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Abstract: Background: Escalating climate change concerns have prompted the healthcare sector, 

particularly anaesthesia, to reassess its practices to align with environmental sustainability. 

Anesthetic gases like desflurane, sevoflurane, and isoflurane significantly impact the environment 

due to their high Global Warming Potentials (GWPs) and prolonged atmospheric lifetimes. This 

manuscript investigates these impacts and advocates for strategies to reduce the carbon footprint of 

anesthetic care while maintaining patient safety. Methods: We reviewed the environmental impacts 

of anesthetic gases and explored various strategies for sustainable anaesthesia. These strategies 

include adopting anesthetics with lower GWPs, enhancing recycling and waste reduction 

techniques, transitioning to intravenous anaesthesia, and implementing low-flow anaesthesia 

methods. We also examined barriers to these strategies, such as educational gaps, technological 

challenges, resistance to change, and policy limitations. Results: Adopting anesthetics with lower 

GWPs, such as sevoflurane over desflurane, and implementing low-flow anaesthesia can 

significantly reduce greenhouse gas emissions. Recycling and waste reduction techniques, though 

challenging, offer additional environmental benefits. Transitioning to intravenous anaesthesia can 

eliminate the direct GWP contributions from volatile anesthetic gases. However, these strategies 

require comprehensive education, advocacy for research and innovation, strategic change 

management, and supportive policies. Conclusions: Continuous monitoring and evaluation are 

crucial to ensure the effectiveness of sustainable practices in anaesthesia. Establishing robust Key 

Performance Indicators (KPIs) and utilizing advanced analytical tools will enable the anaesthesia 

community to adapt and refine practices. Collaborative efforts among clinicians, policymakers, and 

stakeholders are essential to significantly reduce the environmental impact of anaesthesia and 

promote ecological responsibility within healthcare. 
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1. Introduction 

Climate change has been described as “the biggest global health threat of the 21st century”.  [1] 

WHO clearly states that climate change impacts health in many different ways, both directly (extreme 

weather events) and indirectly (for example it can lead to food, nutrition and water insecurity). 

[2] Since environmental health is closely related to human health [3] the urgency of global climate 

change demands that all sectors, including healthcare, adopt more sustainable practices. The 

healthcare sector itself contributes significantly to global greenhouse gas (GHG) emissions, 

accounting for approximately 4-5% of total emissions [3–5]. If global healthcare were a country, it 

would be the fifth largest carbon emitter on the planet. [6] Within this sector, anaesthesia is a major 

contributor due to the use of potent greenhouse gases and disposable materials, therefore the role of 

aneaesthesia providers is crucial in reducing the environmental impact of their practice [7]. 

Anaesthetic agents such as isoflurane, desflurane, sevoflurane and nirous oxide have atmospheric 

lifetimes and global warming potentials far exceeding those of carbon dioxide [8]. The environmental 
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impact of these gases, along with the waste from single-use anesthesia equipment, highlights a critical 

yet often overlooked aspect of healthcare sustainability.  

The transition towards greener anesthesia is not only an ethical imperative, aligning with the 

broader healthcare goal of 'Primum non nocere' (First do no harm), but also a pragmatic step towards 

future-proofing anaesthetic practice [6,9]. As climate change drives policy and regulation, 

anaesthesiologists, like other healthcare professionals, will face increasing pressure to minimize the 

environmental impact of their practice. 

This transition involves adopting less harmful anaesthetic agents, integrating novel 

technologies, and implementing systemic changes to reduce waste and promote recycling. The 

COVID-19 pandemic has further accelerated discussions around healthcare sustainability, 

emphasizing the need for resilient, adaptable, and eco-conscious medical practices. It has 

demonstrated the healthcare sector's ability to adapt swiftly, indicating that transitioning towards 

sustainable anesthesia is both realistic and achievable with concerted effort. 

2. Environmental Impact of Inhaled Anaesthetics  

Inhaled anaesthetics integral to contemporary anaesthesia practice present a profound 

environmental challenge primarily due to their high Global Warming Potential (GWP). These agents 

during the clinical usage undergo only to minimal metabolism and are exhaled almost unmodified 

and then released as waste anaesthetic gases (WAG) in the atmosphere. Here they act as GHGs 

contributing to global warming. Commonly used inhaled agents such as desflurane, sevoflurane, 

isoflurane and nitrous oxide exhibit GWPs of 2540, 130, 510 and 265 times that of carbon dioxide over 

a 100-year horizon [6,8] (Figure 1).  

 

Figure 1. Global Warming Potential over 100 years of Desflurane, Isoflurane, Sevoflurane and Nitrous 

oxide. 

This stark contrast in GWP values underscores the critical need to mitigate their environmental 

impact. Various authors to better illustrate the magnitude of this problem, have compared the CO2 

emissions per hour (CO2 equivalent, CDE) of these aneaesthetic agents used at 1MAC to those 

produced by driving different distances by car (Figure 3):  

- One hour of 2% sevoflurane emits a CDE similar to that driving 6.5 km 

- One hour of 1.2% isoflurane emits a CDE similar to that driving 14 km;  

- One hour of 60% nitrous oxide emits a CDE similar to that driving 95 km;  

- One hour of 6% desflurane emits a CDE similar to that driving 320 km. [10,11]  
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Figure 2. CO2 equivalent for 1 MAC-hour of common anesthetic gases in kilometers driven. 

In 2010, Sulbaek Andersen., et al. estimated that yearly global emission from inhaled anesthetics 

is equivalent to gas emissions by 1 million passenger cars [12]. The atmospheric lifetimes of these 

halogenated agents, ranging from approximately 1.1 to 14 years, amplify their long-lasting 

detrimental effects on the environment [13]. The claim that operating anaesthesia machines are 

energy-intensive is incorrect; their energy consumption is negligible compared to the impact of 

anaesthetic gases and reusable/disposable equipment. 

Nitrous oxide has a much longer atmospheric lifetimes, more than 100 years and it also depletes 

ozone layer [8,13]. Because of this double effect as GHG and ozone depleter the use of nitrous oxide 

as carrier gas can dramatically increases the global warming effects of other agents such as 

sevoflurane [8].  

Furthermore, while there is concern regarding the health risks posed to healthcare workers from 

occupational exposure to waste anaesthetic gases, these gases have been used safely for decades, with 

well-studied occupational risks. Ongoing research and development of effective mitigation strategies 

are necessary to safeguard both environmental and occupational health [8,14]. 

The regulatory and policy landscape is evolving in response to the environmental repercussions 

of anaesthetic gases. There is increasing recognition across healthcare sectors of the need for 

environmentally sustainable practices, with anaesthesia playing a leading role. Recent policy 

developments reflect a growing willingness to address the environmental impact of medical 

practices, signaling potential future shifts in anaesthesia practice. These changes are crucial in 

steering the field towards more sustainable and environmentally responsible methods, ensuring the 

healthcare sector contributes positively to global efforts in combating climate change. 

3. Strategies for Sustainable Anaesthesia 

Sustainable practices in anaesthesia are essential in mitigating the significant environmental 

impact of anaesthetic gases. The most simple and effective measures that anaesthesiologist can take 

to reduce their carbon footprint are:  

- Choose the agent with the lower GWP: avoid desflurane and nitrous oxide, their use should be 

restricted to only specific cases [6,7,15]. In clinically equivalent doses, ranked climate impacts: 

desflurane > nitrous oxide > isoflurane > sevoflurane. 

- Utilize low fresh gas flow: using low flow anaestehesia (LFA) allows to reduce the total amount 

of gas required so there is a smaller environmental and operating room pollution and also a 

reduction of the costs. It also consent to preserve a better humidification and heat of the circuit, 
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that is beneficial for the homeostasis of the patient [14,16]. There is no universal definition of 

LFA, according to Baker classification low flow is considered a FGF of 500-1000ml [17].   

- Prefer techniques that minimize the use of inhalation agents such as regional and total 

intravenous anaestehesia [15,18].  

These recommendation are encouraged by the ASA Task Force on the Environment, when 

clinically appropriate [18]. 

Another strategy to minimize the impact of WAGs is employing technologies like Sedaconda™ 

ACD-S to capture and recycle exhaled anaesthetics [6,19]. This device is designed for administering 

volatile anaesthetics like isoflurane and sevoflurane more efficiently, reducing gas consumption and 

consequently their GWP. It can be described as a small single-use anaesthetic vaporizer integrated 

with an HME filter in one airway component. Like an HME filter, the device returns moisture to the 

patient, but also reflects 90% of the anaesthetic by adsorbing and then releasing the drug using a 

special carbon filament reflecting medium. This recycling process lowers the overall amount of 

anesthetic required, reducing that which is exhausted or scavenged upon exhalation [20]. The ASA 

sustainability checklists encourages research on anaesthetic gas trapping devices [21]. 

Other practical measures include ensuring good seals with airway devices, using cuffed tubes in pediatrics 

and minimizing disconnections between the anaesthetic circuit and machine [22]. 

Transitioning to Intravenous Anaesthesia 

Transitioning to intravenous (IV) anaesthesia can significantly reduce the GWP associated with 

anaesthetic practices by eliminating the use of volatile gases with high GWPs. IV anaesthetics do not 

directly contribute to atmospheric greenhouse gases. The indirect environmental impact is a result of 

their manufacture, packaging, transportation but also the use of delivery systems, drug wastage and 

disposal [23]. Despite involving the use of electrically powered pumps, their overall energy 

consumption is lower than that of anaesthesia machines for volatile gases. Considering the life-clycle 

assassement of propofol TIVA related GHG emissions are 4 times smaller than that from desflurane 

and nitrous oxide [22,24]. 

To quantify GWP reduction, consider a medium-sized hospital transitioning 50% of its 

anaesthetic procedures from desflurane to IV anaesthesia. If each procedure avoids the use of 15 mL 

of desflurane (density ~1.5 g/mL), the GWP reduction can be estimated as follows: 

Daily desflurane usage avoided: 15 mL/procedure × 1.5 g/mL × number of procedures/day. 

Annual usage avoided: Daily usage × number of operating days/year. 

GWP reduction: Annual usage (in grams) × GWP of desflurane (2540 over 100 years). 

 

Figure 3. a graph representing the annual environmental impact reduction by transitioning 50% of 

anaesthetic procedures from desflurane to intravenous anaesthesia in a medium-sized hospital. The 

graph shows the annual desflurane usage avoided (in grams) and the corresponding GWP reduction. . 
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To further reduce the environmental impact of propofol life-cycle is important to consider 

minimizing the requirement of single-use plastic and drug wastage. It has been found that within a 

small surgical suite wasted or discarded propofol accounted for 45% of all the drug waste. It is then 

recommended to avoid unnecessary drug preparation and prefer the use of small size vials of 

propofol 20ml versus 50 or 100ml in the operating room [23,25]. 

Collaborative efforts with environmental scientists and policymakers are essential for 

developing guidelines and supporting research on alternative anaesthetic agents and innovative 

technologies. Community engagement through awareness campaigns is vital for public 

understanding and support for sustainable anaesthesia practice [26,27] 

Environmental impact of the peri-operative assistance is relevant. Operating rooms are 

responsible for 20 to 30% of all hospital waste [18,28] and are highly energy-intensive, therefore all 

the members of the surgical equip should minimize the overuse and waste of drugs and equipment, 

along with the use of energy and water [7]. Anaesthesia providers should use the approach of 

“reduce, reuse, recycle” to promote the reduction of unnecessary waste [15].  

Routinely drug waste is estimated to account for 25-30% of the total anaesthesia budget, 

therefore is both responsible for an environmental pollution and economic loss. The amount of 

propofol wasted is up to 49% [29]; there is also a huge drug wastage of cardiac resuscitative 

medication such as ephedrine, atropine, phenylephrine but also paralytic agents, all these are being 

routinely prepared in advance but then remain unused and discarded up to 30-50% of the time 

[30,31]. 

Simple strategies to prevent waste could be keeping emergency ampoules and syringes on hand so 

that they can be easily prepared when needed, usage of pre-filled syringes of commonly used anesthesia drugs 

[15,32] and prefer smaller vials such already mentioned above [9]. 

More than one third of the waste produced by the operating room is generated before the arrival 

of the patient so it is composed of materials clean, that are not contaminated or infectious, therefore 

it can be considered almost all “general/domestic waste” that need to be discarded properly in 

recycling bin according to the type of materials [9,33].  

Anesthesia-related waste representing as much as 25% of all trash produced during surgery and 

there are a lot of potentially recyclable products such as surgical instrument wraps (including blue 

wrap), forced-air warming blankets, saline and water ampoules and bottles, uncontaminated 

intravenous fluid bags and tubing , oxygen masks and tubing, suction tubing, uncontaminated 

syringes, hard plastic packaging (procedure equipment trays, ex. central line trays), boxboard, paper 

package inserts, rippable paper packaging, glass vials [15]. 

Still there is no adequate information on the importance of recycling and on how to properly 

recycle intraoperatively [34].  

In the project “greening the operating room” the ASA Committee on Environmental Health 

proposes a sustainability checklist [21]. Table 1. 

Table 1. Anesthesiology Sustainability Checklist. 

1. Reduce Inhaled Anesthetic Atmospheric 

Waste 

- Utilize low fresh gas flows. 

- Avoid high impact inhaled anesthetics like 

desflurane and nitrous oxide. 

- Consider intravenous and regional 

techniques when clinically appropriate. 

- Abandon centralized nitrous oxide piping 

and switch to portable tank management 

systems. 

- Repurpose and recycle batteries. 

- Consider intraoperative recycling program for 

clean plastics, paper, and cardboard. 

5. Linens 

- Consider reusable linens. 

- Avoid unnecessary use of reusable and 

disposable towels and blankets. 

6. Electronics 

- Avoid excess electronics and upgrades without 

proven benefit to patient care. 
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- Waste anesthetic gas trapping (for volatiles 

only) and destruction (for nitrous oxide) 

technologies appear promising; however, 

research is required on their efficacy, 

efficiency, and life cycle emissions before they 

can be recommended 

2. Reduce IV Pharmaceutical Waste 

- Advocate for and use prefilled syringes 

- Advocate for and use appropriately sized 

vials for an individual patient. 

- Dispose of unused medications and vials 

according to regulations (but not exceeding). 

3. Reduce Anesthesia Equipment Waste 

- Only open equipment intended for 

immediate use. 

- Consider purchase of reusable or reprocessed 

equipment over disposable. 

- Reprocess or recycle suitable disposable 

equipment. 

- Adjust stock levels to minimize discarding 

expired items. 

- Reformulate prefabricated kits to eliminate 

unnecessary items. 

- Reformulate anesthesia supply carts to 

eliminate unnecessary items. 

- Donate expired or unused open equipment to 

appropriate groups, (e.g., medical missions, 

simulation centers.) 

4. Solid Waste Segregation 

- Segregate waste according to type 

(pharmaceutical, solid, biohazard, etc.). 

- Avoid default of placing all waste into 

biohazard or sharps bins. 

- When negotiating equipment 

upgrades/contracts, request vendors take back 

old equipment for refurbishment and donation, 

or request vendor use a certified sustainable 

electronics recycling vendor. 

- Use a certified sustainable electronics recycling 

vendor to dispose of old equipment. 

7. Leadership 

- Educate staff regarding the health, safety, and 

cost benefits of pollution mitigation projects. 

- Develop/join/lead a sustainability committee at 

a department, hospital, or society level and 

advocate for dedicated sustainability officer 

roles. 

- Collaborate with hospital leadership to embed 

pollution prevention as part of the core business 

mission to improve the health of our patients, 

employees, and the surrounding community. 

- Become involved in development of 

environmental preferable purchasing and 

contracting standards. 

- Evaluate new equipment, facility, and 

workflow options for improved sustainability. 

- Perform strategic sustainability quality 

improvement and research projects that will lead 

to financial and environmental savings for the 

department and hospital. 

3.1. Implementation Challenges and Proposed Solutions 

Implementing sustainable strategies in anaesthesia faces several challenges, including a lack of 

awareness and education among providers, technological barriers, resistance to change, and policy 

limitations. 

Lack of Awareness and Education 

Many anaesthesiologists are not fully aware of the environmental impact of their practices or 

the available eco-friendly alternatives. Addressing this gap requires integrating sustainability-

focused education into anaesthesia curriculums and regular professional development programs 
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[7,35]. Simple free tools for estimate personal’s anaeshetic carbon footprint could be the Yale Gassing 

Greener and the Association of Anaesthetists Anaesthetic Gases Calculator [6].  

Technological Barriers 

The limited availability or high cost of green technologies can hinder their adoption. Advocacy 

for increased research funding and incentives for manufacturers to develop affordable solutions is 

crucial. Overcoming these barriers involves strategic change management and engaging key opinion 

leaders to champion sustainable practices [36]. 

Resistance to Change 

Resistance to change in anaesthesia practice can be mitigated through strategic change 

management, including engaging key opinion leaders to champion sustainable practices and 

demonstrating the long-term cost-effectiveness of sustainable practices [37]. 

Policy and Regulatory Limitations 

The current policy and regulatory environment does not adequately support sustainable 

anaesthesia practices. Collaboration with relevant bodies to develop and advocate for supportive 

policies is necessary. Economic constraints within healthcare systems can be addressed by 

demonstrating the long-term cost-effectiveness of sustainable practices and exploring funding 

avenues for initial investments [38]. Also NICE, in his program for 2021-2026, promotes an approach 

that should consider not only the health impact on economic but also on the environment and 

encourage the health and care system to reduce its carbon footprint [39].  

Standardized Systems and Monitoring 

Standardized systems are needed to measure the environmental impact of anaesthesia practices 

accurately and monitor progress. Interdisciplinary collaboration is essential to understand the full 

spectrum of environmental impacts and develop comprehensive mitigation strategies [40,41]. 

Addressing Global Disparities 

Addressing global disparities in resources and infrastructure is crucial for the widespread 

implementation of sustainable anaesthesia practices. This requires international collaboration and 

context-specific strategies [42]. 

4. Monitoring and Evaluating Sustainable Anaesthesia Practices 

In the quest for sustainability in anaesthesia, continuous monitoring and evaluation of eco-

conscious practices are crucial. Establishing specific, measurable Key Performance Indicators (KPIs) 

aligned with broader healthcare sustainability goals is essential. These KPIs should encompass 

aspects such as GHG emissions reduction, waste minimization, and energy efficiency in anaesthesia 

departments [40]. During 2023 ASA proposed the “inhaled anesthetic challenge” with the goal of 

reducing the carbon emissions produced by the inhaled anesthetic by 50% [43]. Other KPIs could be 

the amount of plastic recycled or the amount of cardiovascular emergency drugs saved [44]. 

An easy task could be also reducing the amount of unnecessary endo-venous paracetamol and 

promoting the oral route whenever is possible with a reduction of the carbon footprint of one of the 

most commonly prescribed drug for analgesia (CDE of 1 g of oral paracetamol are eight times less 

than those of the correspondent endo-venous dose in a plastic vial) [45]. 

Data Collection and Analysis 

Rigorous data collection and analysis are instrumental in assessing KPIs. Utilizing advanced 

analytical tools to understand resource utilization patterns, waste generation, and emission levels is 

necessary. Simple methods for data collection and analysis can be implemented to assess personal 

and departmental performance without waiting for sophisticated tools [46]. 

Benchmarking and Continuous Improvement 

Benchmarking against national and international standards offers a framework for evaluating 

the success of sustainability efforts. Regularly scrutinizing collected data helps identify successes and 

areas needing improvement, fostering a culture of continuous improvement [47]. 

Technological Advancements 

Digital tracking systems and automated reporting tools offer real-time insights crucial for 

prompt adjustments and decision-making. Assessing the long-term impacts of sustainable practices 
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on both the environment and healthcare outcomes ensures alignment with enduring sustainability 

objectives [46]. 

5. Conclusions 

The healthcare sector significantly contributes to global greenhouse gas emissions, and the role 

of anaesthesia, particularly through the use of high Global Warming Potential (GWP) gases like 

isoflurane, desflurane, sevoflurane and nitrous oxide, is a focal point for sustainable reform [11]. 

The evidence underscores the urgent need for the healthcare community, especially within 

anaesthesia, to reassess and modify practices in line with environmental sustainability. Strategies 

such as optimizing delivery system efficiency, reducing waste, and transitioning to less harmful 

anaesthetic agents or techniques like intravenous anaesthesia or locoregional and low-flow methods 

are feasible and necessary steps towards reducing the specialty’s carbon footprint [48,49]. 

Incorporating lifecycle assessments in healthcare emissions accounting provides a 

comprehensive view of the environmental impact of anaesthetic drugs from production to disposal. 

This holistic approach is crucial for understanding and mitigating the climate impact of healthcare 

practices [13]. 

Reducing climate impact contributes to public health but also is a way to saving health care 

system money that can be transformed in more resources for patient care and other goals [50]. A more 

sustainable approach is therefore a benefit for our health, the planet’s health, and for the financial 

system [51].  

Advancing sustainable anaesthesia involves adopting greener anaesthetics and technologies and 

a systemic shift in education, policy-making, and clinical culture. By actively engaging in this 

transition, anaesthesiologists can significantly contribute to global efforts to curb climate change, 

aligning with the broader healthcare mission of 'Primum non nocere' – first do no harm [4]. 

In conclusion, a concerted effort among clinicians, policymakers, and stakeholders is necessary 

to embrace sustainable anaesthesia practices, thereby reducing the environmental impact of 

healthcare and fostering a culture of ecological responsibility [52]. 
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