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Abstract

The healthcare sector generates considerable volumes of trash, most notably in operating rooms
(ORs), which aggravates global environmental damage. The aim of this study was to assess
recycling policies used in different surgical disciplines worldwide in operating rooms, therefore
pointing up significant challenges and areas for development. Governmental constraints,
inadequate knowledge, poor leadership, and organizational problems are among the several
elements that complicate the implementation of recycling ideas. The effective completion of
projects entails the application of specialized recycling operations aimed on certain materials, such
blue wrap and polyethylene terephthalate plastics. The participation of leadership and the set
policies help these projects to be supported. The results of the research underline the need of using
a whole plan including strategic alliances with companies, education, and regulatory reform to
effectively address these challenges. Effective recycling techniques in operating rooms help
healthcare facilities to combine waste management with more general environmental sustainability

goals, therefore reducing their impact on the environment and enhancing their resource efficiency.
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List of environmental issues facing healthcare.

Globally, healthcare facilities are among the main causes of waste generation and environmental
degradation; this is being increasingly acknowledged (1-4). One percent of the solid trash
generated in rich nations including the United States, Australia, and the United Kingdom comes
from hospitals; they also account for as much as two percent of the yearly greenhouse gas
emissions (2, 5, 6). Concerns about the spread of infectious diseases drove the switch from
reusable to single-use plastic products, which has greatly worsened this issue and caused a notable
increase in the generated garbage. The growing volume of waste generated in the healthcare sector
worldwide has made operations reevaluated necessary and waste minimization given top priority

while still preserving sterility and quality standards (7, 8).
Operating room waste: An international viewpoint

Often referred to as ORs, operating rooms contribute significantly to hospital trash since they
generate too much waste that makes around 20-33% of the total waste produced by hospitals (9-
13).

Hospital waste is broken out into several waste streams, each of which need for a specialized set
of techniques for safe treatment, neutralizing, and disposal. There are chances for significant
cost savings since some hospital waste is like that of household waste and can be recycled or
used. Garbage's improper classification as "clinical” or hazardous leads to ineffective recycling
methods and higher disposal costs. Most people agree that the main causes of the improper
waste classification are a poor sorting system and ignorance of information. Programs for trash
separation and educational activities have been found to help to improve the appropriate disposal

of waste and save major costs for hospitals (11, 14-19).

Operating rooms are seen as a special chance for concentrated waste reduction initiatives that
can lead to financial savings and environmental benefits (2, 11-12). This is so as the search for
"green hospitals™ acknowledges operating rooms as a special potential. To minimize the
detrimental consequences of garbage on the surroundings, a comprehensive strategy is needed.
This covers appropriately classifying waste, maximizing the 5Rs—that is, refuse, reduce, reuse,

and recycle—by means of education and conscientious consumerism, and so lower the total
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amount of trash. All of this must happen while avoiding inadequate waste management to stop

damage to either patients or hospital personnel (12).

Giving surgeons and other operating room staff leadership positions helps to build a culture of
resource economy. This not only emphasizes the importance of environmental awareness in
medical environments but also provides healthcare professionals the chance to show their
leadership (20).

The purpose and scope of the sustainability in surgical practice (SSP) task force

People are worried about climate change everywhere, endangering human health and maybe
bringing about world catastrophe. Sustainability and personal, family, and community well-
being all around are correlated. With more than five percent of the emissions of greenhouse
gases, the healthcare sector significantly affects the worldwide carbon footprint. Furthermore in
charge of 8.5% of the United States' overall greenhouse gas emissions is the industry. Quick
intervention is needed to reduce the degree of these consequences. The running room generates
a lot of waste and uses a lot of energy, which affects the sustainability of healthcare institutions
greatly (20).

Initiating the European Green Deal in December 2019, the European Commission aimed to have
Europe the first continent in the world free of greenhouse gas emissions. The European Union
passed climate guidelines in 2021 that set a target to reduce net greenhouse gas emissions by at
least 55% by 2030 in comparison to the levels that existed in 1990 and demanded the attainment
of climate neutrality by the year 2050. Launched by the United States Department of Health and
Human Services (HHS), the White House-HHS Health Sector Climate Pledge in 2022 aims to
lower emissions by half by 2030 and achieve net zero emissions by the year 2025. This was
carried out understanding that eight and a half percent of the greenhouse gas emissions in the

United States come from the health sector. Among the organizations signing the statement were
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hospitals, suppliers, insurance companies, group buying groups, pharmaceutical and device
makers, and professional medical and surgical associations like SAGES (22). Many different
universities signed the document. Working with the federal government and other healthcare
organizations, the National Academy of Medicine of the United States of America started a
Grand Challenge to help the US Health System be decarbonized (23).

Established (24) originally in commemoration of the major contributions made by the EAES and
SAGES organizations to the development of surgical excellence and sustainability, the
Sustainability in Surgical Practice (SSP) Taskforce was first Especially in the context of
minimally invasive surgery, the major goals of this partnership are to educate surgeons and their
teams as well as interact with strategic partners to establish and preserve practices that lower the

environmental effect of surgical operations.
Green operating rooms: Significance and impact

For innumerable years, there has been a clear trend of fast technical developments and continuous
scientific growth. Still, the concept of sustainability has only lately started to attract interest even
although it is now equally crucial. Since surgery falls under this category, sustainability and
leadership in surgical climate initiatives should take front stage in the healthcare sector.
Establishing Green Operating Rooms is a major first step toward the execution of morally,
ethically, and environmentally friendly medical treatments with efficiency. Modern sustainable
healthcare depends on environmentally friendly operating rooms totally. Operating rooms should
be given top importance in the application of sustainable practices since they are accountable for
a significant volume of waste and greenhouse gas emissions. Dramatically cutting utility costs,
lowering expenses, minimizing carbon emissions, supporting social justice, and so supporting the
fundamental goal of healthcare—that is, to increase health and well-being—25 Using waste-
reducing programs and energy-efficient technologies will help to achieve this. Sustainable
operational practices have the ability to improve indoor air quality and reduce harmful emissions,
therefore benefiting public health and safety. These issues disproportionately affect ethnic groups
and lower income populations. Adopting sustainable practices and Green Operations Research
approaches helps companies to satisfy consumer expectations and protect themselves in an

environment experiencing fast change (26).
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The role of societies and surgeons in promoting and implementing sustainable surgical

practices

The evolution of sustainable surgical practices depends on surgical groups such as EAES and
SAGES, which together count more than 10,000 members dedicated to endoscopic and
minimally invasive surgery, playing a major influence in the direction of these practices. Their
great responsibility is to advise surgeons and surgical teams about the impact of their operations
on the surroundings. This is particularly relevant in the elective setting and relates to the
increasing use of less invasive surgical technologies including laparoscopy and robotic surgery in

combination with an unparalleled dependence on equipment just used once (27).

Knowing the elements that make up "carbon hotspots" in the operating theater helps surgical
teams to modify their approaches and apply small changes to reduce the carbon footprint without
compromising the standard of treatment given to patients. To achieve this, it is imperative to
inform the members on the exact contributions that electricity, anesthetic drugs, procedural
techniques (open, laparoscopic, or robotic), reusable rather than disposable supplies and tools
(including procurement), and surgical waste make to the total footprint of the operation.
Societies can support best practices by creating teaching tools, writing policies, or working with
other groups and stakeholders. Research and innovation-oriented surgical societies that produce
data to support government policies and promote practice changes should support, sponsor, and
distribute such studies. To advocate policies that promote climate action and boost climate
resilience within the healthcare system, surgical societies should cooperate and participate in

worldwide advocacy initiatives including a range of stakeholders (28).

To follow legal requirements, it is absolutely crucial to support enhancements that support
recycling practices while preserving safety in order. Establishing a strong basis for institutions
would be achieved by the development and spread of accepted waste segregation guidelines,
which would be fit for the specific setting of operating rooms (29). Comparable importance lies
in educational and training initiatives meant to address knowledge gaps and alter cultural
attitudes on sustainability. The development of standards and the definition of objectives for the
percentage of recycled or disposed of materials would give exact goals for health systems and

enable the building of competitive measures at both the local and national levels (30).
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The public conversation usually focuses on the discrepancy between the actual amount
processed and the garbage meant for recycling. Variables like the location of the waste and the
current state of the economy significantly affect this difference. This fact makes it abundantly
evident that recycling systems are rather complex and that local regulations and infrastructure are
also rather important. Although it is challenging to determine the exact percentages of materials
that have been successfully recycled, stressing recycling in line with reduction and reuse
techniques offers a complete approach to minimize environmental impact and concurrently

safeguard patient safety (31).

Depending on the health system, reforms among healthcare providers can be carried either top
down or from the bottom up. Proactive leadership combined with the participation of "green
champions™ within healthcare institutions has the power to inspire major organizational
transformations required for the execution of recycling initiatives. 39; Furthermore, optimizing
surgeon preference cards will help to reduce waste and expenses, increase operational efficiency,

and minimize environmental effect (32).
Techniques to improve methods of recycling

According to a recent poll of colorectal surgeons, there is a strong wish to change current surgical
techniques to make them more ecologically friendly and to participate in instructional webinars
with an eye on sustainable practices (33). In the operating room, surgical experts can start or guide
improvements; they can also coordinate or support multidisciplinary "green OR™ teams inside their
particular institutions. Reducing the amount of surgical waste, lowering the amount of disposable
equipment used, giving items that can be reused top priority, and optimizing waste segregation in
order to maximize recycling and disposal methods help to effectively minimize carbon hotspots in
the operating room. Furthermore among the options are cutting back on the usage of inhalation
anesthetics and improving the running efficiency of the operating room and workflow all through
the perioperative period. Supported by the combined SSP SAGES and EAES commission, the
10R model of circular economy has shown to be one effective way to improve the sustainability
of surgical operations. The objectives of this project are to keep a high degree of patient care while
simultaneously cutting waste, lowering costs, and raising environmental efficiency. As well as

virtual alternatives to in-person meetings and conferences, which are known to annually produce
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a large amount of trash and carbon emissions from both air and land travel, surgeons may choose
to embrace more ecologically friendly ways of life and modes of transportation (34). Surgeons,
surgical techniques, leadership inside the health system, and industry efforts targeted at improving
surgical sustainability can greatly affect the carbon footprint of the healthcare system.

Promoting sustainability in surgical operations: a must for action.

Although patient care depends on the operating room, its influence on the surroundings is really
significant. Every single surgical operation is in charge of resource depletion and greenhouse
gas emission. This covers the generation of garbage and the energy usage. Healthcare
organizations have to give environmental sustainability top attention if they are to carry out their
main duties. Medical professionals—including surgeons, doctors, nurses, anesthesiologists,
managers of health systems, companies, and regulatory authorities—have to cooperate to
improve the spread of successful and evidence-based methods. Serving as the main source of
knowledge, education, and the transmission of evidence-supported best practices, surgical
societies are vital. It makes no difference what tools are at hand; the ideas of environmental care
apply anywhere. Transnational cooperation, the sharing of outstanding practices, and the
gathering of data from many backgrounds will define the acceleration of progress. As well as
possibilities, the operating room offers several difficulties. As stewards of the environment and
health, we have an obligation to cause a paradigm change so as to ensure the long-term survival
of both policies and the earth (21).

Being the biggest publicly funded healthcare system in the world and the main employer in
Europe, the National Health Service (NHS) has a great responsibility to lead the way in applying
emission-reducing techniques and to act as a benchmark for others to follow in terms of best
practices. About 4% of England's total carbon footprint comes from the National Health Service
(NHS), which emphasizes the need of acting further to minimize its impact on climate change
(35).

The supply chain makes about 59% of the National Health Service's total CO2 emissions,
thereby explaining a significant part of its carbon footprint. Operating theaters significantly
contribute to the carbon emissions generated in the healthcare sector due to the great volume of

resources they consume (36). Following a thorough investigation, it was found that one
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procedure may generate anything from 6 to 814 kg of carbon dioxide—equivalent of driving a
normal gasoline-powered car for more than 2,000 kilometers. The most important contributions

are to the purchase of consumables, use of electricity, and use of anesthetic gases (37).

In November 2022 the three Surgical Royal Colleges in the United Kingdom published an
Intercollegiate Climate Emergency Declaration. This statement recognized that "climate change
and anthropogenic environmental degradation pose a substantial threat to both human and
planetary health." They requested prompt action and provided their members with help in
implementing changes inside their operational theaters (38). They asked for quick response.

About one percent of the whole waste produced in the United Kingdom comes from the
healthcare sector. More than half of the waste produced by hospitals comes from operating
theaters, hence it is crucial to apply environmentally friendly waste management practices (39,
40).

Products used in surgical operations that are either disposable or intended for one use and are
either carbon dioxide emitters are clearly major causes of this emissions. Growing complexity of
surgical systems and techniques in the most recent decades has led to a notable increase in the
use of disposable devices. Still, there is a shortage of significant data showing the relevance of

quality and safety for the usage of throwaway products (41).

Although changing the ways of disposal and the materials used in the manufacturing of surgical
tools can create challenges, the use of surgical instrument packaging that eliminates the risks of
biohazards and forbids direct human contact offers a clear and maybe reasonable approach for
lowering the quantity of waste created by surgical operations. Five percent of the direct waste
generated by the National Health Service in the fiscal year 2021-22 was disposed of in landfills,
five percent was burned or treated to another treatment process, and sixteen percent was recycled
(42). Although a different investigation found that less than 1% of waste packaging for surgical
equipment was judged to be recyclable (43-46), the total proportion of waste packaging that was
recycled in the United Kingdom was 63%.

With 47-51, the healthcare sector is thought to account for 4.4% of the world's carbon footprint.

This covers the formation of garbage and the power usage, both of which significantly help to
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contribute to the greenhouse gas emissions. This has led different health organizations to create
objectives aimed at lessening the detrimental effects of healthcare operations on the
surroundings. Between 4 and 5.9% of the overall national carbon emissions are thought to be
caused by the National Health Service (NHS) in the United Kingdom. This has led the National
Health Service (NHS) to adopt targets aiming at carbon neutrality by the year 2045 (52-55).

The National Health Service (NHS) England and the NHS Improvement board convened in
October 2020 to approve a fresh approach to address climate change. While stressing energy
savings, this plan mostly aims to lower emissions from supply chains, transportation, and drugs.
The COVID-19 epidemic has caused a change in employee behavior, though, which the paper
emphasizes. This change comprises more use of heating, ventilation, and air conditioning
systems as well as personal protective gear. Thus, the greening of electricity networks and
supplier changes have so far produced the most notable emissions cuts. This revelation
emphasizes the need of such interventions by stressing the need of focused treatments at the local

institutional and personnel levels in the years to come (57).

Operating theaters (OTs) significantly contribute to the greenhouse gas emissions generated by
the healthcare sector due of their energy-intensive procedures and too reliance on materials
meant for a single use. Review results show that one operation can produce up to 814 kg of
carbon dioxide equivalent (CO2e), which is equivalent to 2,273 miles driven on an average
gasoline car. The data supporting the application of targeted and localized therapy shows some

degree of fluctuation and limitations (58).

Evaluating the environmental effects of interventions or Life Cycle Assessments (LCA) research
(59) might help one determine whether activities are pertinent. Regarding the analysis of
important results, studies on life cycle assessment (LCA) could have restrictions. Among these
constraints could be the assessment of long-term consequences, financial viability, and the
scalability of particular interventions within a healthcare authority. By use of the Triple Bottom
Line (TBL) approach, policymakers can investigate the social, environmental, and financial
consequences of an action (60). Interventions with both financial and environmental advantages
should be given top priority above those that merely offer one advantage. The Triple Bottom

Line (TBL) paradigm gives politicians more freedom in creating answers since it does not rank
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or evaluate dimensions. This is true notwithstanding particular issues in the healthcare sector,
notably those related to assessing the financial benefits in respect to health. The National Health
Service (NHS) England and other health authorities that support sustainability programs (61),
together with empirical studies carried out by Vergunst et al. (60), show the value of

retrospective TBL assessments for healthcare interventions.

Based on a recent systematic review by Almukhtar et al. (61), "knowledge™ (such as awareness
of sustainable practices) and "environmental context and resources™ (such as personnel
shortages, workload, and inadequate recycling facilities) were found as the main barriers
preventing the application of environmentally sustainable practices in running theaters. This
aligns with the results of the review, which indicated that the intervention components most
often used in occupational therapy are "environmental constraints™ and "staff education”.
Designed training programs are being carried out to foster behavioral change among medical
personnel and create responsibility. These projects give particular equipment recommendations'
financial consequences top importance. Therefore, users are driven to examine ecological costs
as a result of education on the environmental repercussions of consumables and equipment,
which finally leads to decisions more sustainable and a reduction in waste. Concurrently,
environmental restructuring calls for observable changes in the operational activities as well as

the physical surroundings.

Combining the concrete changes resulting from environmental remodeling with the knowledge
gained from education allows one to have a synergistic effect. Following many projects
including waste segregation (62), recycling programs (63), and package simplification (64), the
amount of surgical waste in North America, Europe, and Asia has significantly dropped. This
joint strategy helps to lower waste in operational technologies (OTs) by encouraging a long-
lasting sense of responsibility and supplying the necessary infrastructure to preserve sustainable
practices. Still, behavioral treatments may call for constant help, reminders, and a suitable
environment for continued efficacy. The degree of staff engagement and motivation will
determine the efficacy of these therapies; however, consistent behavior change is a difficult and
multifarious task as shown by McCarthy et al. (65). It has been established that the creation of a
specialized sustainability committee is a necessary stimulus for the advancement of behavioral

modification in the surgical environment (66).
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With the help of committed "champions,” challenging behaviors—especially those related to
perceived safety (such as the change to reusable items and the reprocessing of single-use surgical
devices)—can be successfully executed and sustained. This approach is capable of effectively
communicating the safety, effectiveness, and dependability of environmentally responsible
actions. Furthermore, a committee with several staff members can provide a forum for
cooperative communication, thereby facilitating the sharing of ideas and iterative plans to
produce long-lasting influence and behavioral modification among several stakeholders (67). By
encouraging material reuse and thereby lowering trash output, recycling projects—mostly carried
out through environmental structuring methods such labeling, colored bins, garbage segregation,
and the expansion of current programs—have greatly less environmental impact. The debate
over recycling methods within hospital waste management makes much reference to McGain et
al. (68). Comparative studies of Australia, the UK/Europe, and the USA show that switching
from single-use to reusable anesthetic equipment in Australian hospitals will result in an
unexpected 9% rise in emissions. By comparison, hospitals in the USA and the United Kingdom
would see notable declines of 48% and 84% respectively. This obvious difference emphasizes
the important influence of local industrial and infrastructure elements controlling the
environmental consequences of recycling operations. Moreover, including the financial
component into the decision-making process sharpens the complexity of the situation. Following
the acceptance of reusable anesthetic equipment, the study predicted a 46% drop in the annual
costs of an Australian hospital. By using reused personal protective equipment, a small hospital
in the United Kingdom with ten elective theaters can save £83,000 year. This economic
viewpoint distorts the debate by implying that financial considerations might rule even if
recycling might have positive effects in particular spheres. Although interventions using a single
intervention framework (IF) have shown success, they could lack the synergies generated by
concurrently addressing several elements inside a comprehensive strategy. This study shows that
by tackling different issues and combining several approaches, intervention packages consisting
of several IFs have shown rather good efficiency in lowering the environmental impact of
surgery. Many initiatives combining education, environmental change, and empowerment have
produced significant waste reduction, better recycling, and increased energy economy. These
packages respect the several processes and stakeholders engaged in healthcare environments,

therefore offering a complete solution. The cooperation across different intervention models,
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including environmental alteration and education, produces a total impact that increases general
efficacy. Intervention programs not only change behavior but also help to create a sustainable
culture in healthcare, therefore improving professional environmental consciousness and
connecting organizational standards with environmentally friendly methods. Evaluating the
results of treatments—even with a reputable framework like TBL—is challenging right now and
could lead to misinterpretation; so, it is imperative to underline the urgent need of a tool able to
examine and combine various results and contextual elements. The execution of treatments

depends mostly on context-specific elements, so their value is great (68).

MacNeil et al. (69) underline that, as LCA studies show, a universal solution is absent. The
environmental results of acts depend much on local conditions, waste management systems, and
energy sources. Consistently proving to be a dependable and effective method for global
healthcare sustainability, a "reduction” approach can also provide a basic guiding concept for the

development of sustainability projects.

Waste produced by medical institutions, especially running rooms, has a significant effect on the
surroundings. The present situation and difficulties of implementing efficient recycling programs
in hospital environments are underlined in this research. Although OR waste contains a significant
amount of recyclable materials, institutional obstacles include legal difficulties and insufficient
knowledge of recycling techniques compromise efficient waste management options.
Notwithstanding obvious environmental and financial incentives for recycling, disparities in

recycling policies persist across various geographical locations and institutional systems (66—69).
Value of recycling in the operating theater

Two objectives of using effective recycling techniques in operating rooms are guaranteeing
financial viability and encouraging environmental responsibility. The integration of the
healthcare industry with worldwide sustainability goals calls for the necessary waste
management optimization in operating rooms via recycling. This strategy not only reduces
environmental impact but also reveals possible savings in costs. This assessment emphasizes the
urgent requirement of upcoming solutions including large-scale recycling programs inside

running rooms. Although not all studies specifically endorse recycling laws, the major impact of
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healthcare activities on world waste generation places the sector in a possible leader in

environmental preservation (70).

Although there is little data demonstrating a lower risk of surgical site infection with disposables
over reusables, the need for sterility is linked to the increased reliance on disposable items.
Single-use products worsen non-biodegradable trash, which emphasizes the importance of
creating recycling solutions that match environmental responsibility with patient safety. Such
initiatives might be essential in changing company behavior and policies to support better
environmental responsibility (71).

Dealing with challenges for operating room recycling.

The results throw light on several important challenges that prevent the application of recycling
practices in operating rooms. Among these barriers include safety issues, poor knowledge and
education, leadership difficulties, legal constraints, and logistical difficulties. The linked

character of these limitations makes the execution of efficient recycling programs very difficult.

Advocacy of ideas that will advance recycling technology simultaneously guarantees safety and
helps to overcome the constraints placed by rules. The development and spread of standardized
waste segregation methods especially suited for running rooms will help to build a strong
framework for institutions (72). Likewise important are programs for education and training
meant to close knowledge gaps and change cultural attitudes on sustainability. Setting
benchmarks and targets for the proportion of recycled or disposed of materials will help health
systems to have clear goals and enable the development of competitive policies on the local and

national levels (73).

Depending on the health system, reforms among healthcare professionals might be carried out
top down or from the bottom up. Proactive leadership and the involvement of "green
champions™ inside healthcare institutions might help to inspire the acceptance of recycling
initiatives among those companies. Adoption of recycle programs depends on these
developments. Furthermore, optimizing surgeon preference cards will help to increase
operational efficiency, drastically eliminate waste and expenses, and lessen the negative

environmental impact (74).
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Original ideas and calculated alliances

Recent developments in recycling technologies are turning once non-recyclable materials into
something else entirely different, so creating fresh opportunities for effective waste reduction.
Among the improvements that could be made to raise these activities are the use of
biodegradable materials, garbage segregation station optimization, and exact waste stream
tracking deployment. Establishing strategic connections with manufacturers is one of the most
crucial tactics since it helps to reduce the packing volume and create environmentally friendly
products. These partnerships aim to increase the lifetime of medical objects by including issues

about disposal and recyclability, therefore advancing operational sustainability norms (75).

If healthcare facilities apply these ideas, they can effectively combine their waste management
policies with more general environmental sustainability goals and overcome the challenges
related with recycling in operating rooms. All tiers of the healthcare system must coordinate
their efforts during this metamorphosis. Frontline workers, legislators, and business players

should all be part of this endeavor.
Conclusions

To guarantee a sustainable future, the healthcare sector must aggressively encourage and
implement sustainable practices now. Among these are the encouragement of the sensible use of
resources, the research of substitutes for throwaway goods, and the campaigning for the application
of sustainable packaging solutions. Two great approaches to keep surgical waste to a minimum
are cutting package quantities and boosting recyclable materials count. This audit shows the great
amount of waste produced by packaging as well as the several kinds of trash produced by one
simple task. Though a lot of the trash could be readily recycled, sadly there was insufficient
labeling for the waste. Apart from eliminating extra instructional books that are easily available
online, manufacturers could also affix explicit recyclability labels to packaging, change to
recyclable materials whenever it is practicable to do so, and so on. By means of a local waste audit
and analysis, one can enhance the sustainability of surgical operations and lower the environmental

effect generated during patient care.
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