
Review began 02/01/2026 
Review ended 02/09/2026 
Published 02/13/2026

© Copyright 2026
Yoon et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

DOI: 10.7759/cureus.103520

Greening Gastroenterology: Strategies to Reduce
the Carbon Footprint in Clinical Practice
Heewon Yoon , Sara Razi , Moses Oigara , Supreeth Sujithkumar , Abhilasha Katoch , Ashrit Alinkil ,
Gurinder Singh , Manju Rai 

1. Surgery, University of Central Lancashire, Preston, GBR 2. Internal Medicine, Islamic Azad University of Tehran
Medical Sciences, Tehran, IRN 3. Pediatrics, Tenwek Hospital, Nairobi, KEN 4. Internal Medicine, All India Institute of
Medical Sciences (AIIMS), Bhopal, IND 5. Gastroenterology, Duke University School of Medicine, Durham, USA 6.
General Medicine, Swansea Bay University Health Board, Swansea, GBR 7. Clinical and Medical Sciences, Universidad
Especializada de las Américas, Panama City, PAN 8. Biotechnology, Shri Venkateshwara University, Gajraula, IND

Corresponding author: Moses Oigara, mssoigara@gmail.com

Abstract
Climate change is an escalating global health concern, and healthcare delivery contributes meaningfully to
environmental impact, with gastroenterology among the more resource-intensive clinical fields. This
narrative review explores the environmental footprint of gastroenterology - especially endoscopic practices
- and presents actionable strategies to reduce its carbon emissions without compromising care quality.
Endoscopic procedures, high in energy consumption and medical waste generation, contribute substantially
to the specialty’s carbon output. Additional contributors include pharmaceutical waste, inefficient waste
management, and travel-related emissions from both patients and professionals. The review identifies
several practical interventions, such as promoting combined procedures, reducing unnecessary biopsies,
adopting reusable accessories, and implementing telemedicine and virtual conferencing to minimize travel.
Sustainable disinfection technologies like plasma-activated gas and UVC light, alongside green pharmacy
principles and antibiotic stewardship, are highlighted as promising innovations. Barriers to implementation
- ranging from economic and regulatory constraints to clinician resistance - are critically examined, with
recommendations to embed sustainability in clinical guidelines, staff training, and procurement practices.
Real-world case studies underscore the feasibility and benefits of adopting sustainable gastroenterological
practices across varied healthcare settings. Ultimately, the review calls for systemic transformation driven by
standardized sustainability metrics, investment in green technologies, and equitable global collaboration.
As climate change increasingly intersects with gastrointestinal health, greening gastroenterology is not only
feasible but imperative for ensuring both environmental and patient well-being.
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Introduction And Background
Climate change is now recognized as one of the most pressing global health threats of the 21st century, with
wide-ranging consequences for human well-being, healthcare delivery, and planetary sustainability. The
healthcare sector paradoxically contributes significantly to the very crisis it seeks to mitigate, emitting an
estimated 4.4% of global greenhouse gases (GHGs) [1]. If considered as a nation, global healthcare would
rank as the fifth-largest emitter of carbon dioxide equivalents (CO₂e), underscoring the urgent need for
sector-wide decarbonisation [1]. Within this context, the field of gastroenterology occupies a uniquely
resource-intensive niche, characterized by high procedural volumes, energy-demanding technologies, and
considerable waste generation, particularly in the realm of endoscopic interventions.

The rising demand for gastrointestinal (GI) services, driven by aging populations, increased prevalence of
digestive diseases, and advances in diagnostic and therapeutic technologies, has led to a proportional
escalation in the specialty's environmental footprint. Endoscopic procedures, which form the backbone of
modern gastroenterology, require stringent sterilization protocols, frequent use of single-use devices, and
substantial energy inputs. These practices collectively contribute to high volumes of solid, liquid, and
hazardous waste [2-3]. Moreover, travel-related emissions from patients, providers, and professional
gatherings further exacerbate the specialty's environmental impact [4]. As climate change continues to affect
public health, including rising rates of GI infections, malnutrition, and inflammatory diseases, it becomes
imperative that gastroenterology not only adapts to these challenges but also plays an active role in
mitigation.

Recent years have seen growing awareness of the healthcare sector's environmental responsibilities,
prompting calls for the adoption of sustainable practices across clinical disciplines. The concept of "green
healthcare" has gained traction, advocating for environmentally conscious decision-making without
compromising the quality, safety, or accessibility of patient care. In gastroenterology, this translates to
reevaluating current practices, implementing waste reduction strategies, optimizing resource utilization,
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and embracing technological innovations that reduce carbon intensity. Several healthcare systems and
academic institutions have already initiated sustainability programs, ranging from eco-friendly endoscopy
suites to carbon-conscious conference planning, providing proof of concept for scalable, evidence-based
solutions (Figure 1).

FIGURE 1: Key strategies for greening gastroenterology practice
Figure created by author Gurinder Singh using Biorender

Despite this progress, the literature remains fragmented, and there is a paucity of comprehensive guidance
tailored specifically to gastroenterology. To address this gap, this review synthesizes current knowledge on
the environmental impact of gastroenterology practice and explores practical strategies for reducing its
carbon footprint. The review focuses on evaluating the environmental impact of medical waste,
pharmaceutical use, and travel-related emissions associated with diagnostic and therapeutic procedures.
Furthermore, the review highlights actionable, evidence-based strategies, supported by real-world examples,
that can be implemented to mitigate the carbon footprint of gastroenterology, thereby contributing to a
more sustainable healthcare system. 

Review
Methodology
This article is a narrative review synthesizing current evidence on the environmental impact of
gastroenterology practice and strategies to reduce its carbon footprint. The review was conducted to provide
a comprehensive, clinically relevant overview of sustainability-focused interventions applicable to
diagnostic, therapeutic, and organizational aspects of gastroenterology, without employing formal
quantitative synthesis or meta-analytic techniques.

A structured literature search was performed across major electronic databases, including
PubMed/MEDLINE, Scopus, and Google Scholar, to identify relevant publications published between January
2009 and August 2025. Additional sources were identified through manual screening of reference lists from
key articles, position statements, and consensus guidelines to ensure completeness.

The search strategy incorporated a combination of Medical Subject Headings (MeSH) terms and free-text
keywords related to sustainability and gastroenterology. Commonly used MeSH terms and keywords
included: "Gastroenterology", "Endoscopy", "Carbon Footprint", "Climate Change", "Sustainable Healthcare",
"Medical Waste", "Green Endoscopy", "Environmental Impact", "Healthcare Sustainability", and
"Telemedicine". These terms were combined using Boolean operators (AND/OR) to refine and broaden the
search as appropriate.

Articles were considered eligible for inclusion if they addressed environmental sustainability, carbon
emissions, waste generation, or resource utilization in gastroenterology or endoscopic practice; included
original research studies, narrative or systematic reviews, position statements, consensus documents, or
real-world case studies; were published in peer-reviewed journals and available in English; and had
relevance to clinical practice, healthcare systems, or policy-level sustainability interventions.

Exclusion criteria included conference abstracts without full-text availability, editorials lacking substantive
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data or analysis, non-peer-reviewed opinion pieces, and studies unrelated to gastroenterology or
gastrointestinal procedures. Articles focusing exclusively on non-clinical environmental topics without
healthcare relevance were also excluded.

Given the narrative nature of the review, data extraction was performed qualitatively. Key themes were
identified, including carbon emissions from endoscopic procedures, medical and pharmaceutical waste,
travel-related emissions, sustainable technologies, digital transformation, and barriers to implementation.
Findings were synthesized descriptively to highlight trends, practical interventions, and context-specific
considerations across diverse healthcare settings. No formal risk-of-bias assessment or statistical pooling of
results was undertaken, consistent with the aims of a narrative review. Figure 2 presents a flow diagram
illustrating the literature identification, screening, eligibility assessment, and inclusion process for studies
considered in this review. Although elements of the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) framework were applied to enhance transparency in literature identification and
selection, this review was designed as a narrative synthesis rather than a formal systematic review, and
therefore does not include quantitative pooling or risk-of-bias assessment.

FIGURE 2: Flow diagram summarizing the study selection process for
the included literature in this narrative review

Environmental impact of gastroenterology practice
Carbon Footprint of Endoscopic Procedures

Endoscopy, in particular, plays a prominent role in healthcare-related emissions. Endoscopy ranks among
the top three medical specialties contributing to GHG emissions, primarily due to its high procedural
volume, rigorous sterilization protocols, and reliance on energy-intensive equipment [5]. For every 100 GI
endoscopic procedures, an estimated 303 kilograms of solid waste, 1385 liters of liquid waste, and 1980
kilowatt-hours of electricity are consumed, of which only 20% is recyclable [6]. A study by Sonaiya et al.
(2024) estimated that endoscopic practices in the United States produce approximately 85,768 metric tons of
CO₂-equivalent (tCO₂e) emissions annually [2]. The study found that the use of single-use endoscopes alone
contributes approximately 1.37 kg of CO₂ per procedure, whereas reusable alternatives emit as little as
0.0017 kg of CO₂.

Furthermore, emissions from patient and staff travel, equipment manufacturing, and energy use underscore
endoscopy as a critical area for targeted decarbonization efforts in clinical practice [7]. Another major
contributor to the environmental burden of endoscopy units is the extensive use of packaged sterile water,
both during procedures and in decontamination processes. The production, transportation, and disposal of
these containers consume significant energy and resources [8].

Medical Waste in Gastroenterology

The environmental burden of gastroenterology is further compounded by the substantial volume of medical
waste it generates. Vu et al. reported that 450 general GI procedures performed on 400 patients in a single
endoscopy suite generated approximately 1398.6 kilograms of solid waste [9]. Of this, 1010.65 kg was
designated as landfill waste, 336.34 kg as biohazard waste, and 51.57 kg as sharps. Similarly, a study from
South Korea estimated that each endoscopic procedure generates an average of 1.34 kg of medical waste,
including disposable suction tubing, packaging, gloves, and gowns [10]. Operating rooms and procedural
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areas are known to contribute disproportionately to overall healthcare waste, thereby exacerbating
environmental, economic, and energy concerns [11].

Improper waste disposal contributes to environmental degradation, including groundwater contamination,
methane production, and ecosystem disruption. Consequently, the implementation of sustainable waste
management strategies has become imperative.

Pharmaceutical and Chemical Waste

Globally, pharmaceutical waste constitutes approximately 3% of the total waste generated by healthcare
services [12]. The growing volume of pharmaceutical by-products has raised considerable concern regarding
their disposal [13]. The improper handling and discarding of unused medications have become a mounting
global concern [14]. This challenge is particularly pronounced in developing nations, where the management
of hazardous pharmaceutical waste remains inadequate, and structured medication disposal programs are
often absent [15]. For instance, a study revealed that practices related to the handling, storage, and disposal
of medical waste were suboptimal when compared to standards observed in developed countries [16]. The
management of both hazardous and general medical waste in these settings frequently falls short of
internationally accepted safety and environmental guidelines.

Pharmaceutical waste can originate from a broad spectrum of activities within the healthcare system [13].
However, the rising consumption of pharmaceuticals has introduced additional health risks, primarily due to
the increased discharge of pharmaceutical residues into the environment during both usage and disposal
[17]. Inadequate management of such healthcare waste can pose significant risks not only to medical
personnel and waste management staff but also to patients and the broader community [12]. Research has
shown that limited awareness and poor segregation practices of medical waste can adversely affect the
quality and safety of healthcare services [18]. A study demonstrated a statistically significant relationship
between environmental factors and the overall efficiency of hospital waste management practices, including
waste segregation, classification, collection, and storage processes [19]. The study found an overall
pharmaceutical wastage rate of 3.68%, primarily due to expiry (92.05%), with supplies being the most wasted
category and tablets and injectables having high wastage rates of 20.78% and 16.49%, respectively.

Travel-Related Emissions

Travel-related emissions, particularly those associated with professional meetings and patient visits,
represent an often underestimated source of carbon output in gastroenterology. In-person attendance at
conferences contributes significantly to GHG emissions, largely due to air travel. For instance, the 2019
American Society of Clinical Oncology (ASCO) in-person conference generated an estimated 37,251 metric
tons of CO₂ equivalents [19]. In contrast, the 2020 virtual edition of the same conference produced only
115.36 metric tons [19-20]. Staff commuting accounts for approximately 4% of total greenhouse gas
emissions within the NHS [8]. Pioche et al. (2024) reported that capsule endoscopy produced a total of 20 kg
of CO₂ emissions, with the vast majority (18 kg CO₂) stemming from patient travel to the endoscopy unit,
while the capsule device itself contributed only a negligible 0.04 kg CO₂ [21].

Strategies to reduce the carbon footprint in gastroenterology
Sustainable Endoscopy Practices

A growing emphasis on sustainability within healthcare has prompted the gastroenterology community to
evaluate and reform endoscopy practices to minimize their environmental impact (Figure 3). One such
strategy involves promoting combined upper and lower GI procedures on the same day, which has been
associated with reduced carbon emissions [8]. Although comparative data remains limited, the assumption is
that single-session bidirectional endoscopy reduces patient travel, lowers the usage of personal protective
equipment (PPE), and conserves both water and energy resources. Consequently, performing combined
endoscopy when clinically indicated is encouraged as an environmentally favorable practice [8].
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FIGURE 3: Circular model of green endoscopy
This circular diagram illustrates the sustainable transformation of endoscopic practice by mapping the cycle from
traditional inputs to green outputs. Inputs such as water and single-use devices are targeted by interventions -
specifically, the adoption of reusable accessories, digital tools (e.g., telemedicine, electronic documentation), and
water-efficient practices. These interventions collectively lead to environmentally favorable outputs, including
reduced waste, lower greenhouse gas emissions, and a more resource-efficient model of care.

Figure created by author Moses Oigara using Biorender

Institutions are encouraged to perform internal audits and educate staff about the environmental impact of
energy and resource-consuming production, transportation, and disposal cycle of sterile water. Sterile
water, therefore, should be used judiciously, and leftover amounts may be repurposed, for example, for
bedside cleaning, rather than discarded [8]. Improving the efficiency of the decontamination process is
another critical intervention. Since over 90% of water use in endoscopy units occurs during
decontamination, optimizing this process with machines that reduce energy and water consumption can
significantly lower the carbon footprint [22]. In the absence of strict manufacturer guidelines, units may
evaluate the safety of substituting sterile water with tap water for routine endoscopic cleaning [22].

Energy efficiency in endoscopic unit design is also essential. Given the high electricity demands of operating
theatres, incorporating natural lighting, using energy-saving or automated lighting systems, and shutting
down non-essential equipment can substantially reduce emissions [23]. Heating, ventilation, and air
conditioning (HVAC) systems are the most energy-intensive components of hospital infrastructure [24].
Implementing HVAC energy setbacks to maintain only the essential pressure levels in endoscopy suites and
utilizing technologies such as blockchain to automate and optimize energy distribution can further enhance
sustainability [24].

In addition to physical infrastructure, promoting remote work for administrative staff can reduce emissions
associated with commuting. Furthermore, virtual consultations for result communication or low-risk
procedures offer an opportunity to reduce travel-related emissions without compromising patient care [22].

Reducing the volume of unnecessary endoscopic procedures and biopsies is a powerful sustainability
measure. An estimated 40% of endoscopic procedures are considered unnecessary, and histological findings
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from routine biopsies rarely alter clinical management, influencing decisions in only about 17% of cases
[8,21]. Inappropriate procedures and biopsies not only generate avoidable emissions but also strain
healthcare resources. Institutions should develop triage protocols, adopt evidence-based guidelines, and
consider non-invasive diagnostic alternatives when feasible [22,25]. Patient education has proven to be an
effective intervention in this regard. For instance, virtual dyspepsia education led to a 40% reduction in
gastroscopy rates in one study, highlighting its potential to reduce procedure volumes through informed
decision-making [26].

Artificial intelligence (AI) offers promising applications in endoscopy by facilitating lesion risk stratification
and minimizing unnecessary biopsies. Deep learning models have demonstrated the ability to distinguish
high-risk anal intraepithelial lesions from low-risk counterparts, reducing the need for invasive
interventions [27].

When biopsies are clinically necessary, reducing the number of collection pots can yield environmental
benefits. It has been demonstrated that placing polyps smaller than 10 mm in a single collection pot, rather
than separate ones, could reduce emissions equivalent to 396 kg CO₂e, the same as driving an average
passenger car for 982 miles [28]. This simple change requires no additional costs and can be implemented
immediately across endoscopic units.

Reusable Endoscopic Accessories

The increasing use of disposable endoscopes and accessories over the past two decades has been driven by
concerns about infection control and the costs of managing endoscope-related infections [22]. However,
lifecycle analyses reveal that single-use endoscopes produce up to 20 times the carbon emissions of reusable
alternatives, with 96% of emissions arising during production [8].

Despite these concerns, the actual risk of infection from properly reprocessed reusable scopes remains low
[22]. In the UK, no cases of infection transmission due to the reuse of gastroscopes or colonoscopes have
been reported [8]. With strict adherence to cleaning protocols, healthcare facilities can safely shift back
toward reprocessing and reusing biopsy forceps, snares, and other accessories, significantly reducing
greenhouse gas emissions.

Though the adoption of reusable endoscopic accessories is a vital step toward reducing procedural waste and
cost, its feasibility varies significantly across regions due to differences in infrastructure, regulatory
oversight, and infection control capabilities. In high-income Western countries, structured reprocessing
protocols and stringent quality assurance standards support the safe use of reusable biopsy forceps, snares,
and valves. In contrast, lower- and middle-income countries (LMICs) in Asia often face limitations in
sterilization equipment, staff training, and surveillance systems, which may compromise reprocessing
quality and patient safety if not addressed adequately. Considerable variation in cleaning and disinfection
practices for reusable accessories has been observed, often driven by inadequate standardization and
resource limitations [29]. Conversely, a recent life cycle assessment found that reusable biopsy forceps,
when properly maintained, resulted in a 75% reduction in environmental impact compared to single-use
alternatives [30]. These findings underscore the need for region-specific protocols and investment in
reprocessing infrastructure to safely scale reusable accessory programs in diverse healthcare settings [31].

Digital Transformation and Paperless Documentation

Paper contributes significantly to hospital waste, making up approximately 30% of the total [32]. The
environmental impact of paper extends beyond disposal-it includes the energy consumed in its production,
printing, and distribution. Transitioning to digital documentation systems, including electronic medical
records and digital consent forms, is a practical and sustainable solution [33].

This transition is supported by growing digital engagement among patients, with 71% reportedly
comfortable using QR codes and digital platforms [25]. Blockchain technology can further enhance data
security, accessibility, and efficiency within electronic systems, reducing the reliance on paper while
improving care quality [32]. When paper use is unavoidable, sustainability can be improved by minimizing
print volumes, recycling, and using monochrome printing [8].

Case Studies and Practical Insights

Several institutions have demonstrated the real-world benefits of sustainable practices in gastroenterology.
Approaches such as the adoption of recyclable materials, implementation of green procedural protocols, and
education of healthcare personnel have been shown to significantly reduce waste volume, operational costs,
and associated emissions. A notable example is the Mayo Clinic, which manages over 60,000 pounds of waste
daily through comprehensive recycling, incineration, and waste segregation programs, successfully reducing
landfill contributions by approximately 90% [33].
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Similarly, targeted changes in biopsy collection methods and waste handling practices have shown
substantial reductions in carbon emissions without added financial burden [34]. A prospective study in
Hyderabad found that GI endoscopy (GIE) procedures have a notable environmental impact, averaging 38.45
kg CO₂e per procedure, of which 83% was attributed to patient travel, with significantly lower waste
generation (0.504 kg per procedure) compared to Western data [35]. The study highlights the potential for
sustainability through reducing repeat procedures, optimizing patient travel, and improving resource
efficiency, especially given India's relatively higher hospital waste recycling rate of 25.7%.

A study by Desai et al. (2023) at a tertiary care academic endoscopy unit in the United States found that
every 100 GIE procedures generated approximately 303 kg of solid waste and consumed 1980 kWh of energy
[6]. Notably, 20% of this waste was potentially recyclable, indicating significant opportunities for waste
reduction through improved segregation and recycling practices. In the United Kingdom, the British Society
of Gastroenterology (BSG) has launched a comprehensive strategy to promote sustainability in
gastroenterology and hepatology [36]. This includes initiatives such as transitioning to paperless operations,
decarbonizing financial investments, and critically evaluating the environmental impact of conferences and
clinical practices. The BSG's approach emphasizes integrating sustainability into all aspects of professional
activities, from research and training to organizational operations.

Furthermore, a study from Portugal demonstrated the effectiveness of targeted interventions in reducing
medical waste within endoscopy units [37]. By conducting a four-stage prospective audit, the study achieved
a 12.9% reduction in total waste and a 41.9% reduction in regulated medical waste one month after the
intervention, with sustained benefits observed at four months. These findings underscore the potential for
significant environmental improvements through systematic waste management strategies in
gastroenterology settings. Collectively, these studies highlight the real-world benefits of adopting
sustainable practices in gastroenterology as well as the promotion of environmentally responsible clinical
operations.

Regional Adaptation of Green Gastroenterology Practices in Asia

While guidelines from Western organizations such as the BSG and the European Society of Gastrointestinal
Endoscopy (ESGE) offer comprehensive frameworks for sustainability in clinical practice, their direct
application in Asia requires contextual adjustments. Recognizing this, the Asia-Pacific Association for
Gynecologic Endoscopy and Minimally Invasive Therapy (APAGE) recently released a position statement on
green and sustainable endoscopy tailored to Asian healthcare systems, emphasizing low-cost, high-impact
strategies including rational procedure utilization, sustainability-focused education, and digital health
integration [38].

Healthcare infrastructure and economic diversity across Asia influence how green gastroenterology
initiatives can be operationalized. Many countries in the region operate under budgetary constraints that
make high-cost investments, such as energy-efficient HVAC systems, water-optimized reprocessing units, or
widespread adoption of reusable endoscopes, less feasible compared to Western systems [39-40]. In such
settings, environmentally conscious behavioral interventions, like reducing unnecessary procedures,
minimizing redundant biopsies, and extending the use of reusable accessories, can achieve meaningful
reductions in carbon emissions with minimal additional financial burden. The region also faces significant
gaps in medical waste management. Studies from India, Pakistan, and parts of Southeast Asia have
documented inadequate segregation of infectious, pharmaceutical, and general healthcare waste [41].
Improper disposal practices contribute to environmental degradation, groundwater contamination, and
occupational hazards, underscoring the need for regulatory reform and targeted training in waste
segregation, storage, and disposal [42-43]. In the absence of robust national policies or recycling
infrastructure, these basic improvements offer the most immediate path toward sustainability.

Interestingly, many Asian countries possess vibrant local medical manufacturing sectors, particularly India,
China, and Vietnam, which offer opportunities for regionally adapted solutions. Local procurement of
endoscopic devices, especially those with biodegradable packaging or modular reusable components, could
shorten supply chains and reduce the carbon emissions associated with international transport and waste
[44]. Government support for sustainable product standards in manufacturing could accelerate these
transitions and promote circular healthcare economies within the region.

A significant barrier to green gastroenterology adoption in Asia is the limited incorporation of
environmental sustainability into medical education and professional training. A multinational survey
found that environmental health remains an underemphasized topic across most Asian teaching hospitals
[45]. This knowledge gap reduces clinician awareness of the ecological consequences of clinical decisions.
Embedding sustainability content into medical school curricula, fellowship training, and continuing medical
education programs would equip healthcare professionals with the tools needed to implement
environmentally responsible practices in endoscopy units [46].

Despite infrastructural and educational limitations, Asia is uniquely positioned to leverage digital
transformation as a driver of sustainability. Countries such as India, Singapore, and Indonesia have rapidly
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scaled mobile health technologies and teleconsultation platforms, creating an enabling environment for the
expansion of virtual endoscopy follow-ups, remote procedural training, and paperless documentation. These
digital tools significantly reduce emissions associated with travel and logistics while enhancing equitable
access to specialized care [47].

A comparison of existing frameworks further illustrates the importance of regional customization (Table 1).
The ESGE promotes a "5R" strategy - Reduce, Reuse, Recycle, Rethink, and Research - that offers a structured
and evidence-based model but requires strong infrastructure and administrative coordination [43]. In
contrast, the BSG's strategy emphasizes decarbonization across institutional governance, procurement, and
research, making it ideal for high-resource settings with integrated sustainability targets [36]. APAGE,
however, focuses on pragmatic, context-sensitive actions, such as triaging procedures, prioritizing reusable
tools where safe, and encouraging hybrid education formats, making it more feasible in resource-
constrained healthcare systems [38].

Organization Focus Strength Limitation

BSG [36] Institutional transformation and decarbonization Broad policy integration Less specific for Asia

APAGE [38] Contextual clinical practice change Practical for LMICs Still evolving; less widely adopted

ESGE [43] 5R (Reduce, Reuse, Recycle, Rethink, Research) Structured and evidence-based May require robust infrastructure

TABLE 1: Comparative overview of sustainability frameworks from major gastroenterology
associations
ESGE- European Society of Gastrointestinal Endoscopy; BSG- British Society of Gastroenterology; APAGE- Asia-Pacific Association for Gynecologic
Endoscopy; LMICs- lower and middle income countries

Although Asia faces multiple implementation challenges, several promising innovations are emerging. In
Japan and South Korea, endoscopy units are trialing capsule-based diagnostics and optimized sterilization
pathways, while hybrid conference formats and tele-endoscopy initiatives have gained traction in
Singapore, China, and India [21,36,40].

To move forward, regional gastroenterology societies should prioritize the integration of green practices
into postgraduate and CME training. A simplified 3R model-Reduce, Reuse, Rationalize-could serve as a
feasible adaptation of ESGE's more comprehensive framework for low- and middle-income countries. Pilot
projects evaluating the reuse of endoscopic accessories, triage algorithms to avoid unnecessary procedures,
and virtual training platforms should be encouraged in high-volume institutions. Finally, cross-border
collaboration between APAGE, ESGE, and national GI societies could facilitate the development of lifecycle
assessment tools, regional emission benchmarks, and shared policy templates to support sustainable
gastroenterology practice throughout Asia.

Greener Pharmaceutical and Chemical Use

Endoscopic procedures are essential in gastroenterology, yet the disinfection and sterilization processes,
especially for reusable instruments, pose significant environmental and occupational safety concerns (Table
2). Disinfection and reprocessing of endoscopes and their accessories are central to infection prevention but
also contribute significantly to the environmental footprint of gastrointestinal services. High-level
disinfectants such as glutaraldehyde, peracetic acid, and ortho-phthalaldehyde (OPA) are widely used but
pose risks to both the environment and healthcare personnel through chemical emissions and occupational
exposure. A recent study found that glutaraldehyde-based disinfectants, commonly used for flexible
endoscopes, release volatile organic compounds (VOCs) and generate hazardous waste that requires
specialized handling and disposal systems, which are inconsistently implemented in many Asian facilities
[48]. The choice and handling of disinfectants can substantially influence both safety and sustainability
outcomes. Emerging alternatives such as hydrogen peroxide-based systems or low-temperature plasma
sterilization offer lower toxicity and shorter reprocessing times, though they remain underutilized in low-
resource settings due to higher initial costs [49]. Furthermore, automated endoscope reprocessors (AERs),
while efficient and water-saving in high-income countries, are less accessible in LMICs, necessitating the
development of context-appropriate protocols that balance infection control with ecological responsibility
[50]. A shift toward validated, low-toxicity disinfectants, combined with reprocessing audit systems, could
enhance both environmental and patient safety in endoscopic practice.
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Method Efficacy Environmental Impact Limitations

Ethylene oxide (EO) Moderate High (toxic residue) Leaves tissue debris [51]

Autoclaving High Low Best for complex instruments [51]

Plasma-activated gas (PAG) High (biofilm disruption) Low (biodegradable) Safe ozone dissipation [52]

Ultraviolet C (UVC) light Moderate (70% reduction) Low Best for surfaces, not devices [53]

TABLE 2: Comparative evaluation of endoscopic disinfection methods

Traditional high-level disinfectants and methods like ethylene oxide (EO) gas sterilization consume
considerable resources and produce hazardous chemical waste [51]. Recent advancements have explored
more sustainable alternatives, including the use of argon plasma-activated gas (PAG), which has
demonstrated a high degree of efficacy in reducing viable bacterial counts and disrupting 24- and 48-hour
biofilms within endoscopic channels, all while minimizing structural damage to equipment [52]. Notably,
ozone levels generated during plasma exposure return to safe concentrations within 30 seconds, enhancing
safety for healthcare personnel and patients alike. This positions PAG as a promising low-residue and
biodegradable disinfectant option, particularly suited to high-throughput environments demanding both
efficiency and safety [52]. Complementing this approach, ultraviolet C (UVC) light disinfection systems have
been tested for decontaminating stainless steel surfaces tainted with pathogens such as methicillin-resistant
Staphylococcus aureus (MRSA), Klebsiella pneumoniae, and Clostridium difficile [53]. Although UVC exposure
achieved an approximate 70% reduction in bacterial load, manual cleaning still left 50% of surfaces with
detectable contamination, indicating UVC's optimal use lies in targeted sanitation of high-touch surfaces
rather than complex instrument interiors [54]. When comparing sterilization methods for reusable biopsy
forceps, EO gas sterilization was found to leave trace Escherichia coli in 3.3% of instruments and residual
organic debris visible under electron microscopy [55]. In contrast, autoclaving achieved complete microbial
elimination, establishing its superiority for sterilizing intricately designed tools. Collectively, these findings
advocate for a more nuanced approach to sterilization, balancing environmental considerations with clinical
safety by leveraging novel technologies like PAG and UVC where applicable, while maintaining autoclaving
as the gold standard for reusable instruments.

Beyond disinfection, attention must also be directed toward pharmaceutical use in gastroenterology,
particularly the overprescription of proton pump inhibitors (PPIs) and antibiotics, which presents dual
threats of antimicrobial resistance and environmental degradation [56]. A substantial proportion of these
medications is excreted unmetabolized, entering soil and water systems and altering microbial ecosystems,
thereby promoting drug-resistant strains [56]. Moreover, the industrial processes underlying pharmaceutical
manufacturing contribute heavily to carbon emissions and resource consumption. To address this, antibiotic
stewardship programs have emerged as effective strategies within gastroenterology, particularly in the
management of conditions like Clostridium difficile infection, spontaneous bacterial peritonitis, and
Helicobacter pylori treatment [54,57]. These initiatives not only improve therapeutic outcomes but also curb
environmental contamination. Concurrently, green pharmacy movements are gaining traction, advocating
for sustainable drug manufacturing practices, the use of biodegradable packaging materials, and the
minimization of pharmaceutical waste [58]. When coupled with evidence-based prescribing protocols and
clinician-patient education, these strategies lay the groundwork for a more ecologically responsible
approach to medical care.

Reducing Travel-Related Emissions

Medical conferences play a pivotal role in advancing gastroenterological research and collaboration, yet they
are substantial contributors to carbon emissions, largely due to air travel. A 2023 study estimated that a
single neuroscience conference generated over 17,000 metric tons of CO₂, highlighting the significant
environmental toll of academic gatherings [59]. Although specific data on gastroenterology events such as
Digestive Disease Week (DDW) or United European Gastroenterology (UEG) Week is limited, these large-
scale, globally attended conferences likely produce comparable emissions. The COVID-19 pandemic acted as
a catalyst for the adoption of virtual and hybrid conference models, which have proven to significantly lower
emissions while enhancing global accessibility [60]. Increasingly, gastroenterology societies are embracing
multi-hub events, where regional centers are digitally connected, effectively reducing the need for long-haul
travel without compromising the exchange of knowledge.

In parallel, the evolution of remote endoscopy training has further contributed to emission reduction within
the field. Virtual simulation platforms and real-time proctoring technologies allow expert clinicians to
supervise procedures, deliver feedback, and conduct case-based discussions remotely [61]. These tools not
only reduce the carbon footprint associated with faculty travel but also democratize access to advanced
training in geographically or economically underserved regions. While some studies indicate that in-person
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conference attendees may enjoy higher academic visibility and h-index scores, hybrid models offer a
pragmatic compromise, retaining academic rigor while aligning with sustainability imperatives [62,63].
Moving forward, the integration of sustainability metrics into the planning of educational events will be
essential as professional societies seek to balance innovation with environmental stewardship.

Telemedicine represents another impactful avenue for reducing travel-related emissions in
gastroenterology. Virtual consultations decrease the need for patient and provider travel, thereby reducing
greenhouse gas emissions linked to personal vehicle use and facility energy demands. Numerous studies
have validated the effectiveness of telehealth for managing conditions such as gastroesophageal reflux
disease (GERD), inflammatory bowel disease (IBD), and routine post-colonoscopy follow-ups, with
comparable patient satisfaction and clinical outcomes [64]. Embedding telemedicine into standard
outpatient care, particularly for stable chronic conditions, offers a scalable, low-emission alternative to
traditional models of care [65]. As digital health tools continue to evolve, their deliberate integration into
gastroenterology practice can serve both clinical and planetary health goals.

Barriers to implementing sustainable practices
Despite growing awareness of healthcare's environmental impact, the integration of sustainable practices
into gastroenterology faces several persistent barriers, ranging from economic constraints and regulatory
hurdles to behavioral resistance within clinical teams (Table 3). These challenges complicate the adoption of
greener technologies and workflows, slowing progress toward a low-carbon, climate-smart healthcare
system.

Barrier
category

Key Issues Reference(s)

Economic
constraints

- High upfront costs for reusable instruments and energy-efficient systems. - Limited financial justification due
to lack of lifecycle cost data. - Sterilization equipment and training costs may be unaffordable in low-resource
settings.

[66-67]

Regulatory
uncertainty

- Strict hygiene standards discourage reusable devices. - Infection risks from pathogens like C. difficile and P.
aeruginosa drive preference for disposables. - Absence of integrated safety–sustainability guidelines.

[68-69]

Behavioral
resistance

- Workflow disruption due to sterilization steps. - Increased workload and documentation needs. - Lack of
awareness among staff; sustainability not embedded in clinical culture.

[70-71]

Institutional
challenges

- Weak leadership support for green transitions. - Sustainability committees and incentives are not
universally implemented. - Training and education programs are inconsistently available.

[71]

TABLE 3: Summary of key barriers to implementing sustainable practices in gastroenterology

To address these challenges, a growing number of hospitals have implemented best practices centered
around staff engagement and policy incentives. Educational campaigns that emphasize the link between
healthcare operations and climate change have proven effective in shifting attitudes and behaviors. For
example, integrating sustainability into staff onboarding and continuing education has increased awareness
and encouraged ownership of eco-friendly practices across departments. Some institutions have also
introduced performance-based incentives or recognition programs that reward departments for reducing
waste or meeting emission reduction targets [71]. At the administrative level, cross-disciplinary
sustainability committees, including clinicians, infection control experts, and procurement officers, can help
develop balanced policies that align environmental goals with safety and efficiency requirements.

Standardized metrics for healthcare sustainability, funding for green infrastructure, and clearer guidance
from accreditation agencies can all help align incentives and reduce ambiguity. As the healthcare sector
increasingly acknowledges its responsibility in the climate crisis, gastroenterology departments must be
empowered with the tools, training, and institutional support needed to overcome these systemic barriers.

Future directions and recommendations
As the climate crisis intensifies, the imperative to decarbonize healthcare, including gastroenterology, has
never been more urgent. While several promising interventions are emerging, scaling these solutions across
clinical, institutional, and policy levels will be essential to achieving meaningful environmental impact.
Table 4 summarizes these key areas, offering a structured overview of actionable recommendations that
align with current evidence and address both global and regional challenges in implementing sustainable
gastroenterology.
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Focus area Recommended actions Reference(s)

Sustainability
metrics and tools

Develop procedure-specific lifecycle assessment (LCA) tools for gastroenterology. Integrate
environmental metrics into clinical decision-making and electronic health record (EHR) systems.

[72]

Education and
professional
training

Embed sustainability content in accreditation and continuing medical education (CME) programs. Use
simulation and decision-support tools to promote low-waste, reusable practices.

[73]

Technology and
innovation

Promote tele-endoscopy, AI tools, and circular device design. Invest in biodegradable disinfectants,
energy-efficient sterilizers, and digital emissions tracking.

[74]

Policy and
governance

Adopt green procurement standards, product carbon labeling, and climate-linked reimbursement.
Offer tax incentives and grants for sustainable innovations.

[75-76]

Equity and global
collaboration

Adapt sustainability strategies to low- and middle-income countries (LMIC) contexts. Establish cross-
border platforms for technology transfer and joint protocol development.

[76]

TABLE 4: Future directions and recommendations for sustainable gastroenterology practice

It is important to acknowledge that the current literature on sustainability in gastroenterology is evolving
and remains constrained by limited high-quality comparative studies, inconsistent reporting of
environmental outcomes, and the absence of standardized sustainability metrics. As a result, precise cross-
institutional comparisons and formal cost-benefit analyses remain challenging. Future research should
prioritize the development of validated lifecycle assessment methodologies and consensus-driven reporting
standards to strengthen the evidence base. 

Conclusions
In light of the escalating climate crisis, gastroenterology must evolve to integrate environmentally
responsible practices that align with the broader goals of sustainable healthcare. This review highlights the
substantial carbon footprint associated with endoscopic procedures, pharmaceutical use, medical waste, and
travel-related activities within the specialty. Encouragingly, a variety of practical strategies, ranging from
the adoption of reusable endoscopic accessories and eco-friendly disinfectants to the promotion of
telemedicine, virtual conferences, and optimized procedural triage, have demonstrated the potential to
reduce environmental harm without compromising patient care.

However, implementation is hindered by economic, regulatory, and cultural barriers that require targeted
education, policy incentives, and systemic support. Moving forward, sustainability must be embedded in the
design of clinical protocols, training programs, and institutional policies. Investment in green technologies,
standardized environmental metrics, and collaborative frameworks will be essential to scale solutions across
diverse healthcare settings. Ultimately, a greener gastroenterology is not only feasible but necessary,
offering an opportunity for the specialty to lead in climate-conscious innovation while upholding its
commitment to patient safety, equity, and global health. By taking proactive steps today, the field can
contribute meaningfully to planetary health and ensure a more resilient and responsible healthcare future.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Moses Oigara, Heewon Yoon, Supreeth Sujithkumar, Manju Rai

Critical review of the manuscript for important intellectual content:  Moses Oigara, Heewon Yoon, Sara
Razi, Manju Rai

Drafting of the manuscript:  Heewon Yoon, Supreeth Sujithkumar, Abhilasha Katoch, Ashrit Alinkil,
Gurinder Singh

Supervision:  Heewon Yoon

Acquisition, analysis, or interpretation of data:  Sara Razi, Abhilasha Katoch, Ashrit Alinkil, Gurinder
Singh , Manju Rai

 

2026 Yoon et al. Cureus 18(2): e103520. DOI 10.7759/cureus.103520 11 of 14

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Vanmarcke D, Holubowska O, Poorthuis A, Mangelschots B, Daisne JF: How much can optimization of

hypofractionation help to reduce carbon equivalent emissions? A single-center modeling study. Adv Radiat
Oncol. 2025, 10:101781. 10.1016/j.adro.2025.101781

2. Sonaiya S, Marino R, Agollari K, Sharma P, Desai M: Environmentally sustainable gastroenterology practice:
review of current state and future goals. Dig Endosc. 2024, 36:406-20. 10.1111/den.14688

3. Zullo A, Chiovelli F, Esposito E, Hassan C, Casini B: Can gastric juice analysis with EndoFaster(®) reduce the
environmental impact of upper endoscopy?. Healthcare (Basel). 2023, 11:3186. 10.3390/healthcare11243186

4. Zurl H, Qian Z, Stelzl DR, et al.: Carbon emissions from patient travel for health care. JAMA Netw Open.
2025, 8:e252513. 10.1001/jamanetworkopen.2025.2513

5. Huo B, Eussen MM, Marconi S, et al.: Scoping review for the SAGES EAES joint collaborative on
sustainability in surgical practice. Surg Endosc. 2024, 38:5483-504. 10.1007/s00464-024-11141-x

6. Desai M, Campbell C, Perisetti A, et al.: The environmental impact of gastrointestinal procedures: a
prospective study of waste generation, energy consumption, and auditing in an endoscopy unit.
Gastroenterology. 2024, 166:496-502. 10.1053/j.gastro.2023.12.006

7. Walsh SJ, O'Leary A, Bergin C, Lee S, Varley Á, Lynch M: Primary healthcare's carbon footprint and
sustainable strategies to mitigate its contribution: a scoping review. BMC Health Serv Res. 2024, 24:1630.
10.1186/s12913-024-12068-8

8. Agrawal D, Crockett S, Palchaudhuri S, et al.: Ripple effect: safety, cost, and environmental concerns of
using sterile water in endoscopy. Gastro Hep Adv. 2025, 4:100625. 10.1016/j.gastha.2025.100625

9. Vu C, Ibarra-Vega A, Yang CD, et al.: Interventions to reduce surgical waste burden: a systematic review .
Plast Reconstr Surg Glob Open. 2024, 12:e6085. 10.1097/GOX.0000000000006085

10. Jung DH, Lee HJ, Jeon TJ, Cho YS, Kang BR, Youn NS, Cha JM: Measuring medical waste from
gastrointestinal endoscopies in South Korea to estimate their carbon footprint. Gut Liver. 2025, 19:43-9.
10.5009/gnl240209

11. Harding C, Van Loon J, Moons I, et al.: Design opportunities to reduce waste in operating rooms .
Sustainability. 2021, 13:2207. 10.3390/su13042207

12. Mohammed SA, Kahissay MH, Hailu AD: Pharmaceuticals wastage and pharmaceuticals waste management
in public health facilities of Dessie town, North East Ethiopia. PLoS One. 2021, 16:e0259160.
10.1371/journal.pone.0259160

13. Management of solid health-care waste at primary health-care centres: a decision-making guide . (2005).
Accessed: 2026: https://www.who.int/publications/i/item/management-of-solid-health-care-waste-at-
primary-health-care-centres.

14. Hajj A, Domiati S, Haddad C, et al.: Assessment of knowledge, attitude, and practice regarding the disposal
of expired and unused medications among the Lebanese population. J Pharm Policy Pract. 2022, 15:107.
10.1186/s40545-022-00506-z

15. Kanyari SS, Senapati TR, Kar A: Disposal practices of unused and expired medicines among the general
public and pharmacies: a mixed-method study in the Odisha state of eastern India. Cureus. 2024, 16:e52359.
10.7759/cureus.52359

16. Harhay MO, Halpern SD, Harhay JS, Olliaro PL: Health care waste management: a neglected and growing
public health problem worldwide. Trop Med Int Health. 2009, 14:1414-7. 10.1111/j.1365-3156.2009.02386.x

17. Aditya S: Safe medication disposal: need to sensitize undergraduate students . Int J Pharm Life Sci. 2013,
4:2475-80.

18. Minding the gap: research priorities to address pharmaceuticals in the environment . (2011). Accessed:
2026: https://global.noharm.org/media/3877/download?inline=1 .

19. Lichter KE, Sabbagh A, Demeulenaere S, et al.: Reducing the environmental impact of health care
conferences: a study of emissions and practical solutions. JCO Glob Oncol. 2024, 10:e2300209.
10.1200/GO.23.00209

20. Ferreira V, Teixeira MR: Healthcare waste management practices and risk perceptions: findings from
hospitals in the Algarve region, Portugal. Waste Manag. 2010, 30:2657-63. 10.1016/j.wasman.2010.07.012

21. Pioche M, Cunha Neves JA, Pohl H, et al.: The environmental impact of small-bowel capsule endoscopy .
Endoscopy. 2024, 56:737-46. 10.1055/a-2313-5142

22. Al-Habash M, Al-Zu'bi A: Efficiency and effectiveness of medical waste management performance,
healthcare sector and its impact on environment in Jordan: an applied study. World Appl Sci J. 2012, 19:880-
93.

23. Rodríguez de Santiago E, Dinis-Ribeiro M, Pohl H, et al.: Reducing the environmental footprint of
gastrointestinal endoscopy: European Society of Gastrointestinal Endoscopy (ESGE) and European Society
of Gastroenterology and Endoscopy Nurses and Associates (ESGENA) Position Statement. Endoscopy. 2022,
54:797-826. 10.1055/a-1859-3726

24. Almukhtar A, Batcup C, Bowman M, et al.: Interventions to achieve environmentally sustainable operating
theatres: an umbrella systematic review using the behaviour change wheel. Int J Surg. 2024, 110:7245-67.
10.1097/JS9.0000000000001951

25. Mascarenhas M, Ribeiro T, Afonso J, et al.: Smart endoscopy is greener endoscopy: leveraging artificial
intelligence and blockchain technologies to drive sustainability in digestive health care. Diagnostics (Basel).

 

2026 Yoon et al. Cureus 18(2): e103520. DOI 10.7759/cureus.103520 12 of 14

https://dx.doi.org/10.1016/j.adro.2025.101781
https://dx.doi.org/10.1016/j.adro.2025.101781
https://dx.doi.org/10.1111/den.14688
https://dx.doi.org/10.1111/den.14688
https://dx.doi.org/10.3390/healthcare11243186
https://dx.doi.org/10.3390/healthcare11243186
https://dx.doi.org/10.1001/jamanetworkopen.2025.2513
https://dx.doi.org/10.1001/jamanetworkopen.2025.2513
https://dx.doi.org/10.1007/s00464-024-11141-x
https://dx.doi.org/10.1007/s00464-024-11141-x
https://dx.doi.org/10.1053/j.gastro.2023.12.006
https://dx.doi.org/10.1053/j.gastro.2023.12.006
https://dx.doi.org/10.1186/s12913-024-12068-8
https://dx.doi.org/10.1186/s12913-024-12068-8
https://dx.doi.org/10.1016/j.gastha.2025.100625
https://dx.doi.org/10.1016/j.gastha.2025.100625
https://dx.doi.org/10.1097/GOX.0000000000006085
https://dx.doi.org/10.1097/GOX.0000000000006085
https://dx.doi.org/10.5009/gnl240209
https://dx.doi.org/10.5009/gnl240209
https://dx.doi.org/10.3390/su13042207
https://dx.doi.org/10.3390/su13042207
https://dx.doi.org/10.1371/journal.pone.0259160
https://dx.doi.org/10.1371/journal.pone.0259160
https://www.who.int/publications/i/item/management-of-solid-health-care-waste-at-primary-health-care-centres
https://www.who.int/publications/i/item/management-of-solid-health-care-waste-at-primary-health-care-centres
https://dx.doi.org/10.1186/s40545-022-00506-z
https://dx.doi.org/10.1186/s40545-022-00506-z
https://dx.doi.org/10.7759/cureus.52359
https://dx.doi.org/10.7759/cureus.52359
https://dx.doi.org/10.1111/j.1365-3156.2009.02386.x
https://dx.doi.org/10.1111/j.1365-3156.2009.02386.x
https://ijplsjournal.com/index.php/ijpls/article/view/698
https://global.noharm.org/media/3877/download?inline=1 
https://global.noharm.org/media/3877/download?inline=1 
https://dx.doi.org/10.1200/GO.23.00209
https://dx.doi.org/10.1200/GO.23.00209
https://dx.doi.org/10.1016/j.wasman.2010.07.012
https://dx.doi.org/10.1016/j.wasman.2010.07.012
https://dx.doi.org/10.1055/a-2313-5142
https://dx.doi.org/10.1055/a-2313-5142
https://nswai.org/docs/Efficiency and Effecteviness of Medical Waste Management Performance,.pdf
https://dx.doi.org/10.1055/a-1859-3726
https://dx.doi.org/10.1055/a-1859-3726
https://dx.doi.org/10.1097/JS9.0000000000001951
https://dx.doi.org/10.1097/JS9.0000000000001951
https://dx.doi.org/10.3390/diagnostics13243625


2023, 13:3625. 10.3390/diagnostics13243625
26. Donnelly L: Green endoscopy: practical implementation. Frontline Gastroenterol. 2022, 13:e7-e12.

10.1136/flgastro-2022-102116
27. de Jong D, Volkers A, de Ridder E, Neijenhuis M, Duijvestein M: Steps toward a greener endoscopy unit . Clin

Gastroenterol Hepatol. 2023, 21:2723-6. 10.1016/j.cgh.2023.06.007
28. Cunha Neves JA, Baddeley R, Pohl H, et al.: Endoscopic Sustainability PrimAry Reporting Essentials (E-

SPARE): European Society of Gastrointestinal Endoscopy (ESGE) position statement. Endoscopy. 2025,
57:674-88. 10.1055/a-2543-0400

29. Bhatia V, Bhardwaj V, Tevethia HV: Reprocessing and reuse of endoscopic accessories . J Dig Endosc. 2021,
12:214-20. 10.1055/s-0041-1741077

30. Zanganeh M, Jiang Y, Waugh N, Brown A, Chen YF, Arasaradnam RP, Andronis L: Single-use versus reusable
endoscopes in gastroenterology: systematic review of full and partial economic evaluations. Endosc Int
Open. 2025, 13:a26451463. 10.1055/a-2645-1463

31. Asombang A, Bhat P: Endoscopy and its alternatives in resource-limited countries in Africa . Tech Innov
Gastrointest Endosc. 2024, 26:283-97. 10.1016/j.tige.2024.06.004

32. van Straten B, van der Heiden DR, Robertson D, et al.: Surgical waste reprocessing: injection molding using
recycled blue wrapping paper from the operating room. J Clean Prod. 2021, 322:129121.
10.1016/j.jclepro.2021.129121

33. Handling Mayo's waste with pride, saving millions, protecting the environment in the process . (2022).
Accessed: 2025: https://intheloop.mayoclinic.org/2022/12/13/handling-mayos-waste-with-pride-saving-
millions-protecting-the-environmen....

34. Martin C, Maoate K, Hooshyari A, Ordones FV, Vermeulen LP: Transitioning to office-based transperineal
prostate biopsy—a case study from a regional New Zealand hospital in economic and environmental
sustainability. Urology. 2025, 203:53-9. 10.1016/j.urology.2025.03.052

35. Rughwani H, Kalapala R, Katrevula A, et al.: Carbon footprinting and environmental impact of
gastrointestinal endoscopy procedures at a tertiary care institution: a prospective multi-dimensional
assessment. Gut. 2025, 74:926-34. 10.1136/gutjnl-2024-332471

36. Veitch AM: Greener gastroenterology and hepatology: the British Society of Gastroenterology strategy for
climate change and sustainability. Frontline Gastroenterol. 2022, 13:e3-6. 10.1136/flgastro-2022-102134

37. Cunha Neves JA, Roseira J, Queirós P, Sousa HT, Pellino G, Cunha MF: Targeted intervention to achieve
waste reduction in gastrointestinal endoscopy. Gut. 2023, 72:306-13. 10.1136/gutjnl-2022-327005

38. Ang TL, Hang DV, Li JW, et al.: APAGE Position Statements on Green and Sustainability in
Gastroenterology, Hepatology, and Gastrointestinal Endoscopy. J Gastroenterol Hepatol. 2025, 40:821-31.
10.1111/jgh.16896

39. Teke A, Timur O: Assessing the energy efficiency improvement potentials of HVAC systems considering
economic and environmental aspects at hospitals. Renew Sustain Energy Rev. 2014, 33:224-35.
10.1016/j.rser.2014.02.002

40. Kadam A, Patil S, Patil S, et al.: Pharmaceutical waste management: an overview . Indian J Pharm Pract.
2016, 9:3. 10.5530/ijopp.9.1.2

41. Kumar R, Shaikh BT, Somrongthong R, Chapman RS: Practices and challenges of infectious waste
management: a qualitative descriptive study from tertiary care hospitals in Pakistan. Pak J Med Sci. 2015,
31:795-8.

42. Manojlović J, Jovanović V, Georgiev AM, et al.: Pharmaceutical waste management in pharmacies in Serbia .
Indian J Pharm Educ Res. 2015, 49:106-11. 10.5530/ijper.49.2.5

43. Ullah S, Khan U, Jan Q, Saifuddin T: The impact of medical waste on indigenous communities in Balochistan
Pakistan: sustainable solutions in reducing inequality and improving resilience in communities. Ann Glob
Health. 2025, 91:20. 10.5334/aogh.4609

44. Kotcher J, Maibach E, Miller J, Campbell E, Alqodmani L, Maiero M, Wyns A: Views of health professionals
on climate change and health: a multinational survey study. Lancet Planet Health. 2021, 5:e316-23.
10.1016/S2542-5196(21)00053-X

45. Sebastian S, Dhar A, Baddeley R, et al.: Green endoscopy: British Society of Gastroenterology (BSG), Joint
Accreditation Group (JAG) and Centre for Sustainable Health (CSH) joint consensus on practical measures
for environmental sustainability in endoscopy. Gut. 2023, 72:12-26. 10.1136/gutjnl-2022-328460

46. Johnson SM, Marconi S, Sanchez-Casalongue M, et al.: Sustainability in surgical practice: a collaborative call
toward environmental sustainability in operating rooms. Surg Endosc. 2024, 38:4127-37. 10.1007/s00464-
024-10962-0

47. Bhatia M, Meenakshi N, Kaur P, et al.: Digital technologies and carbon neutrality goals: an in-depth
investigation of drivers, barriers, and risk mitigation strategies. J Clean Prod. 2024, 451:141946.
10.1016/j.jclepro.2024.141946

48. Singh M, Sharma R, Gupta PK, Rana JK, Sharma M, Taneja N: Comparative efficacy evaluation of
disinfectants routinely used in hospital practice: India. Indian J Crit Care Med. 2012, 16:123-9.
10.4103/0972-5229.102067

49. Kim SY, Lee HS, Hyun JJ, et al.: Comparison on the efficacy of disinfectants used in automated endoscope
reprocessors: PHMB-DBAC versus orthophthalaldehyde. Clin Endosc. 2011, 44:109-15.
10.5946/ce.2011.44.2.109

50. Günșahin D, Șandru V, Constantinescu G, et al.: A comprehensive review of digestive endoscopy-associated
infections: bacterial pathogens, host susceptibility, and the impact of viral hepatitis. Microorganisms. 2025,
13:2128. 10.3390/microorganisms13092128

51. Rutala WA, Weber DJ: Disinfection, sterilization, and control of hospital waste . Mandell, Douglas, and
Bennett's Principles and Practice of Infectious Diseases. Elsevier, 2015. 2:3294-309. 10.1016/B978-1-4557-
4801-3.00301-5

52. Bhatt S, Mehta P, Chen C, Schneider CL, White LN, Chen HL, Kong MG: Efficacy of low-temperature plasma-
activated gas disinfection against biofilm on contaminated GI endoscope channels. Gastrointest Endosc.
2019, 89:105-14. 10.1016/j.gie.2018.08.009

 

2026 Yoon et al. Cureus 18(2): e103520. DOI 10.7759/cureus.103520 13 of 14

https://dx.doi.org/10.3390/diagnostics13243625
https://dx.doi.org/10.1136/flgastro-2022-102116
https://dx.doi.org/10.1136/flgastro-2022-102116
https://dx.doi.org/10.1016/j.cgh.2023.06.007
https://dx.doi.org/10.1016/j.cgh.2023.06.007
https://dx.doi.org/10.1055/a-2543-0400
https://dx.doi.org/10.1055/a-2543-0400
https://dx.doi.org/10.1055/s-0041-1741077
https://dx.doi.org/10.1055/s-0041-1741077
https://dx.doi.org/10.1055/a-2645-1463
https://dx.doi.org/10.1055/a-2645-1463
https://dx.doi.org/10.1016/j.tige.2024.06.004
https://dx.doi.org/10.1016/j.tige.2024.06.004
https://dx.doi.org/10.1016/j.jclepro.2021.129121
https://dx.doi.org/10.1016/j.jclepro.2021.129121
https://intheloop.mayoclinic.org/2022/12/13/handling-mayos-waste-with-pride-saving-millions-protecting-the-environment-in-the-process/
https://intheloop.mayoclinic.org/2022/12/13/handling-mayos-waste-with-pride-saving-millions-protecting-the-environment-in-the-process/
https://dx.doi.org/10.1016/j.urology.2025.03.052
https://dx.doi.org/10.1016/j.urology.2025.03.052
https://dx.doi.org/10.1136/gutjnl-2024-332471
https://dx.doi.org/10.1136/gutjnl-2024-332471
https://dx.doi.org/10.1136/flgastro-2022-102134
https://dx.doi.org/10.1136/flgastro-2022-102134
https://dx.doi.org/10.1136/gutjnl-2022-327005
https://dx.doi.org/10.1136/gutjnl-2022-327005
https://dx.doi.org/10.1111/jgh.16896
https://dx.doi.org/10.1111/jgh.16896
https://dx.doi.org/10.1016/j.rser.2014.02.002
https://dx.doi.org/10.1016/j.rser.2014.02.002
https://dx.doi.org/10.5530/ijopp.9.1.2
https://dx.doi.org/10.5530/ijopp.9.1.2
https://pmc.ncbi.nlm.nih.gov/articles/PMC4590381/
https://dx.doi.org/10.5530/ijper.49.2.5
https://dx.doi.org/10.5530/ijper.49.2.5
https://dx.doi.org/10.5334/aogh.4609
https://dx.doi.org/10.5334/aogh.4609
https://dx.doi.org/10.1016/S2542-5196(21)00053-X
https://dx.doi.org/10.1016/S2542-5196(21)00053-X
https://dx.doi.org/10.1136/gutjnl-2022-328460
https://dx.doi.org/10.1136/gutjnl-2022-328460
https://dx.doi.org/10.1007/s00464-024-10962-0
https://dx.doi.org/10.1007/s00464-024-10962-0
https://dx.doi.org/10.1016/j.jclepro.2024.141946
https://dx.doi.org/10.1016/j.jclepro.2024.141946
https://dx.doi.org/10.4103/0972-5229.102067
https://dx.doi.org/10.4103/0972-5229.102067
https://dx.doi.org/10.5946/ce.2011.44.2.109
https://dx.doi.org/10.5946/ce.2011.44.2.109
https://dx.doi.org/10.3390/microorganisms13092128
https://dx.doi.org/10.3390/microorganisms13092128
https://dx.doi.org/10.1016/B978-1-4557-4801-3.00301-5
https://dx.doi.org/10.1016/B978-1-4557-4801-3.00301-5
https://dx.doi.org/10.1016/j.gie.2018.08.009
https://dx.doi.org/10.1016/j.gie.2018.08.009


53. Maugeri A, Casini B, Esposito E, et al.: Impact of ultraviolet light disinfection on reducing hospital-
associated infections: a systematic review in healthcare environments. J Hosp Infect. 2025, 159:32-41.
10.1016/j.jhin.2025.01.014

54. Ameer MA, Foris LA, Mandiga P, et al.: Spontaneous Bacterial Peritonitis. StatPearls Publishing, Treasure
Island, FL; 2025.

55. Yoon JH, Yoon BC, Lee HL, et al.: Comparison of sterilization of reusable endoscopic biopsy forceps by
autoclaving and ethylene oxide gas. Dig Dis Sci. 2012, 57:405-12. 10.1007/s10620-011-1884-7

56. Maideen NM: Adverse effects associated with long-term use of proton pump inhibitors . Chonnam Med J.
2023, 59:115-27. 10.4068/cmj.2023.59.2.115

57. Fagni Njoya ZL, Mbiantcha M, Djuichou Nguemnang SF, et al.: Anti-Helicobacter pylori, anti-inflammatory,
and antioxidant activities of trunk bark of Alstonia boonei (Apocynaceae). Biomed Res Int. 2022,
2022:9022135. 10.1155/2022/9022135

58. Chakraborty D, Shelvapulle S, Reddy KR, Kulkarni RV, Puttaiahgowda YM, Naveen S, Raghu AV: Integration
of biological pre-treatment methods for increased energy recovery from paper and pulp biosludge. J
Microbiol Methods. 2019, 160:93-100. 10.1016/j.mimet.2019.03.015

59. Kay C, Kuper R, Becker EA: Recommendations emerging from carbon emissions estimations of the Society
for Neuroscience annual meeting. eNeuro. 2023, 10:10.1523/ENEURO.0476-22.2023

60. Vo TP, Ngo HH, Guo W, et al.: Influence of the COVID-19 pandemic on climate change summit negotiations
from the climate governance perspective. Sci Total Environ. 2023, 878:162936.
10.1016/j.scitotenv.2023.162936

61. Conway FM, Tana A, Caneja C, et al.: Development and evaluation of an international teleproctoring
program for bronchoscopic procedures. iScience. 2025, 28:111653. 10.1016/j.isci.2024.111653

62. Klöwer M, Hopkins D, Allen M, Higham J: An analysis of ways to decarbonize conference travel after
COVID-19. Nature. 2020, 583:356-9. 10.1038/d41586-020-02057-2

63. Tao Y, Steckel D, Klemeš JJ, You F: Trend towards virtual and hybrid conferences may be an effective climate
change mitigation strategy. Nat Commun. 2021, 12:7324. 10.1038/s41467-021-27251-2

64. Nagaraju GP, Sandhya T, Srilatha M, Ganji SP, Saddala MS, El-Rayes BF: Artificial intelligence in
gastrointestinal cancers: Diagnostic, prognostic, and surgical strategies. Cancer Lett. 2025, 612:217461.
10.1016/j.canlet.2025.217461

65. Ezeamii VC, Okobi OE, Wambai-Sani H, et al.: Revolutionizing Healthcare: How telemedicine is improving
patient outcomes and expanding access to care. Cureus. 2024, 16:e63881. 10.7759/cureus.63881

66. Nabi Z, Tang RS, Sundaram S, Lakhtakia S, Reddy DN: Single-use accessories and endoscopes in the era of
sustainability and climate change: a balancing act. J Gastroenterol Hepatol. 2024, 39:7-17.
10.1111/jgh.16380

67. Thiel CL, Woods NC, Bilec MM: Strategies to reduce greenhouse gas emissions from laparoscopic surgery .
Am J Public Health. 2018, 108:S158-64. 10.2105/AJPH.2018.304397

68. Lichtenstein D, Alfa MJ: Cleaning and disinfecting gastrointestinal endoscopy equipment . Clinical
Gastrointestinal Endoscopy. 2019, 32-50.e5. 10.1016/B978-0-323-41509-5.00004-9

69. Ciocîrlan M: Low-cost disposable endoscope: pros and cons . Endosc Int Open. 2019, 7:E1184-6. 10.1055/a-
0959-6003

70. MacNeill AJ, Lillywhite R, Brown PCJ: The impact of surgery on global climate: a carbon footprinting study
of operating theatres in three health systems. Lancet Planet Health. 2017, 1:381-8.

71. Karliner J, Slotterback S, Boyd R, et al.: Health care’s climate footprint: the health sector contribution and
opportunities for action. Eur J Public Health. 2020, 30:165-843. 10.1093/eurpub/ckaa165.843

72. Sherman JD, MacNeill A, Thiel C: Reducing pollution from the health care industry . JAMA. 2019, 322:1043-
4. 10.1001/jama.2019.10823

73. Ferreira A, Ramos AL, Ferreira JV, et al.: Simulation of hospital waste supply chain in the context of
Industry 4.0 - a systematic literature review. Sustainability. 2024, 16:6187. 10.3390/su16146187

74. Hollander JE, Carr BG: Virtually perfect? Telemedicine for Covid-19 . N Engl J Med. 2020, 382:1679-81.
10.1056/NEJMp2003539

75. Lenzen M, Malik A, Li M, et al.: The environmental footprint of health care: a global assessment . Lancet
Planet Health. 2020, 4:271-9. 10.1016/S2542-5196(20)30121-2

76. Delivering a net zero NHS . (2020). Accessed: 2026: https://www.england.nhs.uk/greenernhs/a-net-zero-
nhs/.

 

2026 Yoon et al. Cureus 18(2): e103520. DOI 10.7759/cureus.103520 14 of 14

https://dx.doi.org/10.1016/j.jhin.2025.01.014
https://dx.doi.org/10.1016/j.jhin.2025.01.014
https://www.ncbi.nlm.nih.gov/books/NBK448208/
https://dx.doi.org/10.1007/s10620-011-1884-7
https://dx.doi.org/10.1007/s10620-011-1884-7
https://dx.doi.org/10.4068/cmj.2023.59.2.115
https://dx.doi.org/10.4068/cmj.2023.59.2.115
https://dx.doi.org/10.1155/2022/9022135
https://dx.doi.org/10.1155/2022/9022135
https://dx.doi.org/10.1016/j.mimet.2019.03.015
https://dx.doi.org/10.1016/j.mimet.2019.03.015
https://dx.doi.org/10.1523/ENEURO.0476-22.2023
https://dx.doi.org/10.1523/ENEURO.0476-22.2023
https://dx.doi.org/10.1016/j.scitotenv.2023.162936
https://dx.doi.org/10.1016/j.scitotenv.2023.162936
https://dx.doi.org/10.1016/j.isci.2024.111653
https://dx.doi.org/10.1016/j.isci.2024.111653
https://dx.doi.org/10.1038/d41586-020-02057-2
https://dx.doi.org/10.1038/d41586-020-02057-2
https://dx.doi.org/10.1038/s41467-021-27251-2
https://dx.doi.org/10.1038/s41467-021-27251-2
https://dx.doi.org/10.1016/j.canlet.2025.217461
https://dx.doi.org/10.1016/j.canlet.2025.217461
https://dx.doi.org/10.7759/cureus.63881
https://dx.doi.org/10.7759/cureus.63881
https://dx.doi.org/10.1111/jgh.16380
https://dx.doi.org/10.1111/jgh.16380
https://dx.doi.org/10.2105/AJPH.2018.304397
https://dx.doi.org/10.2105/AJPH.2018.304397
https://dx.doi.org/10.1016/B978-0-323-41509-5.00004-9
https://dx.doi.org/10.1016/B978-0-323-41509-5.00004-9
https://dx.doi.org/10.1055/a-0959-6003
https://dx.doi.org/10.1055/a-0959-6003
https://www.thelancet.com/journals/lanplh/article/PIIS2542-519630162-6/fulltext
https://dx.doi.org/10.1093/eurpub/ckaa165.843
https://dx.doi.org/10.1093/eurpub/ckaa165.843
https://dx.doi.org/10.1001/jama.2019.10823
https://dx.doi.org/10.1001/jama.2019.10823
https://dx.doi.org/10.3390/su16146187
https://dx.doi.org/10.3390/su16146187
https://dx.doi.org/10.1056/NEJMp2003539
https://dx.doi.org/10.1056/NEJMp2003539
https://dx.doi.org/10.1016/S2542-5196(20)30121-2
https://dx.doi.org/10.1016/S2542-5196(20)30121-2
https://www.england.nhs.uk/greenernhs/a-net-zero-nhs/
https://www.england.nhs.uk/greenernhs/a-net-zero-nhs/

	Greening Gastroenterology: Strategies to Reduce the Carbon Footprint in Clinical Practice
	Abstract
	Introduction And Background
	FIGURE 1: Key strategies for greening gastroenterology practice

	Review
	Methodology
	FIGURE 2: Flow diagram summarizing the study selection process for the included literature in this narrative review

	Environmental impact of gastroenterology practice
	Strategies to reduce the carbon footprint in gastroenterology
	FIGURE 3: Circular model of green endoscopy
	TABLE 1: Comparative overview of sustainability frameworks from major gastroenterology associations
	TABLE 2: Comparative evaluation of endoscopic disinfection methods

	Barriers to implementing sustainable practices
	TABLE 3: Summary of key barriers to implementing sustainable practices in gastroenterology

	Future directions and recommendations
	TABLE 4: Future directions and recommendations for sustainable gastroenterology practice


	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


