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ABSTRACT
Objectives  To agree on the ‘top 10’ research priorities for 
environmentally sustainable perioperative practice.
Design  Surveys and literature review; final consensus 
workshop using a nominal group technique.
Setting  UK-based setting.
Participants  Healthcare professionals, patients, carers 
and the public.
Outcome measures  Initial survey—suggested research 
questions; interim survey—shortlist of ‘indicative’ 
questions (the 20 most frequently nominated by patients, 
carers and the public, and healthcare professionals); final 
workshop—ranked research priorities.
Results  Initial survey—1926 suggestions by 296 
respondents, refined into 60 indicative questions. 
Interim survey—325 respondents. Final workshop—21 
participants agreed the ‘top 10’: (1) How can more 
sustainable reusable equipment safely be used during and 
around the time of an operation? (2) How can healthcare 
organisations more sustainably procure (obtain) medicines, 
equipment and items used during and around the time of 
an operation? (3) How can healthcare professionals who 
deliver care during and around the time of an operation 
be encouraged to adopt sustainable actions in practice? 
(4) Can more efficient use of operating theatres and 
associated practices reduce the environmental impact of 
operations? (5) How can the amount of waste generated 
during and around the time of an operation be minimised? 
(6) How do we measure and compare the short-term 
and long-term environmental impacts of surgical and 
non-surgical treatments for the same condition? (7) 
What is the environmental impact of different anaesthetic 
techniques (eg, different types of general, regional and 
local anaesthesia) used for the same operation? (8) How 
should the environmental impact of an operation be 
weighed against its clinical outcomes and financial costs? 

(9) How can environmental sustainability be incorporated 
into the organisational management of operating theatres? 
(10) What are the most sustainable forms of effective 
infection prevention and control used around the time of 
an operation (eg, personal protective equipment, drapes, 
clean air ventilation)?
Conclusions  A broad range of ‘end-users’ have identified 
research priorities for sustainable perioperative care.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The James Lind Alliance process is consensus-
based and transparent, and it includes measures to 
ensure that patient, carer and public opinions are 
represented.

	⇒ Patients, carers and members of the public com-
prised 21% of survey respondents overall, a smaller 
proportion than in many priority setting partnerships. 
This may have been because of the online methods 
used (due in part to the COVID-19 pandemic) or the 
novel subject matter.

	⇒ We ensured that ‘healthcare professional’ and ‘pa-
tient, carer and public’ priorities were given equal 
weighting at the interim priority setting stage.

	⇒ The scope of our work was limited to ‘care provid-
ed from or in the hospital setting to patients who 
may benefit from surgical management’ so does not 
include the full patient journey; future sustainability-
focused priority setting partnerships would be 
beneficial.

	⇒ In common with all priority setting partnerships, our 
methodology relied on active and voluntary partici-
pation, so it is possible that self-selection bias may 
have affected the results.
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INTRODUCTION
It is increasingly recognised that healthcare, as a resource-
intensive industry, makes a significant contribution to 
environmental harms such as global warming and pollu-
tion.1 In turn, these environmental harms contribute to ill 
health, thereby creating an increased demand for health-
care services.2 In the UK, National Health Service (NHS) 
trusts are recognised as ‘anchor institutions’, large organ-
isations that influence the health and well-being of their 
communities through providing not only healthcare but 
also practices in procurement, employment, community 
engagement and environmental responsibility.3 Recently, 
healthcare systems,4 professional societies5 6 and educa-
tional regulators7–9 have begun to issue guidelines and 
implement plans aiming to mitigate the carbon footprint 
and ecological impacts of healthcare. The rapid expan-
sion of interest in the area is both necessary and welcome 
but presents its own challenges. Though there are several 
high-impact measures that should be urgently imple-
mented (eg, decarbonisation of electricity production),4 
it is universally acknowledged that achieving sustainable 
healthcare will require research and innovation.4–6

Between 220 and 344 million operations are thought 
to be performed worldwide every year,10 a number which 
will increase as the Lancet Commission on Global Surgery 
target of 5000 operations per 100 000 population (approx-
imately 30% higher than at present) is approached.11 
The perioperative journey, from initial consultation to 
surgery and then discharge from hospital and recovery, 
is a complex process that involves many groups of 
hospital staff. Operations are known to be among the 
most resource-intensive healthcare interventions12; each 
operating theatre creates over two tonnes of solid waste 
per year,13 and a single operation can generate a ‘carbon 
footprint’ equivalent to driving more than 2000 miles.14 
Perioperative practice, therefore, represents a significant 
opportunity to make healthcare more environmentally 
sustainable. This opportunity has not gone unrecognised, 
and recent years have seen a proliferation in research 
funding, fellowship posts and publications relating to 
sustainability in the perioperative period.15–17

Noting the increasing interest in research relating to 
sustainability in perioperative practice, we felt that this 
represented an ideal subject for a James Lind Alliance 
(JLA) Priority Setting Partnership (PSP) to direct and 
inform future research.

The JLA is a not-for-profit organisation, founded 
to address evidence uncertainties in specific areas of 
research through collaboration between patients, carers 
and clinicians.18 Using an ‘open-to all’ survey-based 
approach, the JLA seeks to engage the ‘end-users’ of 
research to help direct funding to the areas of greatest 
need, thereby minimising biases caused by financial or 
purely scientific research motives. Since its founding in 
2004, it has facilitated more than 140 PSPs, developing 
a robust methodology to identify the ‘top 10’ research 
priorities in a given subject area.19

In 2019, we were successful in our application to the 
JLA to run ‘Greener Operations’, a PSP which aimed 
to identify the top 10 unanswered research questions 
connected to environmentally sustainable perioperative 
practice, as defined by an expansive group of patients, 
carers, members of the public and healthcare workers. 
We believe this to be the first PSP to be conducted in any 
field of sustainable healthcare.

METHODS
The Greener Operations PSP was conducted according to 
the standard JLA methodology as summarised in figure 1, 
by a team comprising project leads (consultant surgeon 
DJ and consultant anaesthetist CLS), information 
specialists (anaesthesia research fellows HN and MC-S), 
a multidisciplinary steering group composed of health-
care professionals and patient and public representatives 
and a James Lind Alliance advisor (JG).20 The PSP was 
supported by partner organisations involved or interested 
in perioperative care, such as professional associations, 
royal colleges and patient groups. Potential participants 
were provided with an explanation of what each phase 
of the project involved, including how the data would 

Figure 1  An overview of the Greener Operations James Lind Alliance (JLA) Priority Setting Partnership process.
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be used, as described below. Written consent was not 
requested from participants.

Ethics approval statement
As this was a patient and public involvement project, based 
on surveys that were available to all on a voluntary basis, 
research ethics committee approval was not required.20

Setting up the priority setting partnership
Following the approval of charitable funding, the PSP 
was established in August 2020 by the project leads. Two 
information specialists were appointed, to be responsible 
for managing the surveys and data analysis, and an advisor 
was assigned by the JLA. Partner organisations (detailed 
in Acknowledgements), responsible for promoting the 
PSP and ensuring that surveys reached as wide an audi-
ence as possible, were recruited by the project leads by 
email contact with organisational representatives. The 
steering group was formed by inviting expressions of 
interest from individuals linked to the partner organi-
sations (eg, members of environmental or perioperative 
committees or working groups). We aimed to recruit a 
wide range of healthcare professionals involved in periop-
erative practice, including surgeons, anaesthetists, nurses, 
operating department practitioners and pharmacists. In 
addition, the steering group included non-clinical health-
care professionals involved in sustainability (a manager, 
an educator and a sustainability officer) and individuals 
with lived experience of undergoing surgery who could 
represent patients’ interests.

Because of the ongoing COVID-19 pandemic and a 
desire to minimise the environmental impacts of the 
project itself, it was agreed by the steering group that 
all meetings would be held online. The meetings were 
chaired by the JLA advisor and conducted using a video 
conferencing platform (Zoom; Zoom Video Communica-
tions, San Jose, California, USA).

Defining scope
At the initial meeting of the steering group, the study 
protocol and scope of the PSP were confirmed.21 
Though we recognised that the complete perioperative 
journey often commences and ends in the community, 
for pragmatic reasons we defined ‘perioperative prac-
tice’ as being provided from or in the hospital setting 
to patients who may benefit from surgical management, 
including:

	► Preoperative assessment and optimisation (eg, preop-
erative clinic).

	► Counselling and shared decision-making (including 
decisions regarding the appropriateness of surgery and 
different approaches to perioperative management).

	► Preoperative and postoperative hospital care 
(including outpatient, ambulatory, virtual and inpa-
tient care).

	► Intraoperative management (including surgical and 
anaesthetic techniques).

	► Both clinical (eg, surgical and anaesthetic techniques) 
and non-clinical (eg, energy, water, waste manage-
ment and recycling) aspects.

	► Implementation of these practices within organisa-
tions and departments.

	► Achieving positive perioperative outcomes.
Care beyond the early postoperative period (eg, 

prolonged rehabilitation), broader aspects of environ-
mental sustainability and non-UK practice were consid-
ered out of scope, along with questions relating to 
denying management of illness purely on the basis of 
environmental sustainability.

Gathering uncertainties
An initial online survey (SurveyMonkey; Momentive, 
San Mateo, California, USA) was used to invite patients, 
carers, healthcare professionals and members of the 
public to suggest evidence of uncertainties connected 
with sustainable perioperative care. Respondents were 
asked to state, via free-text boxes, what questions they felt 
needed to be answered by future research to help make 
perioperative practice more environmentally sustainable. 
To help respondents to consider the full scope of the 
perioperative patient journey, we asked them to consider 
the preoperative, intraoperative and postoperative phases 
and also invited any further suggestions. In addition to 
suggested questions, demographic data were collected. 
After a pilot within the steering group, the initial survey 
was launched online on 10 May 2021 and disseminated 
through partner organisations (see Acknowledgements), 
the project website and social media, using a web link and 
quick response code. Demographic data were routinely 
reviewed to consider whether the survey was successfully 
reaching all stakeholder groups. The survey remained 
open for 17 weeks, until 31 August 2021.

Data processing
After closing the survey, the raw data were downloaded 
for processing and analysis. To maintain data integ-
rity and facilitate cross-checking, each respondent was 
assigned a unique code number, with each individual 
response assigned a subcode. Suggestions were assessed 
independently by the information specialists to deter-
mine whether they were in scope or out of scope, based 
on the criteria in the PSP protocol. Where both informa-
tion specialists agreed that a suggestion was out of scope, 
that suggestion was not analysed further. Suggestions that 
did not clearly fall in or out of scope were kept for further 
analysis to ensure potentially relevant suggestions were 
not missed.

To aid with analysis, suggestions were categorised into 
themes by the information specialists based on the subject 
matter. The themes and suggestions were then reviewed 
by members of the steering group to form a list of indic-
ative questions, agreed on by consensus. Suggestions 
that were deemed to be similar were combined to form 
a single indicative question; others that were deemed 
to be too broad were split into separate questions. Each 
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in-scope suggestion was allocated to a minimum of one 
appropriate indicative question to ensure all data were 
kept in the analysis.20 The steering group then cross-
checked the list of indicative questions with the individual 
suggestions to ensure that the meaning of the suggestions 
was captured appropriately.

Literature review
A literature review was undertaken to identify if any of 
the indicative questions had already been answered by 
currently available research. Following the standard JLA 
principles, questions were categorised as having been 
answered ‘completely’, ‘partially’ or ‘not at all’.20 For a 
question to be deemed ‘answered completely’, a rele-
vant, up-to-date and reliable systematic review or national 
clinical guideline that addressed the question would be 
required. If no relevant reviews or guidelines were found, 
the question would be deemed ‘not at all’ answered. If 
reviews or guidelines were identified that did not meet the 
criteria for ‘completely’ answering the question (eg, only 
partly relevant or with clear methodological concerns), 
the question would be deemed ‘partially answered’. For 
each indicative question, we worked with a healthcare 
librarian (OS) to search relevant databases (EMBASE, 
CINAHL, Medline and the Cochrane Database of System-
atic Reviews; see online supplemental appendix, table 
A1) and reviewed guidelines from the National Institute 
for Health and Care Excellence, the Scottish Intercolle-
giate Guidelines Network and relevant Royal Colleges 
and professional associations. In addition, members of 
the steering group who were members of professional 
organisations checked if there were any guidelines ‘in 
press’. The findings of the literature review were reviewed 
by the steering group which decided whether any ques-
tions could be deemed to be answered completely. Ques-
tions that had some evidence available that did not meet 
the criteria for being completely answered were classified 
as partially answered, and these questions, along with the 
unanswered ones, were taken forward into the interim 
survey.

Interim priority setting
A second online survey (SurveyMonkey, Momentive) 
was used to rank the long list of indicative questions to 
generate a shortlist of the most important questions that 
could then be discussed at the final prioritisation work-
shop. Respondents were presented with the indicative 
questions, displayed in a random order unique to each 
respondent and asked to select the 10 questions they felt 
were most important. In addition, routine demographic 
data were collected. The survey was open for 6 weeks 
from 19 April to 30 May 2022. Following this, the raw 
data were analysed to identify the questions selected the 
most frequently. To moderate the influence of unequal 
numbers of respondents from different backgrounds, 
equal weighting was given to the overall question rank-
ings from the healthcare professionals, and the overall 
rankings from respondents who classified themselves as 

patients, carers or members of the public. The 20 ques-
tions most frequently selected by these two groups were 
taken forward to the final priority setting workshop.

Final priority setting workshop
The final priority setting workshop aimed to rank the 
priorities taken forward from the interim priority setting 
stage to identify the top 10 priorities. It was a 1 day 
in-person event, conducted according to a nominal 
group technique,22 chaired and facilitated by a team of 
advisors from the JLA. Respondents to the interim survey 
were invited to express an interest in participating in 
the workshop, and invitations were made using a purpo-
sive approach to promote a balanced group in terms of 
background (healthcare professional or patient, carer 
or member of the public). Participants were asked, in 
advance, to consider the importance of the questions 
for discussion. The JLA advisors allocated participants 
to three small groups of up to 10 people, aiming for a 
diverse mix of backgrounds in each group. The process 
comprised five phases20:
1.	 Small group discussions: participants listed the three 

questions they felt were most important for research, 
and the three that they felt were least important. These 
were recorded by the facilitator, and an opportunity 
for further discussion and clarification was provided.

2.	 First round of small group ranking: in the same groups, 
the facilitator laid out the questions on printed cards, 
in rough groupings: those which were thought to be 
most important by group members, those thought to 
be least important and those not mentioned or where 
there was divergence of views. Group participants then 
prioritised all of the questions by moving the cards into 
rank order. The ranking scores of the interim survey 
were made available to participants at this phase, to as-
sist with ranking decisions.

3.	 Plenary review: the ranking agreed by each group was 
entered into a spreadsheet and assigned a value (high-
est rank=1, second highest=2, etc). These ranks were 
combined by addition to create an aggregate rank list. 
The aggregate ranks were presented to all workshop 
participants in plenary, with an opportunity for discus-
sion.

4.	 Second round of small group ranking: participants 
were allocated to new groups by the JLA advisors, aim-
ing to maintain a balance of backgrounds and expose 
participants to a different range of views. These new 
groups discussed and revised the aggregate ranked list, 
again by moving cards positioned to reflect the rank 
order.

5.	 Final plenary review: as per phase 3, the small group 
scores were entered into a spreadsheet and combined 
by addition. The aggregate ranking was presented to 
all workshop participants in plenary, with the cards laid 
out in order. The ranking was discussed in a plenary 
group to agree the final ranking.

The final workshop discussions were chaired by trained 
JLA advisers to ensure that no one group or individual 

https://dx.doi.org/10.1136/bmjopen-2022-066622
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dominated the decision-making. The aim was to reach an 
agreement by consensus at the end of each phase, with 
decisions made by majority vote if consensus could not 
be reached.

Patient and public involvement
How was the development of the research question and 
outcome measures informed by patients’ priorities, expe-
rience and preferences?

	► Four members of the steering group were patient and 
public representatives, who contributed to the devel-
opment of the protocol for the PSP.

How did you involve patients in the design of this study?
	► The patient and public members participated fully in 

all duties of the steering group, including the design 
of the surveys and the definition and wording of the 
indicative questions.

Were patients involved in the recruitment and conduct 
of the study?

	► The patient and public representatives participated 
in developing the recruitment strategy, liaising with 
partner organisations, producing explanatory docu-
ments and analysing the study data.

How will the results be disseminated to study 
participants?

	► In addition to this paper, we have produced a short 
video explaining the process and outcomes, uploaded 
the results to the JLA website, shared the findings via 
social media and will work with our patient and public 
representatives to produce a plain English summary 
document.

RESULTS
Two hundred and ninety-six individuals responded to the 
initial survey, of whom 230 (77.7%) classified themselves 
as healthcare professionals, 40 (13.5%) as members of 
the public, 21 (7.1%) as patients and 3 (1.0%) as carers. 
Detailed demographics are displayed in table 1.

Respondents to the initial survey suggested 1926 uncer-
tainties for research. After initial review, we removed 
309 suggestions that we agreed to be out of scope. After 
thematic categorisation of the remaining 1617 sugges-
tions, 78 themes were identified. This was further consol-
idated to 60 indicative questions by steering group 
consensus.

The literature review revealed that none of the indica-
tive questions had been completely answered by currently 
available research (online supplemental appendix table 
A2). Members of the steering group who were part of 
professional bodies confirmed there were no relevant 
upcoming guidelines from their respective organisations 
that would answer the questions. Twenty-three questions 
were found to be partially answered by the available 
evidence. Therefore, all 60 indicative questions were 
included in the interim survey.

Three hundred and twenty-five individuals responded 
to the interim survey, of whom 254 (78.2%) classified 
themselves as healthcare professionals, 45 (13.8%) 

Table 1  Demographic details of respondents to the initial 
and interim Greener Operations surveys

Initial survey Interim survey

Total responses 296 325

Gender

 � Woman (including 
trans woman)

171 (57.8%) 187 (57.5%)

 � Man (including trans 
man)

110 (37.2%) 122 (37.5%)

 � Non-binary 4 (1.4%) 0 (0%)

 � Prefer not to say 8 (2.7%) 7 (2.2%)

 � Other 1 (0.3%) 4 (1.2%)

 � Question skipped 2 (0.7%) 5 (1.5%)

Age

 � Under 18 years 0 (0%) 0 (0%)

 � 18–25 years 5 (17%) 7 (2.2%)

 � 26–40 years 84 (28.6%) 139 (42.8%)

 � 41–60 years 139 (47.3%) 130 (40.0%)

 � 61–80 years 57 (19.4%) 38 (11.7%)

 � Over 80 years 3 (1.0%) 0 (0%)

 � Prefer not to say 6 (2.0%) 6 (1.9%)

 � Question skipped 2 (0.7%) 5 (1.5%)

Ethnic group

 � White 230 (77.7%) 258 (79.4%)

 � Asian or Asian British 34 (11.5%) 33 (10.1%)

 � Black, African 
Caribbean or Black 
British

3 (1.0%) 2 (0.6%)

 � Mixed or multiple 
ethnic groups

6 (2.0%) 13 (4.0%)

 � Other ethnic group 3 (1.0%) 3 (0.9%)

 � Prefer not to say 18 (6.1%) 11 (3.4%)

 � Question skipped 2 (0.7%) 5 (1.5%)

Region

 � North West England 82 (27.7%) 115 (35.4%)

 � North East England 35 (11.8%) 31 (9.5%)

 � West Midlands 12 (4.1%) 21 (6.5%)

 � East Midlands 17 (5.7%) 14 (4.3%)

 � London 33 (11.1%) 28 (8.6%)

 � South West England 18 (6.1%) 19 (5.8%)

 � South East England 52 (17.6%) 43 (13.2%)

 � Scotland 9 (3.0%) 14 (4.3%)

 � Wales 18 (6.1%) 6 (1.8%)

 � Northern Ireland 2 (0.7%) 4 (1.2%)

 � Outside UK 7 (2.4%) 18 (5.5%)

 � Prefer not to say 9 (3.0%) 7 (2.2%)

 � Question skipped 2 (0.7%) 5 (1.5%)

Background

Continued
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as members of the public, 19 (5.8%) as patients and 2 
(0.6%) as carers. Detailed demographics are displayed in 
table 1.

The number of selections for each question was ranked 
separately according to whether respondents were health-
care professionals or patients, carers and members of the 
public. A fractional ranking technique (tied ranks being 
assigned the mean of the ranking positions) was used to 
identify the 20 highest-ranked questions for each group, 
14 of which were common to both groups (table 2). This 
led to 25 questions progressing into the final prioritisa-
tion workshop.

A total of 21 individuals attended the final prioritisation 
workshop, of whom 8 classified themselves as patients, 
carers or members of the public and 13 as healthcare 
professionals. The healthcare professionals comprised 
three surgeons, one operating department practitioner, 
five anaesthetists, one medical student, one foundation 
doctor, one optometrist and one sustainability officer. 
Three of the patient, carer and public representatives 

were also members of the Greener Operations steering 
group. We noted that four of the patient, carer and public 
representatives had worked in healthcare at some point 
in their careers. Five observers from stakeholder organ-
isations (eg, the National Institute for Health and Care 
Research, Greener NHS) and the Greener Operations 
project leads and information specialists were present 
but did not take part in the prioritisation discussions. 
The 25 indicative questions were ranked, and the top 10 
priorities for research into sustainable perioperative prac-
tice were agreed (table 3). All decisions were reached by 
consensus, with no majority votes required.

DISCUSSION
The Greener Operations PSP has identified the top 25 
research priorities for sustainable perioperative practice, 
with an emphasis on the top 10. This provides a robust basis 
for end-user focused research into mitigating the environ-
mental impacts of a resource-intensive area of healthcare 
at a time of climate crisis.4 Despite a recent increase in the 
number of publications into sustainable healthcare in the 
perioperative period,22 this remains a relatively underin-
vestigated area—as indicated by our literature review that 
revealed no ‘completely answered’ indicative questions. 
Though there are established sustainability measures that 
are already being implemented at scale (eg, anaesthetic 
gas mitigation, reusable surgical drapes), research will be 
required to understand how a fully sustainable healthcare 
system can be achieved.4 Furthermore, implementation 
research will be required to identify how to achieve some 
of the behavioural elements (eg, changes in practice) that 
have been identified as important but not yet integrated 
into practice. The top 10 research priorities relate to 
research uncertainties across multiple areas of research 
interest, including implementation (priorities 1 and 3), 
manufacturing and supply (priority 2), management 
(priorities 4 and 9), waste (priorities 1 and 5), surgery 
(priority 6), anaesthesia (priority 7), medical ethics 
(priority 8), economics (priority 8 and 9) and infection 
control (priority 10). This both underlines the interdisci-
plinary relevance of the PSP and highlights the complexity 
of the sustainability challenge faced by healthcare.23

Our PSP had an above-average overall number of 
suggestions in the primary survey (1926, compared with 
the mean of 1723),24 with each respondent contributing 
more than six suggestions on average. This is likely to be 
representative of the enthusiasm for this area of study 
among the participants. While the JLA process aims to 
engage a broad range of respondents, it is not uncommon 
for PSPs to have an imbalance in the background of 
survey respondents.25–28 Our PSP had a preponderance 
of healthcare professional respondents, with 78.2% 
fitting into this category across both surveys. Our use of 
internet-based approaches, for example, social media and 
online surveys, may have contributed to the imbalance of 
respondents, as the likelihood of having had an opera-
tion (therefore feeling more informed to comment on 

Initial survey Interim survey

 � Patient 21 (7.1%) 19 (5.8%)

 � Carer 3 (1.0%) 2 (0.6%)

 � Member of the public 40 (13.5%) 45 (13.8%)

 � Healthcare 
professional

230 (77.7%) 254 (78.2%)

 � Question skipped 2 (0.7%) 5 (1.5%)

Profession (if healthcare 
professional)

 � Advanced 
practitioner

2 (0.9%) 4 (1.6%)

 � Anaesthesia 
associate

4 (1.7%) 2 (0.8%)

 � Dentist 2 (0.9%) 2 (0.8%)

 � Doctor 142 (61.7%) 172 (67.7%)

 � Healthcare assistant 4 (1.7%) 0 (0%)

 � Nurse 23 (10.0%) 16 (6.3%)

 � Operating 
department 
practitioner

7 (3.0%) 20 (7.9%)

 � Non-clinical role 3 (1.3%) 6 (2.4%)

 � Midwife 0 (0%) 4 (1.6%)

 � Paramedic 1 (0.4%) 0 (0%)

 � Perfusionist 1 (0.4%) 0 (0%)

 � Pharmacist 10 (4.3%) 1 (0.4%)

 � Physiotherapist 2 (0.9%) 0 (0%)

 � Porter 1 (0.4%) 0 (0%)

 � Radiographer 0 (0%) 1 (0.4%)

 � Other 15 24 (9.4%)

 � Question skipped 13 (5.7%) 2 (0.8%)

Table 1  Continued
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the perioperative process) increases with age, whereas 
internet usage is inversely proportional to age.29 30 
Methods to address this such as in-person or paper surveys 
(eg, made available at patient encounters such as clinics 
as in other PSPs) were not feasible for our project given 
the restrictions on social contact owing to the COVID-19 
pandemic at the time of the work. However, we are confi-
dent that the overall results were representative of both 
healthcare and non-healthcare groups, because the JLA 
methodology controls for imbalances in survey response 

numbers and also because the results of the interim 
survey showed strong alignment in priorities between 
both groups (table  2). This was further strengthened 
through active patient, carer and public participation in 
the final workshop. In common with all PSPs, our meth-
odology relied on active and voluntary participation, and 
it is possible that self-selection bias may have affected the 
results, for example by emphasising the views of ‘environ-
mentally conscious’ individuals who may have been more 
motivated to be involved.

Table 2  Highest-ranked indicative questions in the interim survey

Question

Healthcare 
professional 
interim rank

Patient, carer 
and public 
interim rank

Combined 
interim 
rank

What alternative, more sustainable, materials can replace plastic packaging and equipment used during 
and around the time of an operation?

1 1.5 1

Can equipment be recycled or repaired, instead of being disposed of, to reduce its environmental 
impact?

3 1.5 2

How can the amount of waste generated during and around the time of an operation be minimised? 2 3.5 3

What are the most sustainable forms of effective infection, prevention and control used around the time 
of an operation (eg, PPE, drapes, clean air ventilation)?

4 3.5 4

How much recyclable waste generated during an operation is being appropriately recycled? 5 5.5 5

How do we define and avoid low-benefit or unnecessary operations? 12 7 6

How can more sustainable reusable equipment safely be used during and around the time of an 
operation?

16 5.5 7

How do we measure the carbon footprint of an operation? 14 10 8

How can healthcare professionals who deliver care during and around the time of an operation be 
encouraged to adopt sustainable actions in practice?

12 13 9.5

How can energy usage within an operating theatre be safely reduced? 8 17 9.5

How can we compare the environmental impacts of reusable and single-use equipment used during 
and around the time of an operation?

10 17 11

How can healthcare organisations more sustainably procure (obtain) medicines, equipment and items 
used during and around the time of an operation?

9 21 12.5

Can alternative, more environmentally sustainable, methods of disposal be used for waste that is 
generated during and around the time of an operation?

6 24 12.5

How can environmental sustainability be incorporated into the organisational management of operating 
theatres?

15 17 14.5

What are the best ways to educate healthcare professionals who provide care before, during and after 
operations, about sustainable healthcare?

22 10 14.5

What is the most sustainable way of providing equipment packs for an operation? 19.5 13 16.5

What is the most sustainable way to sterilise equipment used during an operation? 19.5 13 16.5

Can more efficient use of operating theatres and associated practices reduce the environmental impact 
of operations?

27.5 10 18

How can the waste of drugs be avoided during and around the time of an operation? 21 17 19

How can drug syringes be used better to reduce their environmental impact? 12 26.5 20

How can we increase the reuse and recycling of equipment used for rehabilitation in the recovery 
period after an operation?

38.5 8 22

What is the environmental impact of different anaesthetic techniques (eg, different types of general, 
regional and local anaesthesia) used for the same operation?

7 40.5 23.5

How do we measure and compare the short-term and long-term environmental impacts of surgical and 
non-surgical treatments for the same condition?

35 17 26

What are the barriers to using more sustainable anaesthetic practices? 18 40.5 28.5

How should the environmental impact of an operation be weighed against its clinical outcomes and 
financial costs?

17 50.5 32

Left column: healthcare professionals; middle column: patients, carers and members of the public; right column: combined rank. The top 20 questions for each 
group are highlighted in green. The combined rank (used for data organisation only) was calculated by adding the two rank scores, then ranking the added scores.
PPE, personal protective equipment.
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The Greener Operations priorities should provide 
a valuable resource for researchers and funders. Based 
on our literature review, we are confident that none of 
the identified research priorities have been completely 
answered by existing research. However, some priorities 
have attracted a significant research effort in recent years 
and have therefore been partially answered. In partic-
ular, the ‘carbon footprints’ of various anaesthetic agents, 
disposable and reusable instruments, infection control 
supplies and personal protective equipment (relating 
to priorities 1, 7 and 10) have been investigated.14 31–34 

Here, there is an increasing amount of coherent data 
on climate impacts (ie, ‘carbon footprints’), but other 
aspects (eg, the ecotoxic effects of plastic waste and/
or drug and metabolite disposal) remain underinvesti-
gated.34 Furthermore, sustainable perioperative care is an 
area of current innovation, and new developments may 
render current concepts rapidly outdated.35 36 Neverthe-
less, experts in the field who are aware of the current liter-
ature may consider some questions outside the Greener 
Operations rankings to be of greater priority than some 
of those within. The PSP process should not be seen 

Table 3  Ranked research priorities from the final Greener Operations Priority setting workshop

Rank Question

1 How can more sustainable reusable equipment safely be used during and around the time of an operation?

2 How can healthcare organisations more sustainably procure (obtain) medicines, equipment and items used during 
and around the time of an operation?

3 How can healthcare professionals who deliver care during and around the time of an operation be encouraged to 
adopt sustainable actions in practice?

4 Can more efficient use of operating theatres and associated practices reduce the environmental impact of 
operations?

5 How can the amount of waste generated during and around the time of an operation be minimised?

6 How do we measure and compare the short-term and long-term environmental impacts of surgical and non-surgical 
treatments for the same condition?

7 What is the environmental impact of different anaesthetic techniques (eg, different types of general, regional and local 
anaesthesia) used for the same operation?

8 How should the environmental impact of an operation be weighed against its clinical outcomes and financial costs?

9 How can environmental sustainability be incorporated into the organisational management of operating theatres?

10 What are the most sustainable forms of effective infection prevention and control used around the time of an 
operation (eg, PPE, drapes, clean air ventilation)?

11 How do we measure the carbon footprint of an operation?

12 What are the best ways to educate healthcare professionals who provide care before, during and after operations, 
about sustainable healthcare?

13 Can equipment be recycled or repaired, instead of being disposed of, to reduce its environmental impact?

14 How can the waste of drugs be avoided during and around the time of an operation?

15 What alternative, more sustainable, materials can replace plastic packaging and equipment used during and around 
the time of an operation?

16 How do we define and avoid low-benefit or unnecessary operations?

17 How can energy usage within an operating theatre be safely reduced?

18 What are the barriers to using more sustainable anaesthetic practices?

19 How can we increase the reuse and recycling of equipment used for rehabilitation in the recovery period after an 
operation?

20 Can alternative, more environmentally sustainable, methods of disposal be used for waste that is generated during 
and around the time of an operation?

21 What is the most sustainable way of providing equipment packs for an operation?

22 How can we compare the environmental impacts of reusable and single-use equipment used during and around the 
time of an operation?

23 How much recyclable waste generated during an operation is being appropriately recycled?

24 What is the most sustainable way to sterilise equipment used during an operation?

25 How can drug syringes be used better to reduce their environmental impact?

The ‘Top 10’ are highlighted in green.
PPE, personal protective equipment.
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to diminish the value of this expertise. Rather, it adds 
insight into what the end-users of research—patients, 
carers, public and clinicians—perceive to be important 
about environmentally sustainable perioperative care. 
The priority questions are intentionally broad in scope, 
and we encourage researchers to draw on them in the 
development of projects. Of note, there appears to be an 
increasing number of funding calls relevant to this topic 
area, which we hope will be maintained in the future.35 37

CONCLUSION
Greener Operations has identified the top 10 research 
priorities for sustainable perioperative care as agreed by 
a wide range of healthcare professionals, patients, carers 
and members of the public. Our project has explored a 
priority area for healthcare and identified a diverse range 
of research topics for exploration and innovation that will 
benefit both the NHS and healthcare outside the UK.4 
We hope that our work will be of use to researchers and 
funders, as part of an urgent and universal effort to achieve 
high-quality healthcare with minimal environmental 
harm. Greener Operations is the first PSP undertaken 
by the JLA in sustainable healthcare and, to our knowl-
edge, the first research priority setting exercise carried 
out in any field of sustainable healthcare. In addition 
to agreeing the priority research areas for investigation, 
we have demonstrated that a PSP focused on sustainable 
healthcare is feasible. Given the pressing nature of the 
climate crisis, we hope that colleagues in other fields will 
draw on our experience to conduct further sustainability-
related PSPs.
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