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Background: Climate change is the biggest threat to human health. Paradoxically, the healthcare sector is a major contributom
climate change, and operating theaters are among the highest sources of emissions. Unsustainable practices are actions that com-
promise environmental, social, and financial sustainability, leading to unnecessary resource use, avoidable harm to the wider popu-
lation, and reduced ability to provide effective healthcare in the future. Drivers of unsustainable practices and barriers to sustainability
in practice (a top priority identified by the James Lind Alliance Priority Setting Partnership) are unexplored, hindering interventions
that can help meet net-zero targets within healthcare. We conducted the first known ethnographic study to investigate behaviors
related to sustainability in operating theaters, and their influences on those behaviors to inform the design of effective behavior change
interventions.

Methods: Nonparticipant ethnographic observations with opportunistic discussions in elective general surgical operating theaters
were conducted between June and December 2023 at 2 university hospitals in Central London. Data were collected until saturation
using a template developed during the initial observations. Inductive thematic analysis was conducted, with subthemes (influences)
deductively mapped to the Theoretical Domains Framework.

Results: Twenty-six procedures were observed (42 hours). Unsustainable behaviors included: (1) unnecessary and inappropriate
glove use, potentially compromising safety (average 8-10 pairs per operation), (2) incorrect waste disposal, (3) unnecessary package
opening, and (4) energy waste. Thematic analysis generated 6 themes and 16 influences (mapped to 9 Theoretical Domains Framework
domains). Key themes were that sustainable practices are “infrequent and inconsistent” due to limited awareness (Knowledge) and
low environmental concerns (Memory, Attention, and Decision Processes). Unsustainable behaviors were “habitual” and performed
automatically (Lack of Attention). Drivers of unsustainable practices were: “Precaution” (Emotions, Beliefs About Conseguences);
“Efficiency” (Goals); “Past experiences” (Emotions and Social influences); and the “Physical environment” (Environmental Context and
Resources). “Leadership” (Social Influences) was a driver of sustainable practices.

Conclusions: This study identified widespread unsustainable culture and practices in operating theaters that compromise patient
safety, and financial and environmental sustainability. It provides a nuanced understanding of contextual factors and their drivers,
such as the strong impact of habit, knowledge, and the striving for efficiency, highlighting the need for both bottom-up engagement
and top-down prioritization. The study provides a foundation for designing targeted interventions that integrate education, leadership
engagement, and environmental restructuring to embed sustainability into routine surgical practice while ensuring patient safety and
operational efficiency.

Keywords: sustainability, surgery, determinants of behaviors

From the *Department of General Surgery, Imperial College Healthcare NHS where appropriate (eg, during awake procedures); however, since no patient-
Trust, London, United Kingdom; tDepartment of Surgery and Cancer, Imperial related data were collected or observed, written consent was not deemed
College London, London, United Kingdom; $¥Dyson School of Design Engineering, necessary.

Imperial College London, London, United Kingdom; §Faculty of Social and Provenance and peer review: Not commissioned, externally peer-reviewed.

Behavioural Sciences, University of Amsterdam, Amsterdam, the Netherlands;
and // The Breast Unit, Imperial College Healthcare NHS Trust, Charing Cross
Hospital, London, United Kingdom.

Supplemental digital content is available for this article. Direct URL
citations appear in the printed text and are provided in the HTML and

PDF versions of this article on the journal’s Web site (www.annalsofsurgery.com).
This work was supported by the Medical Research Council grants (MR/ . )
X011720/1, MR/X502959/1), and a National Institute for Health and Care Reprints: Aws Almukhtar, MSc, Department of Surgery and Cancer, Imperial

Research (NIHR) fellowship. College London, St Mary’s Hospital, Praed Street, London W2 1NY, United

Kingdom. E-mail: a.almukhtar@imperial.ac.uk.
Disclosure: The authors declare that they have nothing to disclose. . .
Copyright © 2026 The Author(s). Published by Wolters Kluwer Health, Inc.

Ethical approval obtained from the Health Research Authority. This study was This is an open access article distributed under the Creative Commons
part of a larger programme of work aiming to coproduce behavioral interventions Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
to empower environmentally sustainable behaviors. Ethical clearance for reproduction in any medium, provided the original work is properly cited.

observations was obtained from the research and ethics committee of the

respective hospitals, ensuring compliance with the established ethical standards. Annals of Surgery Open (2026) 1:6635

Written consent was obtained from the respective coordinators, while verbal Received: 12 May 2025, Accepted 15 November 2025
consent was obtained from individuals participating in communication interactions Published online 5 January 2026
during the observational period. Verbal consent from the patients was obtained DOl 10.1097/AS9.0000000000000635



Almukhtar et al ® Annals of Surgery Open (2026) 1:e635

INTRODUCTION

Climate change is arguably the “most significant threat” to
human health in the 21st Century.! Paradoxically, the health-
care sector is a major contributor to greenhouse gas emissions
(GHGe) and the UK National Health Service (NHS) is respon-
sible for approximately 4.0-5.9% of national GHGe, and is a
large contributor of waste.? In healthcare, surgery is consistently
ranked among the top 3 sources of GHGe, with operating the-
aters (OTs) being significant contributors owing to high energy
demands and waste generation.>” It is estimated that a single
operation generates up to 814kg of carbon dioxide equivalent,
comparable to driving 2273 miles in an average petrol car.*

Several studies have outlined interventions to reduce the
environmental impact of OTs by changing the practices of oper-
ating staff.®'? Additionally, the Royal Colleges’ Intercollegiate
“Green Theater Checklist” outlines sustainable practices that
would reduce the environmental impact of surgery.'> However,
the designing of behavioral interventions and the adoption of
sustainable practices remain challenging due to the inadequate
understanding of the determinants of sustainability practices
in OTs." Although certain studies have highlighted important
determinants of sustainability in OTs, such as knowledge and
infrastructure,'* there are currently no observational studies
examining these determinants in practice. Consequently, the
nuanced drivers of unsustainable behaviors such as contextual
factors, unconscious practices, and social dynamics, are pres-
ently unexplored.’ Our recent systematic review highlighted
the need for nuanced qualitative insights into the influences
and contextual factors that underpin sustainability practices
in OTs.!"* This was also identified as the third-highest ranked
research priority in the James Lind Alliance Priority Setting
Partnership for sustainable perioperative practices.'

This study represents the first known ethnographic study of
sustainable behaviors in OTs. Sustainability in OTs is a complex
and multifaceted issue shaped by individual behaviors, orga-
nizational structures, and wider systemic policies. To address
this complexity, we employed an ethnographic approach that
situates behaviors within their real-world context, incorporates
reflexivity, and engages both clinical and nonclinical researchers.
Ethnography is a qualitative and immersive research methodol-
ogy in which researchers use observations, interviews, and field
notes to study and identify determinants of behavior, including
contextual factors, perspectives of various professional groups,
decision-making processes, and the interplay between groups as
they work as a team, providing a deep nuanced understanding
of the relevant behaviors in the natural setting.'”** Ethnography
can also highlight more subconscious or habitual behaviors
of which individuals may not be aware, and as such could be
missed by interview and survey studies.'* In this study, sustain-
able behaviors refer to actions performed by individuals that
lessen the environmental impact of surgery while maintain-
ing patient safety and clinical efficacy, whereas unsustainable
behaviors contribute to environmental harm without clinical
justification.!?

This study applies the Theoretical Domains Framework (TDF),
a widely recognized and employed framework in behavioral sci-
ence, to understand the determinants of behavior.?’*> The TDF
was developed through a collaboration between behavioral sci-
entists and implementation researchers, who identified relevant
theories and organized their constructs into domains, with the
goal of providing a comprehensive, theory-based approach to
identifying the determinants of behaviors.?! The TDF may facil-
itate a comprehensive examination of the key influences on sus-
tainability behaviors and can be combined with other behavior
change tools (eg, the Behavior Change Technique Taxonomy??
and the Theory and Techniques Tool**) to design interventions
that are more likely to change behavior. This study aimed to
investigate the occurrence and understand the determinants of
(un)sustainable behaviors in OTs.
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METHODS

Qualitative Approach and Researcher Characteristics

Rooted in a critical-realist epistemological framework,” this
study employed a nonparticipatory ethnographic research
design with opportunistic discussions. The researchers’ experi-
ences and backgrounds allowed them to be both insiders and
outsiders in OTs. A.A. is a surgical registrar and an academic
researcher who has conducted research on surgical sustainabil-
ity and worked in OTs. This allowed him to capitalize on the
benefits of being an outsider (part-time clinician who is not
based at the observation sites), questioning taken-for-granted
assumptions, and an insider in the natural setting who under-
stands the processes and is able to unravel the nuances of behav-
iors.?® D.R.L. is a consultant academic surgeon with extensive
clinical and nonclinical research experience. S.]., C.B., P.D., T.P.,
and G.]. are experienced nonclinical researchers. Their relative
unfamiliarity with OTs allowed them to act as outsiders and
mitigate any presuppositions.

Context

The research was conducted at a major London NHS Trust (pub-
licly funded, semi-autonomous healthcare organization within
the NHS), comprising 3 university hospitals. Observations were
made in 4 specialties (general surgery, breast surgery, colorectal
surgery, and procedures for chronic pain) to enhance general-
izability by providing insights across diverse surgical contexts
with generally similar practices and infection prevention pro-
tocols. Elective operations were chosen to focus on routine sur-
gical settings and eliminate specific circumstances (eg, where
extreme urgency is paramount).?”?® Detailed characteristics of
the specialities are outlined in Supplemental Table 1, https://
links.Ilww.com/AOSO/AS59.

Sampling Strategy

Purposive sampling was employed in the selection of specialties
(as described above) and hospitals (which were chosen given
the primary ethnographer’s established familiarity and rapport
from his clinical role). This enabled access to various OTs and
facilitated an unobtrusive presence, allowing the ethnographer
to blend in with the OT staff. Drawing upon the principle of
informational power? (taking into account the aim of the study,
specificity of the research question, applied theory, and analy-
sis strategy), 25-30 hours of observation were estimated to be
sufficient. Sampling was stopped when saturation was reached
(when no new themes or meanings were identified).>® Data
saturation was reached when practices were being repeated,
and when no new insights from observed behaviors could be
obtained, indicating that sufficient information had been gath-
ered to replicate the study.’!

Ethical Approval

This study is part of a larger programme of work aiming to
coproduce behavioral interventions to empower environmen-
tally sustainable behaviors in the United Kingdom (IRAS project
ID: 322218). Ethical clearance for observations was obtained
from the research and ethics committee of the respective hospi-
tals, ensuring compliance with the established ethical standards
(RN: 857).

Consent

Written consent was obtained from the respective OT coor-
dinators, while verbal consent was obtained from the partic-
ipants at the beginning of observations, and from individuals
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participating in communication interactions. Verbal consent
from the patients was obtained where appropriate; however,
since no patient-related data were collected or observed, written
consent was not deemed necessary.

Procedure

Fieldwork was completed between June and December 2023.
Observations encompassed all stages of the surgical process,
except induction of anesthesia due to logistics and ethical con-
cerns (anesthesia rooms are separate from OTs and hospital pol-
icy advises minimizing staff presence at the induction stage of
anesthesia to reduce patient anxiety).

The study started with an unstructured investigative approach
(grand tour observations®?), whereby the main ethnographer
(A.A.) and the senior authors each observed 1 operating list (a
session) (hereafter, “list”). The purpose of grand tour observa-
tions is to gain a broad understanding of the research setting,
and to identify relevant actors and processes without imposing
preconceived ideas.’*3* These observations were also used to
inform the development (through an iterative process) of a data
collection sheet, which was tailored to investigate the drivers
of sustainability behaviors in OTs, reflecting the natural flow
of activities. Additionally, broad subjects for questioning were
discussed and agreed among team members in relation to partic-
ipants’ perceptions and understanding of sustainability during
this phase. Further unstructured questions were employed based
on what was observed in those specific contexts.

The uncoded data collection sheet format consisted of (1)
a structured section to collect information about the surgical
staff and their role, the environment in the theater complex, the
sustainability behaviors and their contexts in various periop-
erative stages, and (2) a larger free-text section. This format
enabled qualitative and quantitative assessment of the use of
both pre-identified consumables [eg, surgical hats and nonster-
ile gloves (NSGs)] and non-pre-identified (eg, swabs and overall
counts), which were noted in the free-text section. This approach
supported systematic capturing of sustainability behaviors and
their contextual factors, while allowing flexibility to document
further observations (Supplemental Table 1, https:/links.lww.
com/AOSO/AS559).

In common with many institutions around the world, there
is no formal policy on double-gloving and the routine use of
eye-protection, and they are not standardized practices in our
institution. As such, these practices were examined sepa-
rately, and were not categorized as universally sustainable or
unsustainable (Supplemental Table 3, https:/links.lww.com/
AOSO/A559).538 Instead, instances where the staff opted to
double-glove or use eye-protection were examined as contrast-
ing practices between individuals in the same procedure, and
between the same individuals in different procedures, and were
discussed with the participants to identify their behavioral driv-
ers in the specific context, and then within the research team.
This approach allowed us to interpret behaviors within their
clinical and institutional contexts and to identify the drivers
behind them. For these practices, we examined low-risk proce-
dures [procedures which are not: orthopedic or dental surgeries
involving sharp structures; emergency and trauma operations;
procedures performed at night; procedures where the primary
surgeon was a registrar (trainee); or when the preoperative
screening identified patients with blood-born infections or car-
riers of a resistant organism (see Supplemental Table 3, https://
links.lww.com/AOSO/A559)].

Instances of equipment and consumables that were unneces-
sarily used (eg,NSGs) or unused (eg, swabs and sutures) were
noted as part of the qualitative field notes. These were recorded
as overall counts in comparable operations to illustrate patterns
of waste generation, rather than to provide a quantified assess-
ment of environmental impact. This approach aligns with the
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ethnographic focus on understanding behaviors and contextual
influences rather than producing statistical comparisons.

Analysis

The data collection sheet (which was developed in the early
stages of the study) contained organizational categories based
on the research question, and served as a tool to ensure the
data collection was robust and contextualized.® The analy-
sis was conducted using NVivo software (QSR International,
Melbourne, Australia). The data collected from the free-text
observations were inductively analyzed utilizing interpretative
and descriptive coding. A.A. and C.B. double-coded 50% of the
data. These codes were grouped into themes and subthemes to
contextualize and describe the influences.*” The influences were
then deductively mapped (coded) onto the TDF to ensure rich
analysis of the data and trustworthy understanding of the deter-
minants. Fereday and Muir-Cochrane*' demonstrate the greater
rigor that can be achieved in thematic analysis when a combina-
tion of inductive and deductive thematic analysis, with the aim
of harnessing the advantages of each, was employed. As such,
this method has been widely adopted in healthcare behavioral
research.

The data and analysis were discussed fortnightly with
the research team to ensure agreement of codes amongst the
research team. The work has been reported in line with the
COnsolidated criteria for REporting Qualitative Research
criteria (Supplemental Table 4, https:/links.lww.com/AOSO/
A559).4

RESULTS

Data collection was concluded when saturation was reached,
after 42 hours. Twenty-six elective surgical procedures were
observed. Details of specialities and staff observed are out-
lined in Supplemental Table 2, https:/links.lww.com/AOSO/
AS559. Supplemental Figure 1 https:/links.lww.com/AOSO/
A559 illustrates and describes the OT complex. The pertinent
unsustainable practices were: (1) unnecessary glove use (average
8-10 pairs per operation), (2) incorrect waste segregation and
disposal, (3) unnecessary opening of packages, and (4) energy
waste.

Themes and Influences

Six themes and 16 influences were identified. The influences were
mapped to 9 of the 14 TDF domains (Fig. 1 and Supplemental
Table 3, https://links.lww.com/AOSO/AS559).

Theme 1: Sustainable Practices are Infrequent,
Inconsistent, and Deprioritised

The observed sustainability practices were waste segregation
and recycling. These practices were inconsistent, and often not
performed correctly. Lack of adequate education and training
(Knowledge) was an influence; staff felt that they did not receive
adequate training and education on waste segregation. While
online training was made available, it was not specific to OTs
and was not comprehensive or mandatory. Staff reported con-
flicting sources of information on how to dispose of different
items in OTs (eg, the “blue wrap,” used extensively in OTs after
sterilization). This was compounded by inadequate signage and
labeling of items and packaging (Environmental context and
resources). Bins were not labeled, and packages did not have
adequate segregation and recycling instructions (Fig. 2). Finally,
environmental concerns were not considered as important in the
healthcare setting as they would be in day-to-day life (Memory,
Attention, and Decision Processes). A Higher Speciality
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FIGURE 1. Thematic map of the themes and influences on (un)sustainable practices in OTs. Six themes encompassing 16 influences were identified. Themes
comprised of barriers are demonstrated in yellow, while themes containing barriers and facilitators are illustrated in green.

Registrar (SpR) double-gloved for a low-risk operation, when
the primary surgeon did not (unsustainable practice; refer to
Supplemental Table 3, https:/links.lww.com/AOSO/AS559).
They explained that despite being environmentally conscious
and making efforts to be sustainable outside work, they did
not feel they should do the same at work, that safety should be
the main concern, and that sustainable practices compromised
patient care [Observation 1; Surgeon 2 (O1; S2)]. A consultant
surgeon explained that the context of work, they “don’t care
about the environment” and that surgeons who make conscious
efforts to be environmentally sustainable “don’t do their jobs
well” (O4; S1).

Theme 2: Habitual Practices Established Early and
Prompted Due to Experiences

Unsustainable practices appear to occur without conscious
thought, intention, or awareness. Practices like donning and dis-
carding NSGs and double-gloving seem to be performed habitu-
ally, and without active thought. For example, 3 nurses donned
NSGs to move equipment and discarded them in the infectious
bin whilst conversing amongst themselves (O1; N2; N4; N7).
In another instance, 2 nurses donned gloves to use a computer
whilst carrying out informal conversations. Neither of these

tasks requires gloves. A surgical SpR who double-gloved for
all their operations (which were low-risk) explained, “I always
double glove; I like to do things the same way every time” (O2;
S3). Figure 3 demonstrates examples of instances when OT staff
discarded items without paying attention.

These habits were learned during early stages of clinical train-
ing from peers and seniors and were prompted and reinforced
by lived and heard experiences (Social influences). A nurse and
an anesthesia consultant discarding packages explained that
they learned waste segregation from watching their peers—“all
I know is what others told me.” A nurse who double-gloved
unnecessarily for a low-risk procedure explained how their pre-
vious experience in orthopedic surgery (high-risk speciality) had
shaped and standardized their practices—*“I was an orthope-
dic nurse and in orthopedic, we always wear double gloves as
the risk of contamination is high.” (O2; N4). Moreover, past
experiences, both clinical and nonclinical, triggered emotional
responses reinforcing unsustainable practices (Emotions) and
prompted the staff to adopt more risk-averse behaviors, such as
unnecessary gloving. A nurse explained that they are fearful and
conscious of germs because they previously experienced illness
from eating at the university canteen as a student. Consequently,
they adopted routine NSG donning for all tasks in theaters for
“protection”. They further explained that they “don’t feel com-
fortable” without NSGs (O6; N1).
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FIGURE 2. Photographic images demonstrating inadequate labeling and signage. Bins, packages, and paper were inadequately labeled to guide theater staff
to the correct recycling and disposal practices. A, Two different bins (Green for paper and transparent for dry mixed recycling) without proper signage. B and C,

Different items with unknown recyclability due to inadequate labeling.

Variations between professional groups and individuals
of the same group were also observed. Some nurses unnec-
essarily donned NSGs to prep the OT while others did not.
Furthermore, the behavior of other OT staff, or knowledge of
sustainable practices, did not influence habitual unsustainable
practices, demonstrating the strength of habits as a driver of
unsustainable practices. An SpR surgeon double-gloved to assist
in an elective laparoscopic cholecystectomy (low-risk), when the
consultant surgeon opted to don single-gloves (O5; S1:52) (see
Supplemental Table 5 for more examples https://links.lww.com/
AOSO/AS559). Nurses were more risk-averse and performed
more unsustainable practices in comparison to other clinicians
(Social/Professional Role and Identity).

Theme 3: Unevidenced Precautionary Practices

Safety and precaution played an influential role in driving
staff behaviors in OTs, and unsustainable practices occurred
in the absence of evidence or clear institutional guidance. A
trainee-surgeon consistently wore surgical masks with eye-
protection to assist in procedures where the operating surgeon
and other assistants used simple surgical masks explained that
they always wear it “just in case there is a blood splatter” (O2;
S3). Staff were afraid of contracting infection from contact with
patients, and maintained a physical barrier between themselves
and patients, even when the risk was equivalent to the risk of
contact with the general population (Emotions). For instance,
OT staff donned NSGs to push clean patients’ wheelchairs or
hold their hands to help them off the bed. An anesthesia nurse
said, “You never know if the patient has HIV, you need to always
be protected”. When the anesthesia consultant explained that
HIV is a blood-borne virus and cannot be transmitted through
skin-to-skin contact, the nurse said, “What if I have micro-cuts
on my skin?” (02; ANT1; A1).

These practices demonstrated that heightened perception
of risk was the default. Subsequent observations that involved
patients with known HIV cases were noted to have no apparent
difference in behaviors of NSG use, confirming the persistently
high-risk perceptions in OTs (O7 and O8). OT staff avoided
direct contact with patients and treated NSGs as physical barri-
ers to perform activities that they otherwise may be “disgusted”
to perform (Emotions). This included donning NSGs to shave
the clean abdomen of an elective patient who underwent screen-
ing and decontamination, or wearing NSGs to hold clean long
forceps and using them to dispose of soiled swabs. Finally, OT
staff perceived any materials that touched the patient as con-
taminated and discarded them in the contaminated waste bin.
On one list, 25 uncontaminated pairs of NSGs were discarded
in the infectious (orange) bin out of fear of transmitting infec-
tion (Beliefs about consequences)—the theater manager said, “It
makes sense for me to throw all gloves in the orange bin; what
if they’re contaminated?” (O6; N1).

Theme 4: Striving for “Efficiency”

Another influential factor driving practices in OTs is the striv-
ing to finish the operation list as quickly as possible (Goals).
OT staff’s striving to finish an operation quickly drives wasteful
practices. For example, unnecessarily opening extra swab packs,
leaving monitors and computers on, and donning NSGs to be
ready in case they need to perform a task, were time-saving
unsustainable behaviors which were commonly observed. Even
ingrained habitual behaviors such as donning NSGs are momen-
tarily set aside as “efficiency” takes precedence. For example, a
nurse unnecessarily grabbed a pair of NSGs with the intention
to don them to move a patient. As the team wanted to perform
the task quickly, the nurse opted to perform the task without
NSGs (03; N3).
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FIGURE 3. Photographic images demonstrating different items discarded randomly and incorrectly. These were discarded by staff without active thought. For
context: paper should be discarded in green bins and film in the white bin as per recycling policy. The orange bin should be reserved for infectious contaminated

clinical waste.

Theme 5: Sustainability Practices are Influenced by
Leadership and Communication Between Staff

Leadership (management and senior staff members) influenced
sustainability through organizational policy, and through com-
munication during the briefing. When senior surgeons led the
brief and mentioned sustainability (which materials and instru-
ments to open, and which to have on stand-by), less waste was
produced (Social influences). In contrast, SpR-led briefings
focused on the clinical aspects and did not cover sustainability,
resulting in more waste. This finding is based on overall counts
of consumables (swabs and sutures) in comparable operations,
reflecting patterns in communication influencing waste gener-
ation. Communicating the items needed for the operation by
the surgeons to the nurses also reduced waste (Knowledge). A
theater manager explained that the best way to drive sustainable
practices is by changing the Trust’s policy—“We do what we
are told, they need to change policy so that we change what we
doj if they tell us, we will do it” (Environmental context and
resources).

Theme 6: Unsustainable Practices are Exacerbated by the
Physical Environment in OTs

OT setup led to energy waste, encouraged the use of NSGs, and
the disposal of waste in orange bins. Given that sustainability
is not an established driver of practices, the physical environ-
ment can substantially affect staff behaviors (Environmental
context and resources) (Fig.4). For example, placing infec-
tious contaminated-waste bins near the scrub area exacerbates

incorrect waste disposal, as ease facilitates disposing clean items
in these bins. Furthermore, the abundance of NSG boxes in
comparison to the relative inaccessibility of gel dispensers con-
tributes to their overuse.

DISCUSSION

To our knowledge, this is the first ethnographic study investi-
gating the context and drivers behind sustainability practices in
OTs, providing invaluable insights for policymakers. The most
common unsustainable behaviors were incorrect NSG overuse
(potentially compromising safety), and incorrect waste segre-
gation and disposal. Unsustainable practices were found to be
consistent, repetitive, habitual, and ritual-like,* in contrast to
sustainable practices that were infrequent and easily abandoned,
indicating a weak sustainability culture. Thematic analysis also
revealed that unsustainable practices start during early training,
driven by speed and unevidenced precaution, and are influenced
by leadership and the physical environment in OTs.

In our institution, elective patients undergo preoperative
screening for blood-borne infections and resistant organisms,
and current guidelines and our policy state that NSGs should
only be used when coming in contact with blood and bodily
fluids.***¢ Nevertheless, the excessive fear of infection led to
disproportionate and unevidenced precautionary practices
(Emotions). Operating staff overestimated the risk of infection,
resulting in the unnecessary use of protective equipment for
low-risk tasks and incorrect disposal. Uncontaminated materi-
als that came into contact with patients were discarded as con-
taminated waste. These practices are compounded by emotional
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(B) Placing the orange bin near the
scrubbing area influenced the staff to
dispose clean gowns and scrubbing
papers in orange rather than
transparent or green bins.

(A) The availability and the location of
NSG boxes in comparison to the
location of hand-gel dispensers.

(C) There were NSG boxes and no hand-
gel dispensers in the prep room.

(D) Placing the orange bin near the
anaesthetic area influenced the

1 anaesthesia team dispose clean
packaging in orange rather than
transparent or green bins.

FIGURE 4. Photographic images demonstrating that OT setup encourages unsustainable practices. Photograph (A) shows 2 hand gel dispensers hidden
behind a cupboard in the scrub room, making them less accessible than the NSG dispenser placed at the entrance. Photograph (B) highlights the placement of
infectious contaminated waste (orange) bins near the scrub area, leading staff to mistakenly discard clean gown and scrub papers into the orange bin instead
of the clear, mixed-recycling bin. Photograph (C) illustrates the absence of gel dispensers and the prominence of the NSG dispenser in the prep room, which
may prompt staff to use NSGs instead of hand gel. Photograph (D) again demonstrates how placing the orange bins near the anesthesia area encourages the
anesthetist and anesthesia nurse to incorrectly dispose of clean packaging in the orange bins, instead of the appropriate clear, mixed-recycling bin.

responses, which seem to relate to disgust, leading to the use
of NSGs for tasks in which they are not required. This is con-
sistent with the findings of previous studies, which concluded
that healthcare professionals’ decisions about NSG use are pri-
marily influenced by emotions like fear and disgust, along with
the norms and practices established within their profession and
organization.*’>*$ Interventions should address these influences
through evidence-based education and behavioral modeling
through sustainability champions.'?

A study published before the COVID-19 pandemic reported
that 6-7 pairs of NSGs were used inappropriately per opera-
tion.* In contrast, the current study demonstrated a higher aver-
age of 8-10 pairs per procedure, reflecting a culture of excessive
NSG use, driven by ingrained habits and institutional norms
rather than evidence. Current guidelines state that alcohol-based
sanitizer should be used before and after coming in contact with
the patient or performing a procedure that requires NSG.*° As
such, the ratio of hand gel to NSG use should be >1. In our study,
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the staff chose to unnecessarily don NSGs when coming in con-
tact with patients, instead of sanitizing their hands. As such, this
ratio was less than 0.3, indicating that unnecessary overuse often
comes at the expense of appropriate hand sanitization.’'=>3 Other
studies also demonstrated that the overuse of NSGs leads to inap-
propriate use and poor hand hygiene, which compromises safety
by increasing transmission and cross-contamination of infection,
putting both patients and staff at risk of healthcare-associated
infections.*®* This was the most consistent and evident exam-
ple where unsustainable practices compromised patient and staff
safety by directly contravening infection prevention guidance.
We note that while other practices (eg, the incorrect segregation
of waste, the precautionary unevidenced use of antibiotics, or
catheterization)* could also present risks to patients, these were
not classified as unsustainable, because they fell within the scope
of clinical decision-making without binary policies against which
they could be compared.

Temporal factors (events related to time) play a vital role
in shaping behaviors.’®’” Unsustainable practices, such as
double-gloving, start during early clinical training, where indi-
viduals observe and emulate behaviors from peers and seniors.*®
As these practices are commonly repeated in the consistent con-
text of the OT, and are reinforced by influences such as fear of
contracting infections, these practices become habitual and are
performed automatically.’*® Past nontraining experiences also
play a role in shaping staff’s attitudes and behaviors. This is
exemplified in the heightened risk-aversion behaviors observed
during the COVID-19 pandemic.®"-*2 These combinations lead to
the perpetuation of practices that are wasteful and unevidenced.

In this study, nurses were more inclined to adopt unsustain-
able practices, which may be influenced by the perceived expec-
tations associated with their role (TDF: Social/professional role
and identity). Nurses exhibited higher rates of unsustainable
practices, particularly excessive NSG use, compared to sur-
geons. This disparity suggests that professional identity plays a
critical role in shaping sustainability behaviors in OTs. Nurses
often adopt a more risk-averse approach, reinforcing unsus-
tainable practices such as habitual NSG overuse and incorrect
waste disposal.®® In contrast, surgeons, who focus primarily on
procedural efficiency and clinical outcomes, may exhibit less
precautionary-driven behavior. Research shows variation in
the attitudes of different healthcare staff towards health guide-
lines and rules, largely due to their perception of the safety cul-
ture, which may lead to inconsistent practices.®* For example,
McDonald et al** reported higher rates of NSGs overuse among
nurses compared with surgeons. To improve sustainability in
OTs, interventions should acknowledge and target these role-
based differences. Tailored educational programs should address
nurses’ heightened risk perceptions and integrate sustainability
principles into infection prevention training. Additionally, lever-
aging leadership within nursing and surgical teams to model
sustainable practices could facilitate behavior change, embed-
ding sustainability into professional identity.

Behavioral studies demonstrate that individuals often engage
in practices they perceive as beneficial in the short term, even if
they entail potential negative long-term consequences.®*=*” Under
time pressure, OT staff often prioritize completing operations
quickly over adhering to sustainable practices (TDF: Goals).
This striving for efficiency manifests in behaviors such as open-
ing swab packs preemptively, leaving monitors and computers
running, and donning NSGs just in case they needed to per-
form a task—a documented behavior in healthcare literature.!*¢8
Importantly, our findings distinguish between efficiency, which
can reduce operative time, anesthetic exposure, and downstream
resource use, and the striving for efficiency, which drives behav-
iors that are motivated by trying to save time (without neces-
sarily having this effect) and are likely ultimately wasteful.!®
The current study demonstrated that speed-driven practices can
override habitual unsustainable precautionary practices, which
can be described as theater rituals®® (standardized, rule-bound,
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predictable, and repetitive), highlighting the strength of the influ-
ence of “striving for ‘efficiency’” in the context of OTs.

Addressing sustainability in OTs requires a culture change at
the organizational level, with leadership prioritizing sustainabil-
ity through systemic policy changes. When individual depart-
ments such as infection prevention and control, and domestic
and waste management make decisions based on their own
competing priorities, changing practice at the level of individual
employees becomes challenging. While observation of behav-
iors and devising behavioral interventions at the staff level is
an essential step, achieving sustainable change may require pol-
icy change, such as procurement policies, infrastructure mod-
ifications, and regulatory enforcement.®’ Leadership can drive
change by embedding sustainability targets into institutional
policies, mandating training, and incentivising compliance.”
Financial and logistical barriers, including upfront costs and
workflow disruptions, may hinder adoption; however, strate-
gic investments in reusable surgical instruments, biodegradable
materials, and circular economy principles can reduce long-
term costs and waste.* As such, achieving sustainability in OTs
requires a dual approach, integrating top-down policy enforce-
ment with bottom-up behavioral change to embed sustainability
into routine clinical practice.

While improving sustainability often requires senior-level
input (eg, leadership and management), which was not included
in the present study, the observations highlight key areas that
may be most productive to address. For example, establish-
ing clear institutional policies on PPE use, such as when to
double-glove or wear eye-protection, would reduce ambiguity
and align behaviors with evidence-based guidance. Improving
labeling and signage in OTs, including waste bins, would reduce
unnecessary waste, and would support sustainability goals and
offer significant financial benefits. According to NHS England’s
Clinical Waste Strategy Review, optimizing waste segregation
can reduce high-temperature incineration requirements by
35% and alternative treatment infrastructure needs by 61%.”!
According to Estates Return Information Collection figures
2020/21, such improvements could save the NHS over £11 mil-
lion annually (15% of total clinical and offensive waste expen-
diture) and cut whole-life carbon emissions by 29,540 tonnes
per year, equivalent to a 30% reduction in CO, emissions from
NHS waste management.”!

Nontechnical skills such as communication and shared
knowledge are needed to ensure sustainable changes in complex
clinical situations.” Specifically, staff may discuss surgical plans
and establish a shared mental model of the sustainable practices
to be performed during surgery.”>”* The Intercollegiate Green
Theater Checklist can facilitate this collaborative approach by
coordinating efforts to minimize waste and optimize resource
use.”> By fostering effective communication, the team can
ensure that sustainability goals are integrated into their prac-
tice, ultimately contributing to more sustainable, efficient, and
safe surgical procedures. Additionally, supply chain reforms,
such as introducing reusable instruments and biodegradable
materials can reinforce behavior change by making sustainable
choices easier and more accessible. The James Lind Alliance
Priority Setting Partnership designated the “sustainable reus-
able equipment” and the “procurement of medicines, equipment
and items” as the top 2 priorities for enabling greener OTs.'
Aligning procurement with circular economy principles not
only reduces emissions but can support clinical staff in adopt-
ing environmentally responsible practices, creating a coherent
framework for sustainable surgical care.

Study Limitations

While this study was conducted in a specific geographical set-
ting and focused on elective surgical cases (potentially limiting
generalisability to emergency contexts) the in-depth insights
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generated are intended to be transferable rather than broadly
generalizable.” Transferability allows researchers and practi-
tioners to assess whether study insights are applicable to their
own settings by considering the relevance of identified themes
and influences.”®”” Furthermore, many of the behavioral drivers
observed in our study align with existing healthcare literature,
suggesting that similar behavioral patterns are present in other
healthcare settings.”

The study relied on observational data, which may have been
subject to observer bias, particularly in areas lacking formal
institutional policies, such as in relation to double-gloving and
eye-protection, which could not be standardized. Additionally,
although an inherent limitation of ethnography, we attempted
to mitigate the potential impact of the Hawthorne effect. To
become embedded in the OT environment, the researchers
donned theater attire and positioned themselves in a way that
did not disturb the surgical procedure. Additionally, the staff
were not informed about the specific details of what was being
observed, with only the theater manager being made aware, in
order to limit any influence on their behaviors.

Surgeons’ choices of operative equipment and approach,
which are important for sustainability, were noted. However,
equipment accounts for a significantly smaller proportion of OT
emissions (5%) compared with consumables (32%), and deci-
sions are often influenced by procurement policies and clinical
imperatives.” As such, we concluded that these issues would
be better explored in a qualitative interview study in which the
nuances of decision-making can be explored in the context of
the type of operation, the list of operations to be performed, and
the organization.

Nevertheless, the strength of this study lies in the real-time
observation of sustainability barriers and behavioral choices
in the OT context. The study leveraged the reflective insights of
the authors, employing implicit, reflective analysis throughout
the research process to ensure rigour, trustworthiness, and trans-
ferability of the findings.*** Furthermore, the use of the TDF
yielded a more nuanced analysis, and fits within a wider process
for understanding and changing behavior, including the Theory
and Techniques Tool,** and the Behavior Change Techniques
Taxonomy,?® which can be used to inform the design of future
behavioral interventions. As such, these insights should be uti-
lized for designing sustainability interventions in OTs to safely
achieve sustainability and net-zero targets.

Further research employing nonobservational methods, such
as questionnaires, interviews, and behavioral frameworks, is
needed to explore nonobservable influences, such as individual
contextual experiences, to enhance our understanding of sus-
tainability practices in OTs. By highlighting the inconsistency of
sustainable practices in OTs and identifying the nuanced drivers
of unsustainable behaviors, this study can be used to inform
the design of more effective interventions, that can be feasibly
incorporated into the OT setting. Given the multiple drivers
of unsustainable practices, multifaceted interventions may be
needed to promote more sustainable practices.'? In addition to
making changes to the physical environment of OTs to facili-
tate more sustainable practices, such interventions should aim
to address OT staff’s perceptions and attitudes towards sustain-
ability. This can be achieved through continuous education and
training on the impact of unsustainable practices. Additionally,
they should address the powerful unconscious influences at play
(eg, through changes to the OT context) and model positive
behavior by capitalizing on the influence of leadership and sus-
tainability champions.

CONCLUSIONS

This study revealed the prevalence of unsustainable practices
in OTs, which may compromise patient safety. It also provides
a nuanced understanding of unsustainable practices and their
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drivers in OTs using the TDF, which can be used to inform the
design of impactful behavioral interventions. Multiple drivers
influence unsustainable practices, including the physical envi-
ronment, professional role, ingrained habits, the striving for
efficiency, and unevidenced precaution, which may require a
multifaceted intervention to promote more sustainable practices.
For example, behavioral modeling by nurses in the role of sus-
tainability champions, changes to the physical environment of
OTs to facilitate more sustainable practices, and educating staff
about infection risks and the sustainability implications of dif-
ferent practices.
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