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Industrialised healthcare accounts for 4–5% of global greenhouse gas emissions, and inhaled 

anaesthetic agents account for 2–5% of this [1–3]. As healthcare systems attempt to mitigate their 

emissions, reducing or even abandoning the use of inhalational agents as the primary technique for 

the maintenance of general anaesthesia is essential [4]. In the UK, there has been particular 

emphasis on moving away from desflurane (which has by far the highest global warming potential of 

the inhaled anaesthetic agents), with specific national targets for its reduction [5]. 

 

Data from the NHS Business Services Authority presented in the Greener NHS Dashboard reveals 

that the recent dramatic reduction in desflurane use has not been accompanied by an increase in 

isoflurane or sevoflurane, implying that anaesthetists are choosing to move from desflurane to total 

intravenous anaesthesia (TIVA), rather than different volatile anaesthetic agents (Fig. 1) [6]. This may 

be explained by the rapid wake-up that can be achieved with some TIVA techniques [7], making it a 

viable alternative to desflurane. In the presence of safe and effective alternatives such as TIVA, 

reducing the use of inhalational anaesthesia might be considered ‘low-hanging fruit’ in a move 

towards more sustainable anaesthesia. However, though some healthcare systems have made 

significant progress, attempts to minimise the ‘carbon footprint’ of inhalational anaesthesia have 

been variable overall. As such, finding ways to support and accelerate the transition away from 

volatiles (especially desflurane) is a key element of sustainable anaesthesia practice [8]. 

 

At the 2023 Association of Anaesthetists Winter Scientific Meeting, NHS England announced a 

commitment to decommission desflurane from early 2024 [9]. This aligns with the commitment to 

remove desflurane from use in Scotland from February 2023, and the legislative proposal to remove 

it from use in the European Union from 2026 [10]. These measures point to a growing strategic and 

regulatory consensus around the decommissioning of desflurane. But these system level endeavours 

may place anaesthetic departments in a challenging position – there will be a need to smooth the 

transition away from desflurane and towards more sustainable alternatives. Outside of the UK and 

the EU there are no legislative requirements (as far as we are aware) to decommission desflurane, 

leaving the responsibility in the hands of departments and institutions. 

 

Individual practitioner behaviour change has hitherto been the lynchpin of sustainable anaesthetic 

practice, and efforts to change behaviour have so far focused on education [4,11,12]. Once informed 

about the environmental impact of anaesthesia and what they can do to help, anaesthesia providers 

should theoretically make different, better, choices. But is education sufficient on its own? In this 



editorial, we explore the limits of the education paradigm, arguing that it must be supplemented 

with alternative, evidence-based methods of promoting practice change. 

 

Responsibilities for greener practice  

Allow us first to sketch individual anaesthetists’ responsibilities when it comes to sustainable 

practice. A full defence of this is outside the scope of this editorial, but others have advanced a 

“principle of environmental prescribing”, which can be summarised as [13]: “Where two treatment 

options are considered equally safe and effective, prescribers should prioritise the one with a lesser 

impact on the environment.” 

 

Thus, in cases where TIVA is deemed (by the anaesthetist and the patient) to be equivalent to an 

inhalational technique, environmental impact should be the deciding factor. On a population level, 

there is little to suggest the clinical superiority of any of these approaches for many procedures, 

though this may be revised when the results of large-scale studies become available [14]. Since there 

is currently equipoise, with no high-quality evidence to suggest clinically important patient benefits 

from inhalational anaesthesia, we take the position that more environmentally sustainable 

anaesthetic techniques are no worse for patients.  

 

Drawing on the real-world data presented in the Greener NHS dashboard [6], we will discuss the 

switch from desflurane and towards TIVA in our worked examples, below, but much of the same 

logic could be applied to other decisions where there is clinical equipoise but an environmental 

benefit to one alternative (e.g. nitrous oxide vs. remifentanil, disposable devices vs. reusable 

devices).  

 

The limits of the education paradigm 

Education is theorised to work at the individual level by providing internal motivation for behaviour 

change. This model assumes a rational choice theory of human behaviour, postulating that 

individuals weigh the costs and benefits of decisions in order to bring about the best outcomes 

[15,16]. If this were true, failures to practice sustainably would represent either a failure to 

appropriately weigh environmental costs, or a failure to recognise one’s obligations to 

environmental prescribing.  

 

Two core problems arise with the education paradigm and its reliance on a rational choice theory of 

behaviour. First, there is an extensive body of research that demonstrates that humans are not 



rational in the way assumed. In short, humans show bounded rationality and make decisions that 

are oftentimes affected by in-built biases [15]. Even where education reveals one’s moral 

responsibilities and increases knowledge, if we predictably fail to utilise information appropriately 

because of limitations in our evolved psychology, education alone will be severely limited.  

 

The second problem is that the nature of climate change makes it particularly difficult to motivate 

behaviour change. Climate change results from the actions of many individuals and institutions over 

time and produces harms that extend globally and across many years. Gardiner describes these 

peculiar aspects of climate change and the barriers to change they present as a “perfect moral 

storm” [17]. In the face of a problem of this scale, responsibility can appear diluted, especially as 

human psychology has evolved to enable co-operation among small groups faced with medium-

sized, visually perceived and relatively immediate problems [18]. In addition, governments – limited 

by medium-term time horizons and national borders – are not optimised to respond to challenges 

like climate change. In the context of healthcare there are targets for reductions of some anaesthetic 

gases, but robust policies to achieve these and prevent individual anaesthetists simply practicing 

business as usual are lacking. 

 

Together, these features help to explain why presenting evidence around the contribution of 

anaesthetic practice to climate change often fails to motivate wholesale changes in practice. Even if 

anaesthetists know that inhaled agents are environmentally ‘harmful’, change can be delayed by 

vague, distant, probabilistic harms, dependent on the behaviours of countless others. Where change 

requires effort, it is easy to ignore or discount the wider consequences of one’s practice, given the 

scale of climate change; especially where practice is otherwise individually safe, effective and 

patient-centred, at least in the short-term. 

 

Environmental-responsibilities can be separated into levels, where ‘first-order’ refers to the 

responsibility of individuals to practice sustainably, and ‘second-order’ denotes the responsibility of 

institutions to facilitate this [19]. Having considered the challenges of relying on individuals, we turn 

to second-order responsibilities. There are various ways that those in power might help individuals 

comply with first-order responsibilities, including incentivisation, enablement or the creation of pro-

environmental norms [19]. These are all aimed at propagating certain behaviours. The extensive 

scholarship on so-called ‘nudges’ suggests several evidence-based tools that institutions can use to 

fulfil their second-order responsibilities to help anaesthetists make sustainable choices.  

 



Green nudges for sustainable practice  

‘Choice architecture’ describes all elements of the context where choices are made, including ease, 

timing and the available options [15]. Each of these elements can subtly influence behaviour, 

creating opportunities to modify the choice architecture and thereby harness behavioural biases to 

draw individuals towards certain choices, while leaving alternatives open [20]. In this sense, changes 

to the choice architecture are distinct from coercion and complement traditional information-

focused policies. Indeed, others have found that nudges can be effective at bringing about 

environmentally-friendly behaviour change across society [21]. 

 

A key corollary of the choice architecture is that there is no neutral: every element has implications 

for behaviour [15]. A choice architecture that leads anaesthetists away from making greener choices 

undermines their first-order responsibility to practice sustainably. It follows that those with power to 

shape the choice architecture – the ‘choice architects’ – have a second-order responsibility to make 

considered decisions about which behaviours to encourage and which to discourage, and then build 

the choice architecture accordingly. As greener choices are desirable, choice architects should shape 

environments to incentivise, enable, or create norms that increase the likelihood of these 

happening. For example, if desflurane vaporisers are kept on anaesthetic machines while target-

controlled infusion (TCI) pumps and TIVA administration sets are in short supply or kept in 

equipment storerooms, this makes it much harder for anaesthetists to turn to TIVA. One way that 

organisations can fulfil their second-order responsibilities is by altering the choice architecture to 

shift the default, in turn making it easier for individual anaesthetists to make sustainable choices. 

Nudges have been used to successfully change behaviour in other areas of healthcare, including 

antimicrobial stewardship [22,23]. 

 

Imposing change by prohibiting certain approaches risks backfiring by making anaesthetists feel 

disenfranchised and threatening their professional choices. Departments often therefore seek 

unanimous consensus before implementing new policies. However, when consensus is unattainable 

it presents an obstacle to change. A significant advantage of nudges is that, while they encourage 

certain behaviours, they do not prohibit alternatives, and professional autonomy remains intact. 

While achieving consensus is clearly desirable, nudges provide a route to changing practice when 

unanimous consensus cannot be reached because they change the structures within which decisions 

take place, rather than the decisions themselves. 

 



We propose nudges as a way for healthcare systems to fulfil their second-order responsibilities and 

make it easier to give a greener anaesthetic. We suggest various behaviourally informed nudges with 

an evidence base in other areas, and those that are simple, achievable, cheap and auditable. 

 

Labelling 

Labelling is an effective nudge to bring about behaviour change, for example calorie labelling applied 

to foods [24,25]. Labelling interventions are not merely information provision; they alter the factors 

considered at the moment of decision-making, helping to frame salient information and highlight 

factors that do not readily come to mind [16]. Labelling vaporisers is a simple and cheap intervention 

that has been used at some centres to reduce the use of volatile anaesthetics, particularly 

desflurane [26,27]. A well-designed anaesthetic label could reframe the decision as an 

environmental choice, not just one of convenience and familiarity.  

 

Defaults and creating an environmentally conscientious environment 

Various nudges could position TIVA as the default for delivering general anaesthesia, effectively 

requiring anaesthetists to ‘opt-in’ to volatiles. Defaults have proven effective in personal finance 

decisions, income tax payments and organ donation [28,29]. They are based on the tendency to ‘go 

with the flow’. Defaults leverage social influence by implying that the default choice is preferable in 

addition to capitalising on chooser inertia by making the choice easier, while also allowing other 

options.  

 

A department could become ‘TIVA-by-default’ by ensuring the availability of appropriate 

medications, TCI pumps, Luer-lock syringes, TIVA administration sets and processed EEG monitors in 

every operating theatre [30]. These interventions would remove common barriers to TIVA, 

presenting it as a viable default technique.  

 

Removing desflurane vaporisers from anaesthetic machines and storing them elsewhere also shifts 

the default, meaning anaesthetists must actively plan to use it. Several anaesthetic departments 

have successfully reduced their desflurane use this way. More radically, departments could treat 

desflurane like a controlled drug, requiring it to be signed out from locked storage. Not only does 

this provide a nudge towards more sustainable alternatives by making desflurane use inconvenient, 

but it also sends a powerful message: ‘the use of desflurane is unnecessary in most circumstances.’ 

The likely outcome is that most will dispense with desflurane. Whether and to what extent all 

vaporisers should be made less accessible is an open question that merits discussion considering 



potential safety issues. In the meantime, the disproportionate environmental impact of desflurane 

(and in England and Scotland – its impending removal from use) makes this drug an excellent place 

to start.  

 

Finally, hospitals must ensure that facilitating green decision-making is at the core of any change to 

the environment in which anaesthesia is provided. For example, redesigning anaesthetic charts with 

prioritised space for TCI and EEG data provides a constant reminder that TIVA is the departmental 

default. 

 

Peer comparison 

Where individual volatile consumption can be monitored, as with some electronic anaesthetic 

charting systems, peer comparison may be a useful means of driving social change. A randomised 

controlled trial found that peer comparison increased the number of doctors offering influenza 

vaccines [31]. As ‘boomerang effects’ are a known risk when peer comparisons are used in isolation, 

interventions are most effective when social approval for high performance is also demonstrated 

[32]. While the Greener NHS Dashboard effectively acts as a leaderboard, comparing different Trusts 

on their environmental credentials [5], there is some evidence that individual-level targets are more 

effective than group-level targets [33]. A regular email informing each anaesthetist of their volatile 

use alongside a comparison to an average for others in the department could inform individuals 

about their relative use of volatile anaesthetics, thereby motivating change while simultaneously 

celebrating the positive impact of switching from volatiles. 

 

Social commitment 

A group of anaesthetic trainees in Australia and New Zealand has supported hospitals to publicly 

pledge to remove desflurane from formularies by 2025 [34]. Similarly, departments could seek 

public commitments from staff to either eliminate or reduce their use of volatiles to a pre-specified 

level over a defined period. Pre-commitment has been shown to make people more likely to save for 

retirement, stop smoking and lose weight [35,36]. In some commitment arrangements, people stake 

money on meeting their commitment – introducing an element of risk [37], but it has also been 

noted that the ‘social shame’ of failure can have a similar effect, which might be especially effective 

among high-achieving medical professionals [38].  

 

Where there are various safe and effective anaesthetic options the tiebreaker ought to be the more 

sustainable option. Fulfilling this first-order responsibility requires individual behaviour change. 



While education regarding sustainable anaesthetic practice and the presence of this obligation is 

clearly important, it needs to be supplemented with institutional changes that encourage greener 

practices. Nudges fill this important gap of second-order responsibilities. Crucially, they do not rely 

on consensus to implement, nor on forced behavioural change. While the nudges we suggest have 

evidence of effectiveness in multiple settings, further study in the specific context of anaesthetic 

practice is welcome and would form an ideal basis for quality improvement work. 
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Caption for Figure 

Figure 1: Monthly carbon-equivalent footprints associated with volatile anaesthetic agents in NHS 

England institutions, April 2018 to October 2022 [6]. Blue, desflurane; yellow, sevoflurane; purple, 

isoflurane. CO2e, carbon dioxide equivalents (calculated by multiplying the mass of agent used by its 

100-year global warming potential). Re-drawn from the Greener NHS Dashboard, with permission. 

 


