anesthesia care.

Education and increased awareness were recurring themes. Participants described a need for
staff education, educational material such as infographics and greater knowledge regarding
sustainable anesthesia practices and environmental impact. Comments such as “Explaining the
environmental impact” and “Infographics” illustrated these perspectives.

Participants also suggested practical improvements. These included minimizing waste
anesthetic gases, implementing low-flow anesthesia techniques, reducing nitrous oxide use,
improving waste sorting and increasing the use of reusable materials. Suggestions related to
infrastructure were also mentioned, such as automatic switches for lights and equipment.
Comments such as “Low flows at Jackson” and “Minimize WAGs, garbage and environmental
impact. Automatic switches for unnecessary lights and other equipment which often stays on
unnecessarily” illustrated these perspectives.

Policy-related and organizational improvements were other recurring themes. Respondents
described the need for established sustainability policies and purchasing strategies involving
multi-use medication vials to reduce waste. Comments such as “/ believe established policies
and purchasing of multi-use medication vials could be a potential area to explore to decrease
medication waste” illustrated this perspective.

At the same time, some participants expressed concerns regarding external regulation of choices
related to anesthesia care and emphasized the importance of maintaining clinical autonomy and
patient safety when implementing sustainability initiatives. Illustrative responses included
comments such as “...the last thing we need or want as anesthesia providers is the epa or
insurance agencies or whoever else to start dictating what anesthetic we can or cannot use and
in what quantity under the guise of “we need to save the planet.”

Methodological discussion

A primarily quantitative approach was chosen to enable the identification of response patterns,
distributions and differences between groups (Flanagan & Beck, 2024). Although the inclusion
of open-ended questions provided complementary qualitative insights into participants’
perspectives, a fully qualitative design could have offered a more in-depth understanding of
individual experiences. However, such an approach would have limited the ability to examine
broader response patterns within the study population. Therefore, the chosen design was
considered appropriate in relation to the aim of the study.
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This study used a strategic sampling approach. This approach enabled the inclusion of
participants with relevant clinical experiences, and by recruiting CRNAs from the same clinical
settings as SRNAs, this could have enhanced contextual consistency within the sample. The
credibility of the study may have been strengthened through the inclusion of participants with
relevant clinical experience and familiarity with anesthesia care. On the other hand, this method
lacked an objective method for selecting participants. Another limitation of this sampling
strategy is that it may have introduced selection bias, potentially limiting the representativeness
of the sample and reducing the generalizability of the findings to other settings and populations
(Flanagan & Beck, 2024).

Although the survey was originally developed to include participants from both the United
States and Sweden, only the United States population was included in the final study.
Consequently, the final sample size was smaller than initially anticipated. With a total of 33
participants, the study has a limited ability to detect statistically significant differences, and
subgroup analyses are therefore not feasible. The findings were instead analyzed at an overall
level across all participants, without subgroup stratification. Given the relatively small sample
size, the findings should be considered exploratory and interpreted with caution.

Approximately 90 individuals were invited to participate, of whom 33 responded,
corresponding to a response rate of 37 %. This relatively low response rate may have introduced
non-response bias, as individuals who chose not to participate may differ from those who did
(Flanagan & Beck, 2024). Consequently, the findings may not fully represent the targeted
population. The low response rate, together with the relatively small sample size, strategic
sampling approach and focus on a specific geographical region in South Florida, may limit the
generalizability, applicability and transferability of the findings to other clinical settings and
populations. However, given the exploratory design of the study, the findings may serve as a
preliminary baseline and support the need for further research in this area.

The study sample was predominantly composed of SRNAs (76 %), resulting in an uneven
distribution between the groups, which may further limit the transferability and applicability of
the findings to other clinical settings and populations. Due to the small number of CRNA
participants, certain graphs were not presented in the results, such as current clinical placement,
to reduce the risk of participant identification. In the graphical presentation of the results, the
small sample size of the CRNA group meant that individual responses had a substantial impact
on the percentage distributions. For example, one participant corresponded to approximately
14 % of the CRNA group. Therefore, percentages were presented together with the
corresponding number of participants (n) throughout the results section.

Participants with a particular interest in or strong opinions about sustainability in anesthesia
care may have been more likely to participate, which may have contributed to selection bias
(Flanagan & Beck, 2024). The sample may therefore have contained an overrepresentation of
individuals with more pronounced or polarized views on the subject.
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The survey of the study was constructed by the study authors and was therefore not formally
validated using a psychometric approach. This constitutes a limitation of this study, since it was
uncertain whether the instrument accurately captured the intended exploration of the aim of this
study. The lack of formal validation may affect both the reliability and validity of the findings
(Repke et al., 2024). However, developing the survey specifically for this study allowed the
authors to tailor the questions to the study aim. In addition, expert review by supervisors prior
to data collection, together with neutrally formulated survey questions, may have strengthened
the quality, neutrality and trustworthiness of the instrument and findings. The inclusion of open-
ended questions also allowed participants to elaborate on their perspectives, which contributed
to a broader understanding of the quantitative findings. While established KAP guidelines
recommend a more extensive instrument validation process, the steps taken during this study
were considered appropriate for the scope of this study (Zarei et al., 2024).

The use of the cross-sectional design of this study does not allow for the establishment of causal
relationships, as data were collected at a single point in time (Flanagan & Beck, 2024). This
limits the ability to draw conclusions about changes over time, as well as cause-and-effect
relationships between variables. However, it enabled the capture of a snapshot of current
knowledge, attitudes and practices, which aligned with the exploratory nature of this study.

Another limitation of this study includes the use of self-reported data. Participants’ perceptions
of their practices may differ from their actual practices, which may introduce response bias
(Flanagan & Beck, 2024). This limitation is consistent with the known challenges of the KAP-
model, including differences between reported and actual practices, which may affect the
reliability of the findings (Zarei et al., 2024). To mitigate this, the survey was conducted
anonymously, participation was voluntary, and the questions were formulated neutrally.
Despite these measures, the risk of response bias cannot be fully excluded.

Participants’ responses may have also been influenced by the normative and ethical dimensions
associated with the topic of sustainability. Social desirability bias may therefore have affected
the participants’ responses, potentially leading to a systematic overestimation of self-reported
knowledge and clinical behaviors (Flanagan & Beck, 2024). The findings were therefore
interpreted as reflecting self-reported behaviors, rather than actual behaviors. As the survey was
not linked to any specific workplace, the risk of participants altering their responses due to
supervisory concerns may have been reduced.

Discussion of the results
Demographics
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Responses from the CRNA and SRNA groups were presented separately to enable comparison
between the groups. However, the small sample size of the CRNA group should be considered
when interpreting differences between the CRNA and SRNA groups.

The CRNA participants generally represented a clinically experienced group, with most
reporting more than six years of experience including educational training. The SRNA
participants primarily consisted of students in the later stages of their education, with most
enrolled in the final year of the program. As SRNAs complete continuous clinical placements
throughout their education, their responses likely reflected perspectives shaped by both
academic training and ongoing clinical practice, including potentially greater exposure to
sustainability-related education (Figure D2).

The participant group primarily consisted of younger individuals, while relatively few
participants represented the older age groups. This may reflect differences in educational
background and years of clinical experience between generations of nurse anesthetists.
Participants represented six different healthcare systems and clinical settings across South
Florida, which may have contributed to variation in organizational experiences and
sustainability practices.

Knowledge and awareness

Waste sorting and workplace sustainability guidelines

Regarding confidence in the ability to sort waste according to established guidelines (Figure
D1), the CRNA group demonstrated divided opinions. Although the dominant response pattern
indicated high confidence in waste-sorting abilities, several responses also reflected low
confidence, suggesting inconsistent implementation of waste-sorting routines and
sustainability-related practices across clinical settings.

A somewhat different pattern was observed among the SRNA responses, which were more
concentrated within the neutral and affirmative response categories. The variation in responses
may reflect inconsistencies in the implementation of sustainable practices within clinical
anesthesia environments. The perceived ability to sort waste correctly does not necessarily
indicate that waste is consistently sorted according to established routines, suggesting that a
possible “attitude-practice gap” between self-perceived knowledge and actual clinical practice
may have occurred.

Xiao et al. (2021) identified incorrect waste sorting as a barrier to sustainable waste
management, with many respondents incorrectly assuming that items that had come into contact
with patients should be sorted as biohazardous waste. Competing priorities such as time
pressure may further reduce the prioritization of sustainability-related tasks (Rajagopalan et al.,
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2023). Open-ended responses containing statements such as “lack of time” may reflect this
phenomenon.

The uncertainty observed regarding waste-sorting practices may also be reflected in the
participants’ familiarity with workplace sustainability guidelines and recommendations, as
differences between the groups became apparent (Figure D4).

The CRNA group demonstrated divided perceptions, with many respondents expressing limited
familiarity or uncertainty regarding workplace sustainability guidelines. This may reflect
inconsistent implementation and communication of sustainability-related policies across
clinical settings, as well as uncertainty regarding the availability and visibility of workplace
sustainability guidelines.

The SRNA group generally appeared more familiar with sustainability-related guidelines,
although neutral and negative responses suggest that sustainability-related practices may not be
consistently implemented or communicated within clinical education sites despite greater
educational exposure.

Previous research has shown increasing integration of sustainability into nursing curricula,
although a gap between education and clinical implementation remains (Alvarez-Nieto et al.,
2022). Similarly, the WHO (2020a) emphasizes the importance of workplace policies and
implementation strategies to support sustainable healthcare practices.

Sustainability-related education and self-perceived knowledge

Differences in sustainability-related education may also be reflected in participants’ self-
perceived knowledge of strategies to reduce the environmental impact of anesthesia care, where
differences between the CRNA and SRNA groups became apparent (Figure D2). Overall, the
CRNA responses suggested limited but variable exposure to formal sustainability-related
education.

Overall, the majority of SRNAs appeared to have received more sustainability-related
education, which may reflect increasing integration of sustainability into nurse anesthesia
training. Open-ended responses, including “education sessions, ” further support the perceived
importance of education. Neutral responses may indicate that existing education was perceived
as insufficient and lacking practical clinical relevance, while implementation barriers may have
limited the translation of theoretical knowledge into practice. Previous research and the WHO
(2025) identify nursing students and newer generations as important drivers of sustainable
healthcare, suggesting that SRNAs may play an important role in future implementation efforts
(Alvarez-Nieto et al., 2022).
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Figure D3 explored participants’ self-perceived knowledge of strategies to reduce the
environmental impact of anesthesia care. Both CRNA and SRNA groups generally reported
having sufficient knowledge, although the SRNA group showed slightly more positive and
consistent responses.

The divided CRNA responses may reflect extensive clinical experience combined with limited
formal sustainability-related education (Figure D2). Their knowledge may therefore have
developed primarily through clinical practice rather than structured education, which is
consistent with open-ended comments such as “lack of education.”

The SRNAs generally reported greater confidence in their sustainability-related knowledge,
which may reflect higher levels of formal sustainability-related education (Figure D2).
However, some disagreement remained, and open-ended comments such as “lack of
knowledge ” suggest that uncertainty persisted despite this educational exposure.

Colak et al. (2025) demonstrated that education had a significant positive impact on nursing
students’ knowledge and attitudes regarding climate change and health. This may partly explain
the more positive responses observed among the SRNAs.

Attitudes

Patient safety and sustainable anesthesia care

The data reveal a strong and consistent conviction among both CRNAs and SRNAs that
sustainable anesthesia practices are compatible with patient safety (Figure E1). Within the
CRNA group, the responses were exclusively distributed between “strongly agree” and
“somewhat agree”, with no other response options selected. A similar trend was observed
among the SRNAs, who mirrored these positive responses, though a small proportion of
participants maintained a neutral standpoint.

This near-unanimous agreement is notable, given that the balance between environmental
sustainability and patient safety has traditionally been perceived as conflicting objectives. The
World Federation of Societies of Anesthesiologists (WFSA) established that sustainable
anesthetic practices must never occur at the expense of patient safety as a fundamental
underlying principle (White et al., 2022). The American Society of Anesthesiologists (2024b)
also emphasized that environmental strategies must never be prioritized over clinical efficacy
or patient safety. These guidelines emphasize that patient safety remains the primary
consideration while supporting the implementation of sustainable anesthesia practices.

The findings are consistent with previous research demonstrating that patient safety and

sustainable anesthesia practices are compatible. Reynier et al. (2021) argued that sustainable
interventions can be implemented without compromising patient safety, while Thomas et al.
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(2023) emphasized the importance of systematic planning and organizational support for
successful implementation.

The slightly higher proportion of neutral SRNA responses (Figure E1) may reflect more
limited clinical experience and educational exposure to the practical implementation of
sustainable anesthesia practices, consistent with previous findings emphasizing the
importance of sustainability education (Gasciauskaite et al., 2024).

Professional responsibility and environmental decision-making

Regarding environmental considerations in anesthetic decision-making and professional
responsibility, the survey results indicate that both CRNAs and SRNAs generally view
sustainability as an important part of their professional role. However, a closer examination of
the two items (Figure E2 and E3) reveals meaningful differences in how this responsibility is
understood across the groups.

CRNAs demonstrated unanimous agreement regarding environmental considerations in
anesthetic decision-making (Figure E2), whereas SRNAs expressed more diverse views. In
contrast, SRNAs demonstrated stronger agreement regarding sustainability as a professional
responsibility (Figure E3).

The findings in Figure E3 suggest that SRNAs may approach sustainability from a stronger
ethical perspective, whereas experienced CRNAs may balance environmental responsibilities
against practical clinical considerations. This interpretation aligns with the ICN Code of
Ethics (International Council of Nurses, 2021). Open-ended responses also reflected a more
cautious perspective, with one participant stating that “we must be careful with these
environmentally friendly initiatives,” suggesting that concerns regarding external regulation
may influence attitudes toward sustainability as a professional responsibility. Similarly,
Kotcher et al. (2021) found that healthcare professionals considered climate change an
important health issue, although practical barriers limited engagement in sustainability-related
Initiatives.

The neutral responses in Figure E3 suggest that sustainability as a professional responsibility
may be difficult to balance with other clinical obligations and institutional constraints.
Similarly, the WFSA recommends developing meaningful and measurable standards to
support healthcare professionals in implementing sustainable practices.

Clinical practices

Clinical autonomy and anesthetic decision-making
On the question of involvement in anesthetic technique decision-making (Figure CI), the
CRNA group reported high engagement, with the majority strongly or somewhat agreeing
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that they participate in such decisions. However, some CRNAs reported limited involvement
in anesthetic decision-making. As evidence-based practice relies on informed clinical
decision-making, variation in autonomy may influence the implementation of sustainable
anesthesia practices (ASA, 2020). Among the SRNAs, the responses were more distributed:
roughly a third strongly agreed, a third somewhat agreed and the remainder were neutral or
disagreed. This distribution is not surprising given their trainee status, as clinical decision-
making autonomy develops progressively during education and some may not yet have
reached the point in their program where such involvement is routine.

White et al. (2022) noted that when anesthesia providers take on leadership roles, they can
better influence hospital policies, buying choices and daily culture toward sustainability. This
suggests that limited decision-making authority may hinder the implementation of sustainable
practices.

This variation in clinical autonomy may influence how practitioners approach sustainable
anesthetic techniques. Figure C2 showed that, despite the positive attitudes toward
sustainability identified in Section E, a preference for TIVA over inhalational anesthesia for
environmental reasons was far from established.

Among CRNAs, 86 % disagreed that TIVA is preferred for environmental reasons when
clinically appropriate, while the remaining respondents were neutral. None agreed with the
statement. The SRNA group showed a similar but slightly less pronounced pattern: 61 %
disagreed, 19 % were neutral and only 20 % agreed (Figure C2). Overall, these findings
suggest that TIVA was not widely preferred for environmental reasons despite generally
positive attitudes toward sustainability. Current recommendations from the WFSA (2025) and
ASA (2024a) support the use of TIVA or regional anesthesia when clinically appropriate,
while also recommending minimization of desflurane and nitrous oxide use. Similarly, Smith
et al. (2022) identified TIVA as an environmentally favorable alternative.

A closely related challenge to this reliance on volatile agents is reflected in the responses to
Figure C3, which evaluated whether agents with high environmental impact are avoided
when clinically appropriate and showed notably mixed responses in both groups. Among
CRNAs, nearly half agreed, roughly one-third were neutral and the remaining disagreed.
Among SRNA, less than a third agreed, nearly a quarter were neutral and the largest portion
disagreed (Figure C3). These distributions suggest considerable variability across clinical
sites in how the avoidance of agents like desflurane and nitrous oxide is practiced.

Similarly, Samad et al. (2024) emphasized that avoiding desflurane and limiting nitrous oxide
use are essential strategies for reducing the environmental impact of anesthesia. The mixed
responses observed in both groups suggest that the implementation of these recommendations
remains inconsistent, possibly reflecting differences in institutional policies and practitioner
knowledge. Similar perspectives were reflected in the open-ended responses, including
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comments such as “ease of access to gases like nitrous oxide that may not be necessary in
everyday clinical practice” and “decrease nitrous oxide use.”

These findings contrast with recent regulatory developments within the European Union,
where updated F-gas regulations have largely phased out desflurane use except under
exceptional circumstances (European Union, 2024). This illustrates how structural policy
measures may accelerate the implementation of sustainable anesthesia practices.

Low-flow anesthesia

Compared with the findings on TIVA and high-impact anesthetic agents, the responses
regarding low-flow anesthesia (Figure C4) were more positive. Both groups largely reported
using low-flow techniques, though with differing response patterns. Among CRNAs, 57 %
agreed (43 % strongly agreeing; 14 % somewhat agreeing) that they use low-flow anesthesia
when clinically appropriate, while 29 % strongly disagreed, indicating a polarized response.
Among SRNAs, 69 % agreed (38 % strongly agreeing; 31 % somewhat agreeing), with only
12 % strongly disagreeing and smaller proportions expressing neutrality or moderate
disagreement (Figure C4). Open-ended comments such as “everyone uses low flow now.
Nitrous is most environmentally detrimental and is rarely used” further illustrated this
phenomenon.

Although low-flow anesthesia offers environmental benefits, barriers such as safety concerns,
limited familiarity and the need for continuous monitoring may hinder its implementation
(Upadya & Saneesh, 2018).

The 29 % of CRNAs who strongly disagreed with using low-flow anesthesia might reflect
established practitioners. They may prefer higher gas flows due to old habits or training that
did not focus on low-flow methods. However, their reluctance could also be linked to safety
concerns about compound A, which is a potentially harmful byproduct that can form when
using the anesthetic sevoflurane (Upadya & Saneesh, 2018). In contrast, the higher and more
consistent agreement among SRNAs likely shows that low-flow anesthesia is now taught as
standard practice in modern education.

Leadership and organizational conditions

Regarding leadership support for sustainability initiatives within workplaces or clinical
education sites (Figure C6), both groups generally perceived some degree of leadership
support. Responses were primarily concentrated within the neutral to affirmative response
categories, although some variation between the CRNA and SRNA groups was observed.

Among the CRNA group, no respondents strongly agreed with the statement, and the majority

of the respondents reported either somewhat agree or neutral responses. This may indicate that
leadership support for sustainability initiatives was perceived as present, although not strongly
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established within clinical practice. Xiao et al. (2021) emphasized that visible leadership
commitment may facilitate the implementation and long-term integration of sustainable
practices.

The large proportion of neutral responses may indicate uncertainty regarding leadership support
and the organizational prioritization of sustainability initiatives. Open-ended comments such as
“we usually don’t discuss these topics in our clinical site” and previous findings by Lodhia et
al. (2024) support this interpretation.

The SRNA responses were more varied and included stronger agreement than those of the
CRNAs. However, the predominance of neutral and “prefer not to answer” responses may
indicate uncertainty regarding leadership support for sustainability initiatives, possibly
reflecting the participants’ role as students within the clinical environment.

The generally more positive SRNA responses may partly reflect greater educational exposure
and awareness of sustainability initiatives (Xiao et al., 2021; Caviglia et al., 2025).

Regarding whether the necessary conditions for working sustainably were available within
participants’ workplaces or clinical education sites (Figure C7), perceptions varied between the
groups. Overall, the CRNA responses were concentrated in the negative categories, while the
SRNA responses were primarily distributed between the neutral and affirmative options.

The CRNA group generally reported disagreement with the statement, suggesting that the
participants perceived insufficient organizational conditions for sustainable practice within
their workplaces. Open-ended responses may further support this interpretation. One participant
described how production pressure and rapid turnover times contributed to unnecessary waste
within the clinical environment “Production pressure is a driving force of waste at my clinical
site... resulting in waste whenever clinical plans change.” This supports previous findings
identifying time pressure and workflow-related demands as major barriers to sustainable
practice (White et al., 2022; Lodhia et al., 2024).

The SRNA responses were generally more positive than those of the CRNAs, which may
reflect greater educational exposure and more limited experience of workflow-related barriers.
However, neutral and negative responses suggest uncertainty regarding the availability of
supportive organizational conditions within clinical education sites. Similarly, Xiao et al.
(2021) emphasized that sustainable resources should be readily available within the clinical
environment.

Reusable materials and waste management
As illustrated in Figure C3, participants were asked whether routines for the use of reusable
equipment instead of disposable materials were established and applied within their workplaces
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or clinical education sites. The results reflected divided perceptions and varying response
patterns between the groups.

The CRNA group predominantly reported disagreement with the statement, suggesting limited
implementation of reusable equipment within clinical practice. Open-ended responses,
including “culture of disposability” and “one time use instruments may aid in infection
prevention and decrease microbial spread,” may indicate that concerns regarding infection
prevention and patient safety influence the use of reusable materials. Similar perspectives were
described by White et al. (2022), who noted that single-use devices have historically dominated
anesthesia practice due to concerns regarding infection control, practitioner preferences and
market availability, despite limited evidence that they reduce infection transmission. The
CRNA findings may therefore reflect persistent concerns regarding the implementation of
reusable materials in clinical anesthesia practice.

Despite these concerns, disposable anesthesia materials contribute substantially to healthcare
waste and environmental impact. Operating rooms generate large amounts of waste, much of
which consists of plastics and single-use materials (Xiao et al., 2021). Furthermore, the WHO
has emphasized the importance of sustainable consumption and production to reduce resource
use and waste generation (Healthcare Without Harm, 2019; World Health Organization,
2020a).

Within the SRNA group, responses were primarily distributed across the neutral and affirmative
response categories, which may partly reflect greater exposure to sustainability-related
education. However, neutral responses may also indicate limited clinical experience and
uncertainty regarding the feasibility of replacing single-use materials with reusable alternatives.
Open-ended responses, including comments such as “...balancing demonstrating preparedness
as a student and overusing too many supplies that lead to waste,” further support this
interpretation and suggest that “over-preparedness” may contribute to unnecessary waste
generation among SRNAs. Clinical expectations related to patient safety may therefore
contribute to unnecessary waste generation, with studies showing that approximately 50 % of
resuscitation drugs prepared during anesthesia care remain unused (Xiao et al., 2021).

Disagreement may also reflect awareness of areas for improvement, supported by open-ended
suggestions such as “purchasing of multi-use medication vials could be a potential area to
explore to decrease medication waste.”

At the same time, skepticism toward sustainability initiatives was reflected in open-ended
responses expressing concern that environmental regulations could limit clinical autonomy.
Xiao etal. (2021) identified fear of legal repercussions as a barrier to sustainable practice, which
may partly explain these views and represent an important implementation barrier within the
United States healthcare context.
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The final question of the survey explored whether waste was sorted according to established
routines at the participants’ workplaces or clinical education sites (Figure C8). The response
patterns varied in both groups. The CRNA responses were distributed across the outer ends of
the scale, indicating polarized perceptions, while the SRNA responses were primarily situated
within the neutral to affirmative response categories.

The CRNA group demonstrated a predominance of negative responses, suggesting that waste
was generally not perceived to be sorted according to established routines within their
workplaces. In relation to Figure D1, where the CRNAs reported high confidence in their ability
to sort waste correctly, these findings may indicate a discrepancy between individual awareness
and practical implementation. Open-ended responses, including “not many think it's an
important issue” and “I think many individuals do not care about environmental impact,”
further suggest that low organizational prioritization may influence waste-sorting practices.
Limited familiarity with workplace sustainability guidelines (Figure D4) may also contribute
to this discrepancy, consistent with previous findings regarding organizational barriers to
sustainable healthcare practices (Lodhia et al., 2024).

The SRNA responses were primarily affirmative (Figure C8), although neutral and negative
responses may suggest uncertainty regarding the consistent implementation of waste-sorting
routines within clinical education sites. Similar response patterns in Figure D4 may indicate
that familiarity with workplace sustainability guidelines influences these perceptions and
reflects limited organizational communication and visibility of sustainability initiatives,
consistent with findings by Lodhia et al. (2024).

Clinical implications and evidence-based practice

The findings suggest that increased sustainability-related education, stronger leadership
engagement and clearer communication of workplace guidelines may strengthen the
implementation of sustainable anesthesia practices within the United States healthcare
context. These findings align with previous research highlighting the importance of education,
organizational support and institutional commitment for successful sustainability initiatives.
From an evidence-based practice perspective, the integration of current scientific evidence,
clinical expertise and organizational support may facilitate the translation of sustainability-
related knowledge and positive attitudes into routine clinical practice.

Generalizability

The generalizability of the findings should be considered in relation to the relatively small
sample size and the regional focus on South Florida, particularly the limited number of
CRNA participants. Organizational structures, educational programs and workplace cultures
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may also influence sustainability-related knowledge, attitudes and clinical practices, limiting
the transferability of the findings to other settings.

Despite these limitations, participants represented six different healthcare systems and clinical
education sites, providing perspectives from diverse clinical environments. Furthermore,
several of the identified facilitators and barriers were consistent with previous research,
suggesting that the findings may have relevance beyond the specific study setting. The results
should therefore be considered exploratory and interpreted with caution.

Future research

Future research should include larger and more geographically diverse samples of CRNAs
and SRNAs to increase the understanding of sustainability-related knowledge, attitudes and
clinical practices among nurse anesthetists in the United States. Further studies should also
explore effective strategies for integrating sustainability into everyday anesthesia care,
including the roles of education, leadership and organizational support in facilitating the
implementation of sustainable practices.

Conclusion

In summary, both CRNAs and SRNAs demonstrated positive attitudes toward sustainable
anesthesia care and recognized sustainability as an important aspect of clinical anesthesia
practice and the nurse anesthesia profession. Both groups generally perceived sustainable
anesthesia practices to be compatible with patient safety, although concerns regarding
regulations and infection prevention were identified. The findings further suggested that
SRNAs had received greater exposure to sustainability-related education than CRNAs, while
uncertainty regarding sustainability-related guidelines and implementation strategies remained
evident within both groups. Participants also expressed support for integrating environmental
considerations into anesthetic decision-making.

Despite these positive attitudes, the implementation of sustainable practices appeared
inconsistent throughout the survey responses. The findings suggested an attitude—practice gap,
where positive attitudes and perceptions did not necessarily translate into sustainable clinical
practice. Barriers including production pressure, time constraints, concerns regarding infection
prevention, a culture of disposability, legal concerns and limited organizational support were
identified.

Due to several limitations, including a relatively small sample size and a regional focus on
South Florida, the findings should be considered exploratory and interpreted with caution.
Nevertheless, the study contributes to the understanding of CRNAs’ and SRNAs’ perceptions
of sustainable anesthesia care within the United States healthcare context and highlights the gap
between positive attitudes and the implementation of sustainable anesthesia practices.
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Appendix

Appendix 1 — Qualtrics survey
SUSTAINABLE ANESTHESIA PRACTICE Experiences in South Florida, USA

Block A - information about the study

A: The aim of this survey is to describe and compare the knowledge, clinical anesthesia
practices, and attitudes of Certified Registered Nurse Anesthetists (CRNAs) and Student
Registered Nurse Anesthetists (SRNAs) regarding sustainable anesthesia care in South Florida,
USA.

This survey is conducted as part of a Master’s thesis within the Nurse Anesthesia program at
the University of Gothenburg, Sweden. Projects that do not meet the federal definition of human
research pursuant to 45 CFR 46 do not require IRB review and is determined at Quality
Initiative by the HSRO at University of Miami (UM), USA.

Data will be collected through this anonymous survey administered via Qualtrics. Invited
participants are: - Certified Registered Nurse Anesthetists (CRNAs) - Student Registered
Nurse Anesthetists (SRNAs) The survey is anonymous, and no information that can directly
identify you will be collected.

All collected data will be treated with strict confidentiality and will be accessible only to the
research team. The data will be used solely for the purposes of this project and further
development of environmentally sustainable initiatives. Participation is voluntary. You may
decline to answer any question. However, providing consent is required to participate.

The survey takes approximately 5—10 minutes to complete.

Thank you for choosing to participate in this project.

Al: I confirm that I have read and understood the information about the survey, that my

participation is voluntary, and that I may withdraw at any time. I voluntarily consent to
participate.

Yes (1)

No (2)
Block B - personal background

B: The following section includes questions about your background.
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B1: What is your current professional title?
CRNA - Certified Registered Nurse Anesthetist (1)

SRNA - Student Registered Nurse Anesthetist (2)

Display this question:
If What is your current professional title? = CRNA - Certified Registered Nurse Anesthetist

B2.1: How many years of experience do you have in nurse anesthesia practice (including
training)?

0-2 years (1)
3-5 years (2)
6—10 years (3)

10 years or more (4)

Display this question:
If What is your current professional title? = SRNA - Student Registered Nurse Anesthetist

B2.2: What Year in the Program are you currently in?
First Year (1)
Second Year (2)

Third Year (3)
B3: Where do you currently practice or complete clinical rotations? (select all that apply)
UHealth (1)
Jackson Health (2)
Broward Health (3)
Mount Sinai Medical Center (4)
Baptist Health (5)

Other (6)
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B4: What is your age?
29 years or younger (1)
30-39 years (2)
4049 years (3)

50 years or more (4)

B5: What is your gender?
Male (1)
Female (2)
Non-binary / third gender (3)
Prefer not to say (4)
Block C - clinical nurse anesthesia practice related to sustainability
C: The following questions use a five-point Likert scale. For each statement, please select the
response that best reflects your experience. The following section addresses clinical practices

related to sustainability.

C1: I am involved in decision-making regarding the choice of anesthetic techniques in my

clinical practice.
Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1)  disagree (2) agree (4) agree (5) answer (6)

Please select the
response that best
reflects your
experience. (1)

C2: In my workplace or clinical education site, total intravenous anesthesia (TIVA) is
preferred over inhalational anesthesia for environmental reasons when clinically
appropriate.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1)  disagree (2) agree (4) agree (5) answer (6)
Please select the
response that best
reflects your
experience. (1)
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C3: In my workplace or clinical education site, inhalational anesthetic agents with high
environmental impact are avoided when clinically appropriate.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)
Please select the
response that best
reflects your
experience. (1)

C4: I use low-flow (less than 2L/min) inhalational anesthesia when clinically appropriate.
Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)
Please select the
response that best

reflects your
experience. (1)

C5: In my workplace or clinical education site, routines for using reusable equipment instead
of disposable materials are established and applied when clinically appropriate.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)
Please select the
response that best
reflects your
experience. (1)

C6: In my workplace or clinical education site, leadership supports sustainability initiatives.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)
Please select the
response that best
reflects your
experience. (1)

C7: In my workplace or clinical education site, the necessary conditions to work sustainably
are available.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1)  disagree (2) agree (4) agree (5) answer (6)
Please select the
response that best
reflects your
experience. (1)

C8: In my workplace or clinical education site, waste is sorted according to established
routines.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1)  disagree (2) agree (4) agree (5) answer (6)
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Please select the
response that best
reflects your
experience. (1)

Block D - knowledge and awareness related to sustainability

D: The following section addresses your knowledge and awareness of sustainability.

D1: 1 feel confident in my ability to sort waste according to established guidelines.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)

Please select the
response that best
reflects your
experience. (1)

D2: I have received formal education related to sustainable anesthesia.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)

Please select the
response that best
reflects your
experience. (1)

D3: I have sufficient knowledge about strategies to reduce the environmental impact of
anesthesia care.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)

Please select the
response that best
reflects your
experience. (1)

D4: I am familiar with my workplace’s or clinical education site’s guidelines and
recommendations regarding sustainable anesthesia care.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)

Please select the
response that best
reflects your
experience. (1)

Block E - attitudes related to sustainability

E: The following section explores your attitudes toward sustainable anesthesia care.
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E1: Sustainable anesthesia practices can be implemented without compromising patient

safety.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)
Please select the
response that best
reflects your
experience. (1)

E2: Environmental considerations should be integrated into anesthetic decision-making.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)

Please select the
response that best
reflects your
experience. (1)

E3: As a CRNA or SRNA, I consider sustainable practices to be a professional responsibility.

Strongly Somewhat Neutral (3) Somewhat Strongly Prefer not to
disagree (1) disagree (2) agree (4) agree (5) answer (6)

Please select the
response that best
reflects your
experience. (1)

Block F - open-ended questions
F: The following section includes open-ended questions related to sustainable anesthesia care.

F1: Please describe perceived barriers to implementing sustainable practices in your clinical
practice or clinical education setting:

F2: Please describe perceived facilitators of implementing sustainable practices in your
clinical practice or clinical education setting:
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F3: Please describe suggested areas for improvement to strengthen sustainability efforts in
anesthesia practice or clinical education settings:

F4: Optional additional comments:
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Appendix 2 — Information poster

Participate 1n a survey study on
sustainability 1n anesthesia care

About the

This survey is conducted as part of a Master’s thesis within the Nurse Anesthesia program at the
University of Gothenburg, Sweden. The project is carried out in collaboration with the University of
Miami and contributes to the development of environmentally sustainable initiatives.

The data are collected from Certified Registered Nurse Anesthetists (CRNAs) and Student
Registered Nurse Anesthetists (SRNAs) in South Florida, USA.
Aim
The aim of this study is to describe and compare the knowledge, clinical anesthesia practices, and attitudes

of Certified Registered Nurse Anesthetists (CRNAs) and Student Registered Nurse Anesthetists (SRNAs)
regarding sustainable anesthesia care in South Florida, USA.

Who can participate?

You may participate if you are a: The survey is conducted in accordance with
 Certified Registered Nurse Anesthetist established research ethics guidelines.
(CRNA)
« Student Registered Nurse Anesthetist « the survey is anonymous.
(SRNA) currently enrolled in the * no information that can directly identify you
University of Miami will be collected.

« data are collected via Qualtrics.
= participation is voluntary.
= you may withdraw from the study at any

time.

Contact informat

For questions regarding the study, please contact:

Thank you for your participation in this survey.

Josefin Wallroth, guswallrjo(@student.gu.se

L) |UNIVERS]TY Johanna Tegge, gusteggjo@student.gu.se
UNIVERSITY OF OF MIAMI stude

GOTHENBURG
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Appendix 3 — Survey results

B1: What is your current professional title?

30
20

10 7

CRNA - Certified Registered Nurse Anesthetist

B Responses

26

SRNA - Student Registered Nurse Anesthetist

B2.1: How many years of experience do you have in nurse anesthesia practice (including

training)? (CRNA)
3
2
2
1
L'
0-2 years 3-5 years

@ Choice Count

6-10 years 10 years or more

B2.2: What Year in the Program are you currently in? (SRNA)

20

15

10
5

4
5 i i

First Year

@ Choice Count

Second Year

17

Third Year

B3: Where do you currently practice or complete clinical rotations? (select all that apply)
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A total of 43 survey responses were obtained from 33 participants across several healthcare
institutions in South Florida, including university-affiliated, public, and private healthcare
systems. A diagram illustrating participant distribution was not provided in order to protect
participants’ privacy.

B4: What is your age?

15

14
12
10
4
5
A ™ 00

CRNA - Certified Registered Nurse Anesthetist SRNA - Student Registered Nurse Anesthetist

® 29 years oryounger @ 30-39years @ 40-49years W 50 years or more

BS: What is your gender?

25 21
20
15
10
4 5
3
5
Hoo 00
CRNA - Certified Registered Nurse Anesthetist SRNA - Student Registered Nurse Anesthetist

® Male @ Female @ Non-binary /third gender @ Prefer not to say

Likert-scale questions

Attitudes

E1: Sustainable anesthesia practices can be implemented without compromising patient

safety.
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100% 86% 84%
80%
60%
40%
0,
20% 1 8% 8%
0% 0% 0% 0% 0% 0% gm 0%
CRNA - Certified Registered Nurse Anesthetist SRMNA - Student Registered Nurse Anesthetist
@ Strongly disagree @ Somewhat disagree @ Neutral Somewhat agree @ Strongly agree

B Prefer not to answer

E2: Environmental considerations should be integrated into anesthetic decision-making.

80% 68%
57%

0,
60% 43%
40%

20%
20% 4% 8%
0% 0% 0% 0% 0% e M 0%
CRNA - Certified Registered Nurse Anesthetist SRNA - Student Registered Nurse Anesthetist

B Strongly disagree ™ Somewhat disagree 8 Neutral Somewhat agree @ Strongly agree

B Prefer not to answer

E3: As a CRNA or SRNA, I consider sustainable practices to be a professional responsibility.

80% 68%
0
60% 43%43%
40%
149% 16% 16%
20%
o oo [l 0% 0% 0% 0%
CRMNA - Certified Registered Nurse Anesthetist SRNA - Student Registered Nurse Anesthetist
@ Strongly disagree @ Somewhat disagree 8 Neutral Somewhat agree @ Strongly agree

B Prefer not to answer

Knowledge and awareness

D1: 1 feel confident in my ability to sort waste according to established guidelines.
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57%
60%
36%
40% 209,
24%
16% 16%
20‘?/0 14% 80/0
I 0% 0% || 0% n I I 0%
CRNA - Certified Registered Nurse Anesthetist SRNA - Student Registered Nurse Anesthetist
B Strongly disagree ™ Somewhat disagree  # Neutral Somewhat agree @ Strongly agree

B Prefer not to answer

D2: I have received formal education related to sustainable anesthesia.

57%
60%
40% 28% 32%
20%
16%
20% 14% 14%14%
A%
l 0% I 0% - 0%
CRNA - Certified Registered Nurse Anesthetist SRNA - Student Registered Nurse Anesthetist
@ Strongly disagree ™ Somewhat disagree @ Neutral Somewhat agree @ Strongly agree

B Prefer not to answer

D3: I have sufficient knowledge about strategies to reduce the environmental impact of
anesthesia care.

29%29% 28% 28%
30% 24%
20%
20% 14% 14%14%
0% 0% 0%
CRNA - Certified Registered Nurse Anesthetist SRNA - Student Registered Nurse Anesthetist
B Strongly disagree  ® Somewhat disagree @ Neutral Somewhat agree @ Strongly agree

B Prefer not to answer

D4: I am familiar with my workplace’s or clinical education site’s guidelines and
recommendations regarding sustainable anesthesia care.
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50% 43%
40%
’ 29% 28% .
16%
20% 14% 14% b
8%
10% 0% 0% . 0%

B Strongly disagree

CRNA - Certified Registered Nurse Anesthetist

W Somewhat disagree @ Neutral

@ Prefer not to answer

Practices

C1: I am involved in decision-making regarding the choice of anesthetic techniques in my

SRMNA - Student Registered Nurse Anesthetist

Somewhat agree @ Strongly agree

clinical practice.
80% 1%
60%
35%35%
40% 27%
. 14% 14%
o (i)
B oo o 0% P 0%

B Strongly disagree

CRNA - Certified Registered Nurse Anesthetist

@ Somewhat disagree @ Neutral

B Prefer not to answer

SRNA, - Student Registered Nurse Anesthetist

Somewhat agree @ Strongly agree

C2: In my workplace or clinical education site, total intravenous anesthesia (TIVA) is
preferred over inhalational anesthesia for environmental reasons when clinically
appropriate.

57%
60%

42%

40% 209,

19% 19%

0,
12% 8%

SRNA - Student Registered Nurse Anesthetist

14%

l 0% 0% 0%
CRNA - Certified Registered Nurse Anesthetist

20%

@ Strongly disagree @ Somewhat disagree @ Neutral Somewhat agree @ Strongly agree

B Prefer not to answer

70



Josefin Wallroth and Johanna Tegge

C3: In my workplace or clinical education site, inhalational anesthetic agents with high
environmental impact are avoided when clinically appropriate.
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0% u
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C4: I use low-flow (less than 2L/min) inhalational anesthesia when clinically appropriate.
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C5: In my workplace or clinical education site, routines for using reusable equipment instead
of disposable materials are established and applied when clinically appropriate.
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C6: In my workplace or clinical education site, leadership supports sustainability initiatives.
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C7: In my workplace or clinical education site, the necessary conditions to work sustainably
are available.
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C8: In my workplace or clinical education site, waste is sorted according to established
routines.
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Open-ended questions
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F1: Please describe perceived barriers to implementing sustainable practices in your clinical
practice or clinical education setting:

’

“Lack of education and resources.’
“Lack of education.”
“Lack of knowledge.”

“Last of knowledge about how to best practice sustainably, balancing demonstrating
preparedness as a student and overusing too many supplies that lead to waste.”

’

“We usually don’t discuss these topics in our clinical site.’

’

“Practice norms, political climate.’
“Support.”
“The management.”

“Culture of disposability.”

“«“ ’

ot many think it's an important issue.’
“I think many individuals do not care about environmental impact.”

’

“Comfort, laziness, not being receptive to new initiatives and just sticking to old school minds.’

“Breaking norms and fear of litigation by deviating from established norms.’

“General institutional culture regarding reusable vs disposable items is a factor. Patient
population, infection control guidelines and such also play a role.”

“Infection control.”
“One time use instruments may aid in infection prevention and decrease microbial spread.”
“Reusing leads and pulse ox.”

“Time.’

“Production pressure is a driving force of waste at my clinical. We are expected to have very
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quick turnover times between cases, therefore must set up for the next case when in the case
before. This often leads to setting up certain medications and equipment before we have seen
the patient, leading to waste whenever things change after a proper assessment.”

“Ease of access to gases like nitrous oxide that may not be necessary in everyday clinical

practice.”

F2: Please describe perceived facilitators of implementing sustainable practices in your
clinical practice or clinical education setting:

“Education session.”
“Educating others.”
“Trying to get individuals to care about the issues.”

“No facilitators are identified except for not opening any supplies or medications until time of

2

use.

“Purchasing of reusable equipment, necessary cleaning and re-stocking of reusable
equipment.”

“I think that the purchasing of multi-use supplies from hospitals (although maybe more
expensive upfront?) would decrease the overall amount. Of waste we produce, like with airway
blades/LMAs/monitors etc.”

“Everyone uses low flow now. Nitrous is most environmentally detrimental and is rarely used.”

“My clinical site is part of Project SPRUCE (Saving our Planet by RedUcing Carbon
Emissions). Nitrous oxide has been completely removed from pipeline supply and overall use
is very small with cylinder supplies. Low flow anesthesia is used every day and there are
cognitive aids on each anesthesia machine with details on how to calculate the necessary flow
for inhalation induction and maintenance.”

“Champions from leadership are key.”
“CRNAs.”
“Cost savings.”

’

“Reduced costs.’
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“Not sure there are any. Would require a change in operational point of view as to what is
important.”

“None.”
((Na. »

F3: Please describe suggested areas for improvement to strengthen sustainability efforts in
anesthesia practice or clinical education settings:

“Awareness, knowledge.”

“I know I don’t have a ton of knowledge about green anesthesia! I need to do my research!

’

Also streamlining my plan for anesthesia so I create as little extra waste as possible.’
“Education of staff.”

“Explaining the environmental impact.”

)

“Education.’

’

“Infographics.’

“There needs to be inservicing with specific examples.

’

“Decrease nitrous oxide use.’
“Low flows at Jackson.”

“TIVA, reusability, and waste sorting.”

“Minimize WAGs, garbage and environmental impact. Automatic switches for unnecessary
lights and other equipment which often stays on unnecessarily.”

“When reusing materials we tend to throw things away that can be reused.”

“I believe established policies and purchasing of multi-use medication vials could be a
potential area to explore to decrease medication waste.”

“We must be careful with these environmentally friendly initiatives. Yes we love the earth and

should be conscientious of the impact on the environment, but the last thing we need or want
as anesthesia providers is the epa or insurance agencies or whoever else to start dictating what
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anesthetic we can or cannot use and in what quantity under the guise of “‘we need to save the
planet”
F4: Optional additional comments:

“Would have been good to offer a definition of "sustainable (bility)" so all participants could
reply based on same definition.”

“Project SPRUCE has been really interesting as an SRNA to learn more about. The clinical

site I am at has targeted a lot of their initiatives based on Seattle Children's hospital who follows
the same thing.”
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Appendix 4 — The Human Subject Research Office (HSRO) assessment tool

i3

MIAMI

We thank you for your time spent taking this survey.

Your response has been recorded.

Purpose:

Projects that do not meet the federal definition of human research pursuant
to

45 CFR 46 do not require IRB review unless they fall under FDA regulations. This
tool was developed to assist the University of Miami community in determining

when a project falls outside of the IRB's purview.

Principal Investigator Name:

Johanna Tegge and Josefin Wallroth

77



Josefin Wallroth and Johanna Tegge

Project Title:

SUSTAINABLE ANESTHESIA PRACTICE Experiences in Florida, USA

Research involving investigations of FDA-regulated products
are not exempt from the requirement for IRB oversight. Does
this project investigate a product that the US FDA regulates

such as a drug, a device (including assays) or a biologic.

O Yes. Stop. You must obtain IRB approval and
@ oversight. No. Please answer the remaining

questions.

The definition of "human subjects" involves only living

individuals.

Does this research involve ONLY reviewing and abstracting

data from records of individuals who are deceased.

Yes. If you check this box, you must submit a completed FORM D-
Investigators Certification for Research Involving Decedent's
Information:
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O https://hsro.uresearch.miami.edu/submit-to-the-irb/forms-
andtemplates/forms/index.html. Completing and submitting this
form correctly will permit you to access the deceased individual's

records.

@No

The definition of "human subject" is "a living individual
about whom an investigator obtains data through
interactions, interventions or obtains private, identifiable

information.

This purpose of this question is to determine whether this

project involves "human subjects"- a living individual about

whom an investigator (whether professional or student)

conducting research:

This project involves any interventions or interactions with
human participants to collect data about them (opinion, ideas,
their experiences, etc.)

This project involves access to "Private Information" about people
through their electronic medical record, or other documents, databases,
etc. D Private information means information that a reasonable person
would expect the holder of the information will not share and would

keep the information private or confidential.

O

D None of the above

The research involves obtaining and analyzing biospecimens and/or

documents, records, and data sets that include private information.
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The definition of research is a systematic investigation,
including development, testing, and. evaluation, designed to
develop or contribute to generalizable knowledge. The

purpose of this question is to see if the project is "research."

Check the responses that are true below:

This project is a systematic investigation that has a plan (e.g.
protocol,Dschedule, project deliverables) to obtain data and conduct

an analysis to answer a question.

This project will try to predict an outcome based on one or more
specific D circumstances and generalize the information to other

situations or populations.

This project will create general explanations about events
that haveD happened and generalize the information to other
situations or populations.

O

populations. None of the above

This project will collect and analyze data to make comparisons or

draw conclusions and generalize the findings to other areas or

From our analysis, it looks like this project does not constitute
human subject research requiring IRB review. If you plan to
publish, you may need a letter from the HSRO to provide to
the publisher. If you need the letter, print a copy of this
completed survey and email it along with the protocol or a

description of the project to HSROletterrequest@miami.edu.

80



	Introduction
	Background
	Effects of climate change on health
	Climate change and health care
	Environmental impact of anesthesia care
	The United States healthcare system and its environmental impact
	Public Health Implications of Climate Change in South Florida
	Sustainable anesthesia
	The role of nurse anesthetists and sustainability
	CRNA
	SRNA

	Theoretical framework – evidence-based practice
	Knowledge, attitudes and practices

	Problem statement
	Aim
	Methods
	Study design
	Development of the survey
	Sampling
	Data collection
	Data analysis

	Ethical considerations
	Results
	Participants’ background
	Knowledge and awareness
	Attitudes
	Practices
	Open-ended questions

	Methodological discussion
	Discussion of the results
	Knowledge and awareness
	Waste sorting and workplace sustainability guidelines
	Sustainability-related education and self-perceived knowledge

	Attitudes
	Patient safety and sustainable anesthesia care
	Professional responsibility and environmental decision-making

	Clinical practices
	Clinical autonomy and anesthetic decision-making
	Low-flow anesthesia
	Leadership and organizational conditions
	Reusable materials and waste management


	Clinical implications and evidence-based practice
	Generalizability
	Future research
	Conclusion
	References
	Appendix
	Appendix 1 – Qualtrics survey
	Appendix 2 – Information poster
	Appendix 3 – Survey results
	Likert-scale questions
	Attitudes
	Knowledge and awareness
	Practices

	Open-ended questions

	Appendix 4 – The Human Subject Research Office (HSRO) assessment tool


