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Abstract
Background The National Health Service (NHS) has pledged to reach carbon net-zero by 2040. In alignment with 
this goal, a London hospital’s anaesthesia department is actively reducing desflurane use and transitioning towards 
total intravenous anaesthesia (TIVA) as a sustainable alternative, contributing to environmentally responsible practices 
within the healthcare sector.

Methods We conducted a rapid qualitative appraisal through online interviews with 17 anaesthetic practitioners to 
explore their perspectives regarding this climate change mitigation strategy. Data analysis was undertaken through 
the use of rapid appraisal sheets and a framework analysis method.

Results Participants highlighted the disadvantages of TIVA, including the increased effort, heightened monitoring 
requirements, operational challenges, and a lack of clinical confidence associated with its use. Despite these 
reservations, participants acknowledged TIVA’s potential to reduce postoperative nausea. There were perceptions 
that senior staff members might resist this change due to habits and scepticism over its impact on climate change. To 
facilitate greater TIVA adoption, participants recommended enhanced training, the implementation of a dashboard 
to raise awareness of greenhouse gas (GHG) emissions, and the presence of strong climate change leadership 
within the department. Participants believed that a shift to TIVA should be followed by specific measures such as 
addressing waste management which is crucial for GHG reduction, emphasising the perceived link between waste 
and emissions.

Conclusions The evaluation examines stakeholder attitudes, perceptions, and behaviours, focusing on transitioning 
from desflurane to TIVA. The study highlights the importance of staff engagement, organisational support, and 
underscores the crucial role that healthcare practitioners and leadership play in fostering sustainability within the 
healthcare sector.
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Background
According to the World Health Organisation, climate 
change represents one of the greatest threats to public 
health [1]. In the UK, the National Health Service (NHS) 
contributes approximately 4–5% of the total carbon foot-
print [2], thus inadvertently contributing to the over-
all impact of greenhouse gases (GHGs) emitted by the 
health sector [3]. This carbon footprint comprises various 
GHGs, including carbon dioxide (CO2) and non-CO2 
GHGs. While carbon footprint assessments use CO2 
emissions as a common measurement and comparator, 
their global contribution is relatively minor. However, 
they are important for perioperative emissions reduc-
tion. The NHS has pledged to become carbon net-zero 
by 2040, for the emissions they can control directly. On 
the 1st of July 2022, this was embedded into legislation 
[4]. The Delivering a Net Zero NHS strategy is commit-
ted to reducing the NHS carbon footprint by 40%, spe-
cifically targeting the 2% associated with anaesthetic 
gases through transforming anaesthetic practice [5]. An 
important component of this lies in clinicians’ behaviour 
to avoid or replace carbon intensive practices [6].

The estimated contribution of volatile anaesthetic gases 
in climate temperatures range from 0.01 to 0.1 of total 
GHG emissions. However, despite their relatively minor 
global contribution, these estimations can fluctuate due 
to inconsistent application of methods and reporting [7]. 
Desflurane is a scope 1 volatile anaesthetic agent that can 
contribute to GHG emissions directly and is commonly 
administered to patients by inhalation during anaesthe-
sia procedures. It is understood that desflurane is the 
most damaging of these gases and has continued to grow 
steadily from 2000 to 2018 [8]. However, a recent study 
has shown that its atmospheric contributions are stable 
and possibly even started to decline [9]. To quantify the 
environmental impacts, a study found that desflurane has 
a 20-fold difference in GHG emissions compared to sevo-
flurane and 5-fold difference to isoflurane [10]. To further 
contextualise the damage caused, a single hour of desflu-
rane use at a fresh flow gas rate of 1 L/min is equivalent 
to the emissions produced by a 370 km drive.

The adoption of Total Intravenous Anaesthesia (TIVA) 
results in lower environmental impacts of GHG emis-
sions associated with volatile agents, achieved through 
the use of energy-intensive equipment [11]. Transitioning 
from desflurane to alternative volatile agents or TIVA can 
be considered a mitigation strategy [12, 13] with equiva-
lent quality of care [2]. Other volatile agents rather than 
TIVA can offer significant environmental advantages 
without some of the potential downsides associated with 
TIVA, such as increased turnover time, greater waste 

generation, and added technical complexity [14]. How-
ever, it is important to note that TIVA may outperform 
all volatile agents, in terms of specific outcomes such as 
reduced postoperative nausea and vomiting and does not 
lead to patient harm [2].

The perspectives of healthcare workers (HCWs) in 
strategies to transition from desflurane to TIVA are 
important as they help understand the attitudes regard-
ing climate change, their knowledge of the subject, 
addressing specific concerns or challenges and organ-
isational culture to create lasting changes [15]. Some 
studies have found that HCWs believe there is insuffi-
cient knowledge surrounding climate change in hospital 
environments [16]. In a three-stage Delphi consensus 
involving 45 anaesthetists globally, all with an interest in 
sustainability, it was concluded that anaesthetists do not 
believe that patient safety would be compromised by sus-
tainable anaesthetic practice, with ‘consensus’ defined as 
over 75%. Additionally, they agreed that hospitals should 
be mandated to reduce their GHG emissions [17]. Clini-
cal and administrative staff recognise climate change to 
be a critical issue and identify energy and waste to be 
the main contributors to GHG emissions. However, they 
do not feel responsible for mitigating climate change. 
This perception stems from their belief that prioritising 
patient care should be the utmost of their priorities [18]. 
Consequently, it is widely recognised that interventions 
tackling clinicians are the most effective and thus studies 
exploring the disparity between attitudes and behaviour 
are needed to reduce barriers to climate change mitiga-
tion strategies [19].

This study focuses on the transition from desflurane to 
TIVA as one strategy that anaesthetic practitioners can 
employ to reduce GHG emissions. This intervention con-
sists of two sub-interventions (1) phasing out desflurane 
compared to other volatile anaesthetic agents with less 
greenhouse warming potential, (2) changing from volatile 
anaesthetic agents to TIVA. It’s important to note that 
the perception, barriers, and enablers of each sub-inter-
vention might be vastly different.

Aims
In this evaluation we explore the views of anaesthetic 
practitioners at a London hospital, to identify the advan-
tages and disadvantages of this transition, as well as 
potential barriers, enablers and recommendations.

This study was guided by the following research ques-
tions below:

  • How do anaesthetic practitioners perceive the 
reduction of desflurane in relation to their practice?
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  • What are the perceived barriers and enablers 
to phasing out desflurane and increasing TIVA 
anaesthesia?

  • What strategies can be employed to effectively 
educate and engage anaesthesia practitioners in 
sustainable anaesthesia practices?

Methods
Design
This study was designed as a rapid qualitative appraisal, 
with interviews as the main source of data [20]. A rapid 
qualitative appraisal design is recommended to collect 
and analyse data in a targeted manner, under limited 
timeframes, to ‘diagnose’ situations [21]. Given the rap-
idly evolving healthcare interventions, real-time data 
collection and analysis are useful to support quicker 
implementation [22, 23]. These methods tend to rely on 
the use of teams to collect and analyse data in short time-
frames [24].

Sample and recruitment
Purposive sampling was used to ensure diversity of 
anaesthetic practitioners from a London hospital. The 
sample included 17 participants, including consultant 
anesthetists (n = 11), registrars (n = 3), trainees (n = 2) and 
anesthesia associates (n = 1). Staff members were sent an 
initial email with a participant information sheet (PIS) 
and given time to review and ask questions. Throughout 
recruitment, the evaluation team carefully reviewed the 
sample. A rigorous sampling framework targeted differ-
ent levels of seniority and ethnic identities. Recruitment 
was limited by participant availability and willingness to 
participate. Interviews were arranged via email commu-
nication and all of the recruited participants provided 
written consent.

Participants characteristics
Participants employed in the London anesthetic depart-
ment took part in the study. To protect participants 
identities, we have not included detailed table of charac-
teristics. The participant group included a range of pro-
fessional roles, such as consultant anaesthetists, trainee 
registrars, and anaesthetists. The participants varied in 
their years of experience, ranging from early career pro-
fessionals to those with over 20 years of practice.

Study setting
This study was conducted at a large academic health sci-
ence centre, with 12,000 employees, and is one of the 
five comprehensive biomedical research centres in the 
UK. The hospital organisation has pledged sustainabil-
ity objectives to achieve Net Zero emissions by 2031. 
In line with this, the Department of Anaesthesia & 

Peri-Operative Medicine formed an Anaesthesia Climate 
Emergency (ACE) Team to drive the department to Net 
Zero Anaesthesia. The department is a large academic 
department which comprises more than 150 consultant 
anaesthetists.

Data collection
In-depth, semi-structured interviews were conducted 
with staff members from the anaesthetics department 
at a London hospital via Microsoft Teams from 9 March 
2022 to 6 April 2022. This evaluation was undertaken by 
an external team conducting this study independently 
from the anaesthesia department or any other clinical 
unit at the hospital. Interviews lasted between 20 and 
30 min, and were conducted by a single researcher, using 
an interview topic guide (appendix 1). The interviews 
aimed to capture staff members’ perceptions of climate 
change, the removal of desflurane, transitioning towards 
intravenous anaesthesia, reasons why some staff may not 
support this change, organisational barriers, enablers, 
and recommendations for climate change mitigation 
and staff education (see interview topic guide). Prompts 
were included for questions asked to ensure topics were 
fully explored [25]. During the data collection process, 
broader topics of all volatiles emerged. These themes 
were not indicative of bias but rather a reflection of the 
participants’ perspectives and the complex nature of the 
topic. All interviews were audio recorded and the inter-
viewer took notes during the interviews. The study was 
classified as a service evaluation according to the Health 
Research Authority (HRA) decision tool, so it did not 
need to be reviewed by a Research Ethics Committee. 
Human Ethics and Consent to Participate declarations: 
All of the recruited participants provided written consent 
for their participation in the interviews.

Data analysis
We employed a rapid qualitative data approach for the 
analysis [21]. We used RREAL rapid assessment proce-
dures (RAP) sheets to structure and summarise data as 
it was being collected. This method allowed the evalua-
tion team to maintain consistency throughout data col-
lection and help identify the key findings [26] ensuring a 
high level of inter-rater reliability [27]. To manage poten-
tial researcher bias, we implemented several strategies to 
ensure the credibility of our findings. We used Frame-
work Analysis [28], a form of thematic analysis involv-
ing a codebook approach. Analysis involved creating 
and defining a matrix of themes using a coding template 
which was developed and refined through an iterative 
approach. The evaluation team met weekly to discuss 
and agree on codes, hold discussions on the indexing of 
codes, and reaching consensus on themes, which facili-
tated critical reflections and minimised individual biases. 



Page 4 of 10Iqbal et al. BMC Anesthesiology          (2024) 24:300 

Inter-rater reliability was determined by having multiple 
researchers independently code the same set of data, with 
discrepancy discussed until a consensus was reached. 
Additionally, we employed triangulation by cross-veri-
fying data from RAP sheets and recordings to identify 
any gaps or inconsistencies, enhancing the reliability of 
our results. Recruitment ended once the evaluation team 
stopped receiving responses from potential participants. 
Further recruitment rounds were not conducted as data 
was considered to have reached saturation by 17 inter-
views as no new themes were identified. Finally, we fol-
lowed Rapid and Rigorous Qualitative Data Analysis 
(RaDAR) techniques to reduce the volume of the quali-
tative data [29]. This involved creating more concise 
Microsoft Word tables, a process known as ‘data reduc-
tion,’ which transformed textual data into a more man-
ageable and user-friendly format. Quotes were identified 
by using participants’ professional role to preserve the 
context of their perspectives.

Results
The key findings of this study can be categorised into the 
following themes: Perceptions of ending the use of des-
flurane and increasing the use of intravenous anaesthe-
sia; the advantages and disadvantages of ending the use 
of desflurane and increasing the use of total intravenous 
anaesthesia; the barriers, and enablers of this change and 
recommendations identified by participants. We describe 
each theme and present tables with illustrative quotes in 
the following sections.

Theme 1: Perceptions of ending the use of desflurane and 
increasing the use of intravenous anaesthesia
Awareness of this transition within the department var-
ied among staff members. Some participants stated 
that they did perceive it as a significant shift in practice 
since desflurane is not used in theatres anymore, whilst 
others claimed they were unaware that this change was 
underway.

“It is not discussed in the department and not con-
sidered a critical issue” [Consultant Anaesthetist].

Exploring how staff felt about the transition revealed 
conflicting responses. Some believed it was a positive 
change, as the negative impacts of volatiles on the envi-
ronment were well-established and they were very willing 
to shift completely towards TIVA. “Anaesthetists are the 
most open to ideas and willing to make changes” [Anaes-
thetic Registrar].

However, others expressed concern about getting used 
to changing their standard technique. A few participants 
were against going vapour-free and stated there are no 
right or wrongs in anaesthesia, only different ways of 

doing things, and by reducing their choice, their useful-
ness as clinicians is limited.

“There is just different ways to do things. It’s nice 
to have a variety of methods and by reducing our 
choice, it limits how useful we can be. So, I am a lit-
tle against going for a zero-vapour situation” [Con-
sultant Anaesthetist].

Theme 2: Advantages and disadvantages of ending the 
use of desflurane and increasing the use of intravenous 
anaesthesia
Participants discussed advantages of this transition, 
including improved patient outcomes and organisa-
tional benefits such as a faster turnover of patients. How-
ever, disadvantages were frequently mentioned, such 
as patient awareness, the challenges associated with the 
maintenance of pumps whilst using TIVA, the dangers of 
clinicians’ lack of confidence with the technique and the 
increase in single-use plastic as a result of using TIVA. 
Tables  1 and 2 presents participants’ perceptions of the 
advantages and disadvantages of this climate change mit-
igation strategy with supporting quotes.

Theme 3: Potential barriers and enablers of ending the 
use of desflurane and shifting towards total intravenous 
anaesthesia & recommendations
The final theme presents experiences that were perceived 
by anaesthetists in the department affecting their tran-
sition from desflurane to TIVA. Findings fell under five 
sub-themes: Organisational barriers and barriers in cul-
ture; Staff members’ resistance to change; Training or 
staff shadowing initiatives; Organisational support and 
climate change; Raising awareness of climate change 
and connecting with national bodies to disseminate 
information.

Organisational barriers and barriers in culture
When asked about the organisational culture at this site, 
participants indicated that the hospital was not engaged 
in making changes due to logistics and lack of funding, 
slowing down this change to anaesthetic practice. Many 
clinicians stated that, when they made suggestions to 
the trust regarding changes, they were told there was no 
money.

“Generally, we are not light and easy about chang-
ing things, there is a process. There is a lot you have 
to get through to make changes, a lot of behind the 
scenes work” [Consultant Anaesthetist].

In addition, participants were sceptical whether chang-
ing individual practice would make a difference at an 
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organisational level as they believe there is a perceived 
culture of indifference towards climate change at their 
site. Many participants stated that if a large hospital 
operates efficiently, making changes could disrupt these 
effective processes.

“Climate indifference is the driving cultural barrier, 
we all think what we are doing won’t make the big-
gest change- this is the barrier” [Consultant Anaes-
thetist].

Data Table 1 Participants perceptions of the advantages of this climate change mitigation strategy and supporting quotes
Advantages Quotes
Evidence basis and research
Staff were aware of the greenhouse gas emission 
reduction benefit of this change. They conveyed that 
there is strong evidence basis behind the environ-
mental benefits of TIVA.

“Now that we have the added knowledge that the inhalation agents have negative impacts on cli-
mate change, it has added another reason as to why I want to use TIVA” [Consultant Anaesthetist].
 
“I read somewhere that using desflurane is like flying to New York from London with only 6 people on 
the plane- so, I’m not sad to see it go” [Anaesthetic Trainee].

Patient care
Participants frequently mentioned the advantage 
of TIVA in providing better patient experiences and 
post-operative outcomes.

“Smoother anaesthetic, less haemodynamic changes, better intraoperative analgesia, patients wake 
up smoother, they cough and vomit less and have less of that hungover effect” [Trainee Registrar].
 
“TIVA offers predictability and stability in terms of the wake-up profile […] this made me want to use 
TIVA for everyone” [Consultant Anaesthetist].

Advantages of specific types of surgery
Participants reported that TIVA worked better for 
airway, head and neck, and ENT surgery.

“TIVA really suits the style of anaesthetic needed for ENT and head and neck surgeries, there’s that 
added safety profile” [Consultant Anaesthetist].

Organisational benefits
In terms of organisational benefits, the faster turn-
over of patients due to fewer post-operative compli-
cations will lead to a positive impact on bed flow.

“Organisationally, there are advantages, you could enable quicker turnaround, as less complications 
means patients are in recovery for less time” [Anaesthetic Registrar].

Data Table 2 Participants perceptions of the disadvantages of this climate change mitigation strategy and supporting quotes
Disadvantages Quotes
Patient awareness
Increased chance of patient awareness and lack of reli-
ability of brain monitoring.

“There is a constant worry about awareness […] there is no machine to tell us we have achieved 
anaesthesia with the level that has been administered” [Consultant Anaesthetist].

More intensive monitoring
TIVA requires maintenance of pumps, continuous 
drawing up of drugs, constant vigilance of connec-
tions and infusions, and tailoring of dosage to patient 
demographics.

“TIVA is a lot more technical, a lot more work and lot more anxiety” [Consultant Anaesthetist].
 
“It leaves more space for error because you have more things to consider” [Anaesthetist].

Operational insufficiencies
The limited accessibility of infusion pumps and brain 
monitoring equipment was challenging.

“A major issue is a lack of availability of infusion pumps, my first job before I even saw patients 
would be to find the pumps, hide them in a cupboard and label them as mine, this was a real 
difficulty, but it has gradually improved over time” [Consultant Anaesthetist].

Clinician confidence in TIVA practice
Clinicians lacked confidence when using TIVA due to its 
complexities. Staff highlighted the potential dangers of 
not practicing confidently.

“TIVA is confounded by the fact that people are less confident using it, and therefore, the anaes-
thetic delivery overall may not be as good as volatiles” [Trainee Registrar].
 
“This is change in how we go about our craft and the most dangerous thing in medicine is doing 
some that is unfamiliar to you, this is where you put patients at risk” [Consultant Anaesthetist].

Other environmental concerns
TIVA produces a lot more plastic waste, such as syringes, 
vials, and packaging. Some stated that the benefits of 
reducing desflurane use to the environment will be 
overruled by poor waste management of the increase in 
single-use plastic.

“There’s not much evidence or concrete data yet on how much we are helping climate change 
by switching to TIVA” [Consultant Anaesthetist].
 
“The problem with TIVA is that you use a lot of plastic but also the procurement to buy in for us 
to be able to do things to reduce this waste effect is another issue” [Consultant Anaesthetist].
 
“To be honest, we’re no longer concerned about the shift to TIVA we’re more concerned about 
the increase in plastic waste it is creating” [Consultant Anaesthetist].
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Staff members’ resistance to change
The overarching reason why participants thought staff 
may not support this change came down to habit; they 
explained that anaesthesia is a very personal craft, 
and senior clinicians might find it difficult to change 
their practice after years of using volatiles. It is unlikely 
that consultants who have been practicing for years 
will accept the fact that they may need to be trained or 
retrained in a certain technique and master their practice 
all over again.

“Technique is such an important, personal thing but 
there are cultural and practice factors which means 
that technique might be a bit slower to change” 
[Trainee Registrar].

There was also evidence of a lack of understanding of the 
benefits of this change. Not many clinicians were familiar 
with the advantages of switching from desflurane to total 
intravenous, and many of them who knew the facts, were 
highly sceptical. A consultant anaesthetist stated that this 
idea of climate change scepticism is driven by the highly 
political nature of climate change. Some anaesthetic 
practitioners do not believe that TIVA has a lower envi-
ronmental impact.

“Discussions surrounding climate change are focused 
on global and national issues rather than telling us 
where the problems lie or what we need to focus on” 
[Consultant Anaesthetist].

However, one participant stated that it was not really 
about the principles and benefits of the change but more 
about laziness, if something makes practice more diffi-
cult, clinicians are less likely to engage. It is thought that 
TIVA is a longer process, and this will have repercussions 
on waiting lists, bed flow and staff morale. Also, when 
different equipment and techniques need to be used, 
more thought must be put into what clinicians are doing.

Finally, some participants mentioned a lack of con-
sequences which they felt led to inconsistent practices 
among staff. Participants provided examples of where 
they have observed other staff members using volatiles 
instead of TIVA, even in situations where they believed 
TIVA would be more appropriate. They explained that 
this is because many feel more comfortable and in con-
trol when using gas. However, this also comes down to 
people not wanting to be told what to do.

“I don’t think, I know, that there are some people 
who will continue to use volatiles- it is their first 
choice” [Consultant Anaesthetist].

Training or staff shadowing initiatives
A frequently mentioned enabler was training consul-
tants who felt out of their depth while using TIVA. Par-
ticipants mentioned that the focus should be to boost 
confidence and flexibility in practice. Suggestions were 
made to incorporate this into audit days to make it more 
accessible.

“Anaesthesia is a very personal thing and is very 
dependent on the anaesthetist on what they use 
why and when. It is driven by the patient but also 
the clinical scenario and surgery. So, it is the person 
that has to change what they’re doing, rather than 
the site” [Anaesthetist].

However, a few trainees stated that there was a differ-
ence between being taught and examined on something 
and being competent and confident to practise using that 
technique. Therefore, many suggested shadowing con-
sultants who use TIVA. However, others suggested that 
TIVA has been added to the curriculum with a better 
focus, which must be continued and emphasised.

“If you are not familiar you really do need someone 
to train you as a lack of confidence will affect effi-
ciency and patient safety” [Anaesthetic Trainee].

Organisational support and climate change
Most staff members believed that systemic barriers 
towards this change did not exist as this hospital is for-
ward-thinking and supportive of change. A lot of work 
has been carried out by this site to reduce any poten-
tial barriers, such as making TIVA equipment readily 
available and, in general, the hospital was labelled as a 
“pro-TIVA trust”. Participants discussed organisational 
incentives to support staff to adopt changes would help 
increase awareness.

“Incentivising people to think about it better, people 
don’t make change unless they have vested interest 
or something they care about, there is no incentive 
currently for anybody” [Consultant Anaesthetist].

The organisational commitment to implementing change 
at a high level will be a significant enabler. Participants 
shared that as soon as the discussion of discontinuing 
took place, it was promptly removed from Westmore-
land Street the following day. In terms of the culture of 
anaesthetic practitioners, the community in the UK is 
deemed open and innovative, according to the majority 
of consultants.
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“This site is the sort of place to say yes, this is the 
default answer. I wonder if this is because of funding 
or if someone has made a strong case and said we 
need x amount of pumps to make this work” [Anaes-
thetist Trainee].

Raising awareness of climate change practice
Many were aware of the environmental impact of their 
work and stated that this was due to having strong cli-
mate change leadership within the department. This 
has made a substantial difference in supporting the 
shift towards TIVA. Presentations by key departmen-
tal staff members has addressed the knowledge gap in a 
non-discriminatory way and contributed to the shift in 
awareness. Individual, informal conversations between 
colleagues and climate change leads appeared to foster 
this increase in awareness.

“Anaesthetists are very flexible, if they are in the 
know or have an interest, they are happy to learn 
and make changes and everyone willing to help one 
another” [Consultant Anaesthetist].

More research would most certainly enable this shift fur-
ther. Staff were interested in receiving more information 
relevant to this site, such as, how much their use of des-
flurane was contributing to GHG, so that they could put 
it into perspective.

“We need a variety of things that catch interest, jour-
nal clubs, posters, things on the machines (stickers), 
stop and think stickers on the volatiles- just so there 
is no way to get rid of it” [Anaesthetist].

Almost all participants recommended a dashboard that 
displays the weekly usage of volatile gas and GHG emis-
sion. They expressed a strong desire to understand the 
real contributors to waste and emissions in the depart-
ment, so they can identify their priorities. This could be 
strengthened by more signposting and visual aids around 
the hospital. It is crucial to advertise exactly what the 
changes that are being made at this site are, to make staff 
more conscious and engaged. For instance, having catchy 
“top tips” that automatically appear on staff desktops, 
more journal clubs, and stickers on machines to act as 
reminders of the negative impacts of using volatiles.

“It would be good to know, what are the real contrib-
utors to waste and emissions and what do we need 
to prioritise” [Consultant Anaesthetist].

Another frequently mentioned idea was the involve-
ment of national bodies. They could play a crucial role in 

creating standardised information packets, participating 
in in governance days, and utilising social media plat-
forms to disseminate information.

“Ending the use of desflurane is widely accepted and 
people feel it is the right thing to do, I havent seen 
desflurane used anywere, so, in practice, people are 
moving away from it” [Trainee Registrar].

Discussion
Our findings conveyed anaesthetic practitioners’ per-
ceptions of changing from desflurane to TIVA as part of 
mitigating GHG emission strategies in a London hospital 
anaesthesia department. Anaesthetic practitioners sup-
port the shift to TIVA due to its environmental benefits 
despite concerns about waste management. The invisibil-
ity of GHG emissions caused by using desflurane make 
it difficult for healthcare professionals to perceive asso-
ciated harm. This highlights the conflation of different 
environmental endpoints and that clinicians’ awareness 
of these endpoints are still in its infancy [30]. Addition-
ally, while TIVA avoids the direct GHG emissions associ-
ated with volatile anaesthetics like desflurane, it still has 
an environmental impact due to the manufacturing and 
disposal of consumables like plastic syringes. Therefore, 
using low-flow doses of sevoflurane (< 0.5  L/min fresh 
gas flow) can be a more environmentally friendly alterna-
tive to desflurane, given it generates much less GHG [31].

Participants conveyed drawbacks of TIVA, such as the 
unavailability of pumps, the increased effort involved, 
and perceived unreliability of brain monitoring. This 
aligns with previous studies, where infrequent users of 
TIVA discussed the added effort of performing TIVA, 
concerns over depth of anaesthesia and a lack of equip-
ment as major downsides [32].

A significant advantage of using TIVA in our sample 
was reduced postoperative nausea, which is a well-estab-
lished finding across the literature [33]. However, other 
studies have looked further into the wider benefits of this 
advantage, which found that less postoperative nausea 
necessitates fewer antiemetics, thereby representing a 
saving in drug costs, and preventing patient dissatisfac-
tion [34].

In addition, our findings suggested that staff recognised 
a significant organisational benefit of using desflurane 
to facilitate faster turnaround of patients due to quicker 
wake-up and fewer complications. However, although 
staff perceived these benefits, other studies have found 
that discharge times were not necessarily improved [17].

In terms of potential barriers to this transition, par-
ticipants anticipated resistance from some staff members 
who would not support the idea of changing their prac-
tice due to habit, laziness, and a lack of understanding of 
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the benefits. There was strong emphasis on the likelihood 
that senior clinicians, who have spent years perfecting 
their skills using volatile agents, are likely to resist this 
change. This finding is supported by a study [32] which 
found younger clinicians are more amenable to respect-
ing organisational preferences as older clinicians often 
define these preferences and are less likely to abandon 
habits.

Several participants recommended the need for more 
information on the damage their practice is causing, 
including a dashboard that informs of the volatile gas that 
has been used each week and the level of GHG emission. 
This highlights the idea of visibility. Staff acknowledge 
that making the consequences of their practice more visi-
ble will help them engage with climate change mitigation. 
This is supported by the Royal College of Anaesthetists 
[35] who demonstrated that if sustainability leads within 
anaesthesia provide such data, it not only raises aware-
ness, but also alters departmental behaviours.

Anaesthetic practitioners in this department recog-
nised and took steps to address their climate change 
practices. This supports the need for greater deployment 
of incentives, incorporating the social influences such as 
shadowing that anaesthetic practitioners see as poten-
tially effective. Our findings also indicate a need for train-
ing of anaesthetic practitioners who felt less confident 
using TIVA. Training programmes have been proven 
successful in changing the beliefs and behaviours of 
healthcare workers [8]. Finally, it is important to recog-
nise this is a complex issue, the broader concerns related 
to volatile anaesthetics reflect the interconnected nature 
of volatile practices and their environmental impact.

Strengths and limitations
This study contributes to the limited qualitative literature 
on anaesthetics’ perspectives of reducing carbon emis-
sions in healthcare settings. This study gave voices to the 
individuals directly involved in the transition from des-
flurane to TIVA, providing valuable insights for hospital 
decision-makers. Qualitative research allows evaluators 
to understand the organisational and cultural context 
in which behaviours occur and enable further research 
and provide insights for other similar departments. This 
study can help embed learning from evaluations aimed 
at promoting sustainable healthcare interventions into 
practice.

The findings of this study must be interpreted in rela-
tion to its limitations. Firstly, while the initial recruitment 
strategy aimed to be inclusive of different professional 
roles, our sample consisted of mostly consultant anaes-
thetists, potentially biasing results due to self-selection 
bias whereby those who had an interest in climate change 
were likely to have agreed to participate. In addition, the 
findings of the study may not be directly transferable to 

other hospitals or healthcare settings due to the unique 
specificities of each hospital. The limited sample size can 
further limit the transferability of the findings, emphasis-
ing the need for future research with a more diverse sam-
ple such as junior trainees, climate sceptics and within 
different hospital contexts. This study used qualitative 
research, many of our themes warrant more in-depth 
exploration. A rapid qualitative appraisal can have limi-
tations in comprehensively addressing multiple aspects 
of a complex topic. For example, this study did not spe-
cifically explore the potential oncological benefits of 
propofol over volatile anaesthetics, which could be con-
sidered in future research or clinical practice decisions. 
In addition, the availability or utilisation of monitoring 
equipment such as BIS and SedLine monitors were not 
assessed, which could have provided additional insights 
into clinical practices. Finally, the study focused on 
transitioning from desflurane to TIVA, overlooking all 
aspects of halogenated gases, pollution and other poten-
tial strategies for reducing gas usage or monitoring the 
depth of anaesthesia.

Research and clinical implications
To promote the sustainable use of inhalational anaesthe-
sia, the hospital built a Best Practice Advisory into the 
Electronic Health Record System. This system triggers 
a reminder if the anaesthetist is using fresh gas flows of 
> 1 L per minute. While this intervention addresses fresh 
gas flow rates, it does not directly address our primary 
aim, which was to replace desflurane with TIVA. How-
ever, it represents an additional day-to-day strategy to 
further reduce GHG emissions from inhalation anaesthe-
sia. Future research is needed for the evaluation of such 
interventions that target the carbon footprint of health-
care, including the replacement of desflurane with TIVA.

Approaches to understanding clinical behaviour 
towards reducing or shifting carbon-intensive actions are 
rarely reported but have clear potential benefits, such as 
overcoming obstacles due to organisational barriers and 
fostering a culture of sustainable anaesthesia practice. 
The decision to stop using desflurane in this hospital site 
was transformative because it developed a shared pur-
pose. The collective engagement was a cultural catalyst 
to drive the department together toward the delivery of 
more sustainable anaesthesia in the future,

This study explored specific sub-interventions, future 
research should explore the perceptions, barriers, and 
enablers of each sub-intervention separately, whilst also 
investigating variations in engagement across other 
Trusts and around the country. It is important to avoid 
dichotomies between environmental sustainability 
and patient safety, there is a need for a more nuanced 
approach that separately examines each intervention. 
Approaches to waste management within anaesthesia 
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departments should also be explored, as participants 
believed this would lead to a larger culture shift.

The diversity of recommendations for transitioning to 
TIVA and suggested strategies indicate that a variety of 
approaches are potentially helpful. These include train-
ing programmes for clinicians to enhance their under-
standing of sustainable practices and the environmental 
impact of anaesthetic practices, while also addressing 
misconceptions and providing evidence-based practice.
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