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sustainability challenge. It generates 236 million
kilograms of waste per year,' making it one of the largest
contributors to waste nationwide. In Australia between 2014 and
2015,235000kg of carbon dioxide was produced per day from the
incineration of hazardous waste.” This is of great concern since
the World Health Organization (WHO) declared in 2021 that

“climate change is the biggest health threat facing humani’cy”.3

The Australian health care system has an urgent

Operating rooms are a hotspot for greenhouse gas (GHG)
emissions as they generate atleast 20% of the total waste produced
in hospitals." Worldwide, the number of operations has been
increasing every year by 15% since 1992, resulting in an increase
in the amount of annual waste produced.” Besides the number of
surgeries increasing, the other reasons for this dramatic increase
in waste is the rise of minimally invasive surgeries, such as
laparoscopic and robotic surgeries, the need to improve sterile
processing,® and the use of single-use devices (SUDs).”

All waste increases carbon dioxide emissions.® However,

general non-hazardous waste, which makes up 85% of hospital
waste,” does not contribute directly to GHG emissions unless
incinerated.” Nevertheless, this general waste still contributes
to GHG emissions through the manufacturing process' and
through being disposed of incorrectly as infectious waste that
requires incineration." This review examines the environmental
end points of a linear economy of health care waste. Additionally,
there is a global call for health care waste systems to transition
from a linear to a circular economy.'” As Australia transitions
away from coal and towards a renewable energy electricity grid,
opportunities for a circular economy of health care waste will
emerge. Therefore, this review also examines environmentally
preferable purchasing of reusable and reprocessed devices.

There are a variety of frameworks and strategies proposed
to reduce operating room waste. In Australia, the 2018
National Waste Policy (NWP)" provides a framework to guide
investments and sustainable action by businesses, governments,
communities, and individuals. The National Waste Policy
Action Plan (NWPAP), agreed on in 2019, includes five circular
economy principles to implement the 2018 NWP: avoiding
waste, improving resource recovery, increasing use of recycled
material, better managing material flows, and improving
information to support innovation, guide investment and enable
informed consumer decision rnaking.]4 However, translating
these general strategies to scalable implementation in health
care has its challenges. An audit conducted by the Australian
National Audit Office found that the implementation of the
NWPAP has been only partly effective.””

A major challenge to scalable waste reduction strategies was the

physical limits of recycling, in that nothing is 100% recyclable."

Another critical challenge is the “tragedy of the commons”,"” in

. The Australian health care system contributes 7% of the national
greenhouse gas emission footprint and generates massive waste
streams annually. Operating rooms are a particular hotspot,
generating at least 20% of the total hospital waste.

. Asystematic search of several global academic databases
was conducted in mid-2022 (articles from 1992 to 2022) for
peer-reviewed research relevant to waste managementin the
operating rooms. We then used thematic analysis to enumerate
and characterise the strategies and barriers to sustainable waste
management in the operating room.

. The waste reduction strategies focused on avoidance of high
carbon products; correct waste segregation and reduced
overage; reusing, reprocessing, and repurposing devices; and
improved recycling. The first barrier identified was a constrained
interpretation of the concept of “first do not harm”, ingrained
in surgeons’ practices, in prioritising single-use surgical
products. The second barrier was ineffective or insufficient
waste education. The third barrier was the immediate cost of
implementing waste management compared with the long term
realisation of environmental and economic benefits. The last
barrier to implementing institutional practice change was the
lack of policies and regulations at the local hospital, federal and
international levels.

. We also evaluated the knowledge gaps in current surgical waste
research, including lack of benchmarking data and standardised
regulations concerning reusable or reprocessed devices, as well
as the methods used to promote pro-sustainability behavioural

K change.

that hospitals might need to invest large amounts of money to
reduce operating room waste, even if that individual hospital is
not significantly contributing to the problem. A further challenge
is that despite policies to promote waste reduction, these are not
considered a priority when compared with key ethical concerns
such as reducing patient harm.”'®*" A final challenge is the
presence of an external force in the form of policies that have
taken the onus off surgeons to drive sustainable change.””
There is no comprehensive review of these barriers and potential
strategies for overcoming them.

Through a review and thematic analysis of the literature, this
narrative review assesses the current strategies adopted in
the operating room to reduce waste and provides an in-depth
analysis of the barriers to scalable waste reduction strategies. It
also explores the knowledge gaps in the current NWP and uses
this framework to guide policy and practice implications of the
findings.

Search strategy

This narrative review used a systematic search strategy method.
That is, a review of evidence based on a clearly formulated

TUniversity of Melbourne, Melbourne, VIC. > Centre for Health Policy, University of Melbourne, Melbourne, VIC. [e< Ipillay@student.unimelb.edu.au = doi: 10.5694/mja2.52394

S
>
N
N
I
—
G
9
.
N
w
@
o
S
@
=l
>3
@
=
N
o
]
=

/
L 279
.


mailto:
mailto:﻿﻿lpillay@student.unimelb.edu.au﻿﻿
mailto:﻿﻿lpillay@student.unimelb.edu.au﻿﻿
https://doi.org/10.5694/mja2.52394

-
3
o
~
A
[
Ke)
1S3
O
3
o
[0
(%)
~
=
mn
5
-
o~
~
<
=

question that uses systematic and rigorous methods to select
and critically appraise primary research.”” Systematic search
strategies have been used in similar studies””'**>! because
they provide an opportunity to identify research gaps in our
understanding of sustainability initiatives in hospitals and can
be used to improve future research and policies in this area.”

A literature search was conducted in early 2023 by one author
(LP) using Embase, Scopus, PUBMED and CINAHL databases
to identify articles on operating room waste management.
These databases were chosen because they provide access to a
breadth of research across the medical and social sciences. The
final keywords used for the search were: surgery, waste and
plastic. Further details of the search strategy are provided in
the Supporting Information. Authors TK and KW reviewed the
search results and screening decisions. In the initial search, 436
articles were identified, with that reduced to 56 once the inclusion
and exclusion criteria were applied. The Box shows how studies
were screened and selected for this narrative review, using the
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) method.

A focus on the environmental impact of surgical waste in the
operating room was part of the inclusion criteria. Studies
on the environmental impact of anaesthetic gases and other
pharmaceutical wastes were omitted.

We used a deductive thematic synthesis approach to analyse
the included studies.”” This involved identifying a framework
of themes in advance to guide literature exploration.34 The
framework selected was the 2018 NWP"” which included
circular economy, waste hierarchy and strategies. From here,

using the method suggested by Popay and colleagues,35 studies
were reviewed and elements of the results and discussion
aligning to the NWP were tabulated. These tables were used,
in discussion with the research team, to identify patterns and
common themes across the included studies. Thematic analysis
of the 56 studies led to the identification of strategies used to
promote waste management in the operating room and key
barriers to implementing these strategies. Further details on
methodology are provided in the Supporting Information.

Strategies implemented in the operating room to reduce
waste

Avoiding products that have a large carbon footprint

Reducing waste production in the operating room begins with
thoughtful and environmentally conscious purchasing practices.
Hospitals should use environmentally preferable purchasing
(EPP) practices, which prioritises products with minimal
negative environmental and human health impacts, and long
term economic benefits."”*"***7%% Environmental stewardship
organisations, such as Practice Greenhealth, have produced
guidelines to supg)ort large medical systems to implement
EPP practices.W’Zl’z Additionally, such teams can coordinate
hospital waste audits, which will further inform and guide EPP
pr.actices.24’3"”37

Reducing waste through correct waste segregation and
reducing overage

Targeting waste segregation in the hospital is a crucial step
in mitigating the carbon footprint. In 2018, the WHO found

and selected for this narrative review

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram showing how studies were screened
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that only 15% of health care waste was hazardous.’ However,
Lee and colleagues’ found that 73% of operating room waste
was disposed of as hazardous waste. Most of this waste was
incorrectly disposed of as it did not meet the Environmental
Protection Authority (EPA) definition of hazardous waste.?®
Hazardous waste requires further disposal steps, including
incineration, which generates substantial GHG emissions and
costs for the hospital. Three studies identified ways to improve
waste segregation, including replacing an infectious waste bin
with a general waste bin,’ having a smaller hazardous waste bin,?!
and clearly documenting the waste generated at the end of the
procedure.” Improving waste segregation processes can reduce
the amount of operating room hazardous waste significantly.

Additionally, a key driver of operating room waste is
“overage”."**" Overage refers to surgical items that are opened
but unused and need to be thrown away. Several strategies to
reduce overage include surgeon preference cards, surgeon waste
score cards,”*” minimal surgical packs,** the “time-out”
strategy, and donating overage items to developing countries.”
The “time-out” strategy uses the time before an operation to
communicate which high cost equipment needs to be opened.”

Reusing, reprocessing and repurposing devices to reduce
waste from single-use items

Most operating room waste comes from disposable surgical
supplies, such as table covers, surgical drapes, face masks
and packaging, such as sterilised wraps.” Switching from a
disposable item to a reusable device reduces waste production,
GHG emissions and costs.”*’ Moreover, where reusing equipment
is not possible, hospital engagement with a third party SUD
reprocessing organisation has been suggested.”” #% 20434445
Wu and colleagues' discussed repurposing devices as another
strategy to keep the material within the circular economy. This
was demonstrated in two studies that repurposed polypropylene
in blue wrap and polyvinyl chloride (PVC) in plastic into medical
devices* and industrial materials™ respectively.

Improving recycling to reduce landfill and hazardous waste

Operating room strategies to improve recycling included
implementing single stream recycling,” installing specific
paper and plastic recycling bins,” and investing in a blue
wrap recycling vendor'® and a polyethylene terephthalate
recycling vendor.”” The benefits of recycling plastic have been
demonstrated by the Vinyl Council of Australia and Baxter,
who both recycle PVC plastics,” which contribute 23% to the
total volume of plastics used in the operating room.* Through
these methods, recycling increased by at least 50%’ and carbon
emissions were reduced significantly."

Barriers to strategies to reduce operating room waste

Surgeons’ perceived risk of harming their patients through
waste minimising strategies

A significant factor impeding surgeons from adopting waste
reduction strategies is the ethical pillar of “do no harm”.'"/'*303%%0
A major concern surgeons have been documented to have is
fear of infection transmission. Chiu and colleagues™ found
that this concern was reinforced by the COVID-19 pandemic.
Another documented concern is the downstream impacts of
the perceived increased risk of infection, including increased
cost to patients due to longer hospital stays.”” Additionally,
surgeons might perceive better performance of single-use

products compared with reprocessed SUD."”*! The final concern
we identified was patient autonomy, as the United States Food
and Drug Administration (FDA) does not require a patient to be
notified about the use of reprocessed SUD.”

Ineffective or insufficient waste education

A significant barrier to waste management appears to be
inadequate or insufficient waste education.”’*”">® Current
education fails to incorporate the role of the regulators in
approving reprocessed devices,” the EPA guidelines for
waste segregation,”” the environmental benefits of waste
management,”>****% and the economic burden of surgical
items. 72120295 Moreover, most education is not mandatory and
ongoing, which are both required for it to be effective.””®

Delay in economic and environmental benefits

A key barrier identified was the delayed economic and
environmental benefits from reusing and reprocessing
devices.!""7??%%  Regarding the costs of implementing
reprocessed SUD, Lee and colleagues’ found a prominent
concern was manufacturers not accepting liability for
equipment containing reprocessed parts. Regarding GHG
emissions, Papadopoulou and colleagues™ and McGain and
colleagues® found that reprocessed devices require extra steps
in their life cycle that generate a larger carbon footprint than
SUD. Similarly, Friedericy and colleagues® found reusable
devices also require extra steps that incur extra costs and carbon
emissions. Furthermore, Majernik and colleagues30 highlighted
that as the expiration time of reusables is much shorter than
disposables, these processes need to be repeated whether the
product has been used or not. McGain and colleagues® found
that the immediate costs and GHG emissions to create a circular
economy were significantly greater in Australia as 75% of the
country’s electricity is generated from coal.

Lack of systemic policies and regulations governing waste
management

A significant barrier to effective waste management is successful
implementation of policies and regulations.”"***%*** Wyssusek
and colleagues’ and Weiss and colleagues” found that surgeons
relied on an external source, such as government policies or laws,
to enforce strategies for waste reduction. There is a lack of facilit
regulations and support from hospital administration,'***>*
which is a crucial barrier to improving waste management.

Translating results into practice and policy

This review aimed to comprehensively analyse waste
management strategies in operating rooms and consider gaps in
current practices that can be a target for future improvements. The
2018 NWP framework is not specific to health care but guided the
analysis to identify opportunities for how it can be applied in the
operating room. The four strategies identified were categorised
according to the NWP waste hierarchy, and the barriers identified
were categorised based on the NWP proposed strategies. Four
barriers were identified, including current surgical interpretation
of the ethical pillar of “do no harm”; insufficient and ineffective
waste education; delayed economic and environmental benefits
from reducing waste; and lack of systemic regulations and
policies to enforce strategies. Three knowledge gaps were
identified, including lack of data, particularly life cycle analyses
(LCAs); lack of standardised regulations and policies; and lack of |
methods to create behavioural change.
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The findings of this review provide key insights for the design
and implementation of the NWP. The following proposed
improvements to the 2018 NWP should increase the framework’s
usefulness in reducing waste in health care, particularly in
operating rooms. This is of significance as several studies
revealed national policies and guidelines have a major role in
enacting change.”?" %%

Incorporating initiatives or incentives in the NWP to promote
more standardised LCAs will increase adoption of waste
reduction methods as it enhances the transparency and accuracy
of measuring progress in the NWP. LCAs can reveal the number
of cycles a reusable or reprocessed device takes to achieve the
financial break-even point. This is illustrated by Friedericy and
colleagues® who found that despite initially incurring extra costs,
hard sterile containers reached the financial break-even point after
67 cycles, compared with blue wrap. Therefore, information from
LCA research, such as the break-even point, is a key consideration
when purchasing products and driving EPP. Furthermore,
how LCAs are conducted is not always standardised, making
study comparisons difficult. For example, in the Meissner and
colleagues study,” sterilisation of the multiuse device was not
included, yet it contributed significantly to water use and GHG
emissions.””” Therefore, standardising LCA research has the
potential to substantially improve hospital EPP.

Involving regulatory bodies in reporting and releasing data on
product performance will likely improve the NWP practicality
in operating rooms. Comprehensive policies play a large role in
surgeon compliance with waste management s’cra’cegies.’lg’z]'54
In Australia, the Department of Climate Change, Energy, the
Environment and Water is the regulatory body that prepared
the NWP. However, a foreseeable issue is that the current
regulations are not specific to health care, nor address the
concerns of surgeons. Therefore, there is a need for research to
assess the perceived risk of infection transmission with reusable
instruments and performance benefits of SUD. Additionally,
releasing a list of verified reprocessing services for hospitals in
Australia, similar to what is done by the FDA in the United States,
is an opportunity to standardise regulations and encourage
surgeons to adopt waste management policies.

Finally, specifying the need for continuous, mandatory
education in hospitals, led by a dedicated “green team” might
improve the framework to encourage behavioural change. A
green team is ideally a committed team from multiple disciplines
to drive bottom-up sustainability initiatives. Despite the desire
to participate in waste management strategies, Meyer and
colleagues® found that of the 95% of 2019 respondents who agreed
tochange operating room workflow to reduce waste, 67% believed
their colleagues were unaware of the environmental crisis. This
might be overcome with a collaborative, multidisciplinary green
team to prioritise and facilitate change”"”'*%"“ at the level of the
surgeon.

How these results reflect the broader literature on
sustainable health care

Interest in sustainable health care has grown globally in recent
years.” Despite varying definitions, a common thread is that
sustainable health care enables a health care system to respond
to immediate priorities while also addressing long term cultural,
social, economic, and ecological interests.”® A major barrier
identified in broader literature on sustainable health care, and

"\ one identified in this narrative review, is interpretation of the

)

_/ Hippocratic principle of “first, do no harm”. This is a pledge taken

by doctors to balance the risks and benefits of treatments.”” This
concept is usually part of the relationship a clinician has with an
individual, rather than a clinician’s relationship with communities
and the environment. However, Lee”’ described that there has
been a shift from individual-based biomedical ethics to public
health ethics that broadens clinicians” concerns to do no harm on
an individual, community and environmental level. Therefore,
instead of surgeons thinking solely about the immediate
consequences for their patients, such as risk of infection, Sherman
and Ryan’' urge health care stakeholders to think more broadly
about this principle and rethink their roles and responsibilities
to incorporate planetary and global human health. This might
require sustainability to be incorporated into medical training,
guidelines and professional body requirements.”*”

The Sustainable Healthcare Facilities (SHF) framework”
provides an approach to integrate sustainability goals into
health care facilities. The four dimensions of the SHF framework
(environmental, economic, social and health-related) align
with the results of this narrative review. Firstly, environmental
sustainability is measured through pollution and consumption
of natural resources”” such as waste management, renewable
energy, green materials, and carbon emission reduction. These
results reflect waste management in the form of segregation,
green materials through reusable materials and custom surgical
packs, and carbon emission reductions through reprocessed and
repurposed devices. Secondly, economic sustainability refers to
the long term economic growth.”” The opportunity identified
to increase LCA research could play a key role in estimating
life cycle costs, break-even points and risk management, which
can increase sustainable economic growth of the health facility.
Thirdly, the social sustainability dimension aims to provide
comfortable user-friendly equipment and environments that are
safe and accessible to patients and staff.”® Having a dedicated
green team to address staff concerns, and to facilitate the
introduction of green materials, is recommended from this
narrative review. Finally, the aforementioned three dimensions
all impact on human health, including health-related conditions,
costs and patient satisfaction. These results demonstrate that by
improving economic, environmental and social dimensions in
the health care facility, the resultant reduction in greenhouse gas
emissions will positively impact human health. However, this
analysis does not address the additional barriers of accessibility
to these strategies in low- and middle-income countries (LMICs).

Health care quality and access is improving in LMICs;”
therefore, total emissions from surgery are set to increase.
Hence the planetary and global health conundrum of reducing
emissions in these countries without affecting access to health
care through increased initial costs and resources. Focusing
solely on decreasing emissions in health care will have negative
implications for these countries and should not be the aim of
sustainability frameworks. Instead, tailored, local training
programs on sustainable surgical practices should be encouraged,
as well as engagement with national and international political
leaders to incentivise sustainability education in health care
systems.”” In the broader literature on sustainable health care,
inherent systemic barriers in LMICs are commonly cited for low
sustainable research output including lack of funding, research
training and culture of research.”®

Strengths and limitations

Only one of the included studies considered the impact that
the COVID-19 pandemic might have on single-use waste. The



pandemic exacerbated the need for infection control and,
therefore, the barrier of “do no harm” may have become more
significant. More evidence on surgeons’ perspectives during
the pandemic is required to understand how their behaviours
and perspectives towards infection transmission have changed.
The second limitation was having only one author screen and
analyse the evidence. Although all the authors reviewed the
screening decisions, having multiple authors reviewing each
paper would have improved the reliability and reproducibility
of results, and minimised bias. The third limitation is that
other narrative reviews were included as references, meaning
the detail of the findings of those publications, including the
limitations of the included studies, may not be reflected in our
results. Finally, generalisation to Australia is limited as only
five studies were undertaken in Australia.

Conclusion

For policy makers, this narrative review reveals the gaps in the
current frameworks, such as Australia’s 2018 NWP framework.
For researchers, future research should be directed at executing

more standardised LCAs that include every aspect of the product
life cycle, to understand the economic and environmental
implications of waste reduction strategies. For surgeons, this
review emphasises the significant role they can play, together
with a green team, to fight the biggest health threat facing
humanity — climate change.
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