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Abstract

There is a bidirectional relationship between climate change and healthcare.
Climate change threatens public health, and healthcare contributes to climate
change. For example, surgery is the most energy-intensive practice in the
healthcare sector, and gastrointestinal conditions are responsible for a
substantial environmental burden.

However, environmental costs associated with healthcare are often overlooked.
This issue has been examined more closely in the current intensive practice.
However, there is still a lack of global awareness and guidance on sustainable
surgical practices. This Perspective aims to reassess the evidence on healthcare
and surgery carbon footprints, focusing on gastrointestinal conditions, identify
issues that need to be addressed to achieve a more sustainable practice and
develop perspectives for future surgical procedures. The proposed framework to
mitigate the environmental effects of surgery could be translated to other

healthcare sectors.

Introduction

Climate change is one of the greatest threats to public health worldwide. The
association of air pollution, rising temperatures, flooding, and drought with
changes in the spread of vector diseases present a risk to humanity’. Also, the
healthcare sector is one of the largest waste-generating entities contributing to
climate change. In the United States, healthcare produces 655 million tons of
carbon dioxide equivalents per year (COz2e), representing 8—10% of all national
greenhouse gas emissions’.

Amongst healthcare sectors, operating theatres are the most energy-intensive
sites, three to six times more energy intensive than the rest of the hospital, greatly
contributing to this environmental burden®?. Thus, achieving sustainability in
surgery is emerging as a strategy to reduce environmental effects®. Data on the
surgical carbon footprint are emerging’-4. However, there have been insufficient
efforts to address this problem?®. Finally, gastrointestinal diseases are one of the
world’s largest therapeutic areas representing a heavy global burden. Perry et al



showed that, annually, in the USA, there are more than 43.4 million ambulatory
visits and 3.8 million hospitalisations due to a primary gastrointestinal diagnosis.
Moreover, 284.844 new gastrointestinal cancers were diagnosed in 20196, The
diagnosis of gastrointestinal diseases and their advanced management
substantially affect the generation of health-associated waste and the
consumption of environmental resources. "-°

This Perspective aims to reassess the evidence on healthcare, the carbon
footprint of surgery and gastrointestinal diseases, identify issues that need to be
addressed to achieve a more sustainable practice, and develop strategies for a

more environmentally friendly surgery and gastrointestinal practice.



Climate-change effects on health

Health promotion remains a development goal defined by the World Health
Organization (WHO)'°. Health professionals are crucial to this health promotion
path, working directly with patients, from health centres to university hospitals.
However, health facilities are greatly responsible for greenhouse gas emissions
and global warming, directly related to health diseases'?. Climate change affects
public health, and the environmental footprint deserves all our attention regarding
health promotion development.

Global warming affects health in several ways. For example, over the past 20
years, high temperatures and heat waves have been responsible for a globally
53.7% increase in heat-related mortality in people older than 65 years, owing to
the exacerbation of cardiovascular and respiratory diseases'®''. In addition,
climate change represents the ideal setting for spreading both viral, bacterial and
vector-borne infections'>-'4. Since the 1950s, there has been a higher incidence
and broader distribution of dengue, malaria, and Vibrio bacterial infections'?13 As
an example, the worldwide incidence of dengue has increased 30-fold over the
past 50 years', and the daily mean temperature, temperature variation, and
precipitation extremes are considered the most important drivers™. .

However, the effect of climate change on gastrointestinal diseases seems to go
beyond global warming and infectious diseases tie-up. Seo et al.’®, developed a
mathematical model using meteorological factors and air pollutants obtained from
eight metropolitan areas and showed a significant correlation between air
pollutants, such as carbon monoxide, and gastroesophageal reflux disease
(GERD), according to data from the GERD-related medical utilization of the
Korean National Health Insurance Service between 2002 and 2007 (r?=0.22;
p<0.001).

Undernutrition due to challenges with food production and the mental health
effects of floods and droughts are also outcomes of the emerging global warming
crisis in China, Bangladesh, Ethiopia and South Africa.'®”

Regarding pregnancy and obstetric outcomes, a 2020 systematic review, with 68
studies from United States of America analysing 32 798 152 births, concluded
that air pollution and high-temperature exposure increased the risk of low birth

weight and preterm labor'® . These factors can exacerbate asthma in children, as
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confirmed in two studies with 990 and 315 children'®-2", Fecht et al.??> observed
higher rates of cardiac arrest and emergency admissions for stroke and asthma
on high air pollution days in England. Research in this field is emerging, and it is
anticipated that more health outcomes due to climate change will be observed
soon’. Consequently, WHO predicts that by 2030, there might be 250,000

additional deaths globally per year due to climate change®324,

Carbon footprint definitions

Harmonising the definitions and technical aspects of climate change and carbon
footprint is crucial because it enables researchers to share the same language
across different sectors. For example, if one aims to analyse the overall carbon
footprint of rectal cancer diagnostic workup, it is necessary to account for
endoscopies, computerized tomography and magnetic resonance scans.
However, it would be difficult to reach this understanding if the effect of these
diagnostic procedures is measured in different units. On the other hand, if their
functional units were converted to CO2 equivalent (CO2¢)?° standard metric,
adequate comparisons and summing could be performed. Most typically, the
CO2-equivalent emission is obtained by multiplying the emission of a greenhouse
gas by its global warming potential for a 100-year time horizon. However, there
are a number of ways to compute such equivalent emissions and choose
appropriate time horizons?®. Thus, different entities have defined carbon footprint
methods of estimation. Wiedmann T et al®, elaborated on these different
methods and the associated methodological issues. One can use 1) a process
analysis, developed to understand the environmental impact of a product’s
lifecycle; 2) an environmental input-output analysis, that combines environmental
data and economic data; 3) a hybrid approach, integrating both methods. The
method of choice will depend on the investigator's aim and data availability?®.

The Intergovernmental Panel on Climate Change guidelines define greenhouse
gases as ‘gaseous atmosphere constituents that absorb and emit radiant energy
within the thermal infrared range’, responsible for the greenhouse-gas effect?’.
The term ‘carbon footprint’ was also defined as ‘the greenhouse gas produced by

activities of an organisation measured in units of CO2¢’ 1025,



Thus, the carbon footprint is an objective measure of the greenhouse gas
emissions ‘emitted into the atmosphere by an individual, organisation, process,
product, or event’ measured in CO2 2528, However, the carbon footprint
measurement is not limited to quantifying greenhouse gases. Life cycle
assessments are part of this complex process because both the product and its
production and disposal have an environmental effect’®. Life cycle assessments
integrate a “cradle to grave” analysis, including material manufacturing, transport,
decontamination (for reusable products), and disposal®.

Familiarity with these definitions is crucial for understanding the effect of different
sectors on the environment and identifying measures that can mitigate this impact
(Box 2).

Healthcare Carbon Footprint

Healthcare Carbon Footprint

Climate change substantially affects public health and constitutes a barrier to
health promotion. However, in the past years, attention has been drawn to the
effect of the healthcare sector on climate change. Globally, the healthcare sector
was responsible for 4.6% of global greenhouse gas emissions in 20177,
However, the figures might be higher per territory. For example, the healthcare
sector in the United Kingdom accounts for approximately 6% of the country’s total
CO2e emissions??; Australia’s healthcare contribution is 7%; the healthcare sector
of the United States of America (USA) represents nearly 10% of the country’s
total CO2e emissions?®3°. Importantly, these estimates are not yet available for
many territories, and the figures are getting higher. In the USA, for example,
greenhouse gas emissions have increased by more than 30% over the past
decade compared to the country previous emissions3’.

The sources of these emissions can be: 1) directly related to healthcare activities,
representing 17% of the sector’s worldwide carbon footprint, 2) indirect emissions
related to energy consumption (electricity, temperature conditioning, and power),
representing approximately 12% of the healthcare sector’s footprint, and 3) the

healthcare chain supply (energy, transport, use, and disposal of materials),
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representing approximately 71% of the total emissions3%3233, Finally, the use of
goods and services, such as pharmaceuticals and medical devices, cannot be

ignored because manufacturing is also energy demanding®° (Fig. 1).

Surgical Carbon Footprint

Hospitals are considered the second most energy-intensive buildings in the
USA30:34 Unsurprisingly, although operating theatres represent a small area in
the hospital, in the USA they are more energy-intensive than clinical wards,and
generate 50-70% of total hospital clinical waste?. Indeed, in the USA, operating
theatres are the most resource-intensive practice in the healthcare. For example,
one surgical procedure generates the same amount of waste as a family of four
weekly in the USA3®. Most operating theatres are ready to serve 24 hours a day,
seven days weekly. Maintaining this level of activity requires lighting, heating,
ventilation, and strict air conditioning settings’. These requirements account for
up to 40% of the global healthcare emissions'®%’.

The surgical pathway can be further divided into pre-procedure and
intraprocedural timetables to determine the surgical carbon footprint and identify

potentially approachable issues to address its environmental burden (Fig. 2).

Before the surgical procedure

The first step in this pathway is transferring the patient and staff to the hospital. |
In England, this journey occurs by public transport only in a minority of cases and
accounts for up to 18% of the COze healthcare emissions?®.

Second, before surgery, the patient usually needs to undergo a diagnostic
workup whose carbon footprint is often substantial. For example, if a patient
needs a computerised tomography, the environmental footprint will be 10.2 kg—
15.8 kg CO2e per patient®. In contrast, the carbon footprint for a magnetic
resonance is 22.4 kg CO2e per patient*?. Finally, endoscopies are procedures
with considerable environmental effects due to waste generation, accounting for
approximately 3.09 kg of waste per bed per day, which is equivalent to 3 kg
CO2¢*'. In addition, the use of disposable equipment, the decontamination
process of reusable scopes and patient travelling should be added to the

endoscopic environmental burden*? (Fig. 2).



During the surgical procedure

After the diagnostic workup, the patient arrives at the operating theatre, and
anaesthesia is the first vector for analysis. The current data show that an
anaesthetic plan can considerably affect the environment. Inhaled anaesthetic
agents mainly expire and are released directly into the atmosphere. These gases
(sevoflurane, isoflurane, and desflurane) are potent greenhouse gases'4344 A
study comparing the carbon footprint of inhaled agents and propofol concluded
that desflurane had the highest footprint, 15 times greater than isoflurane and 20
times greater than that of sevoflurane. Furthermore, 80% of all volatile
anaesthetic pollution results from desflurane?®4°. Importantly, propofol had the
lowest carbon footprint. In terms of global warming potential, desflurane has a
global warming potential of 2540, sevoflurane 130 and isoflurane 5102°.

Moving to surgical hand disinfection, traditionally, it requires 18.5 L of water*®.
Current guidelines recommend using water with antiseptic in the first operating
theatre procedure and alcohol gel in the following procedures*’. Adopting these
recommendations could save water and reduce costs*8. After hand disinfection,
one must consider surgical linens such as gowns, drapes, and table covers.
Despite the availability of reusable ones, disposables (single-use) ones are more
commonly used worldwide*®.

Finally, for the surgery itself, surgical packs of sterile instruments are frequently
opened before surgery begins®. 80% of surgical solid waste is generated before
the patient enters the operating theatre, and most of this waste is associated with
packaging®'-52. There is a lack of robust evidence on how much waste could be
avoided if sterile pack openings were delayed until the start of surgery. The
introduction of minimally invasive surgery over the past 20 years has brought
undeniable benefits to patients®®. However, it involves more single-use
instruments (disposables)®*, mistakenly viewed as a more economical choice,
and all hidden costs (e.g disposal, loss of resources when a not needed device
is opened, maintaining a high volume inventory), are often skipped®*. Infection
control is one of the premises used to justify using single-use instruments.
However, the data show that the infection rates are comparable to reusable
instruments®°. In a study with 100 patients submitted to appendicectomy using
reusable or single-use instruments, the infection rates were similar (2% in each

group; p=0,536)%. In addition, when the environmental effects and costs are
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accounted for, the negative impact of single-use instruments on the environment
is evident®>%”. Notably, a multicentre audit in the UK concluded that 40% of the
waste generated in operating theatres was potentially recyclable®®. However,
operating-theatre recycling is not largely applied®®.

Studies have broadly examined minimally invasive surgery. Laparoscopic and
robotic approaches are associated with higher carbon footprints compared with
the open approach. Woods et al.?° concluded that an abdominal hysterectomy
performed using an open approach (laparotomy) accounted for 22.7 kg COze. In
comparison, the laparoscopic and robotic procedures were responsible for 29.2
Kg COze and 40.3 Kg COze, respectively (Table 1). Notably, data on the effect of
different surgical approaches are scarce and limited by not considering all
surgical pathways®9-%2. Evaluating surgical procedures without assessing
inpatient days and patient outcomes is reductive from the clinical and

environmental perspectives.

Sustainable Surgery

Sustainability applied to health systems is defined by the WHO as a process to
“‘improve, maintain, or restore health while minimising negative effects on the
environment”®3-%5 As health professionals working in a high-impact field,
surgeons should be proactive and openly promote sustainable surgery. Guidance
on this pathway was disclosed in 2012 by Kagoma et al.®, focusing on the 5 R
principles of waste management (Reduce, Reuse, Recycle, Rethink, and
Research) to outline solutions to decrease the waste generated in operating
theatres®. However, in addition to solutions to decrease waste generation, these
principles can be broadly applied as future strategies for a more sustainable
surgical practice (Fig. 3). The authors of this Perspective believe that the
proposed framework to mitigate the environmental effects of surgery could be

translated to other fields.

Reduce

The reduction principle can be applied before and beyond surgery. For example,
data published in 2015 showed that 143 million additional surgical procedures
were required annually to prevent disability®®. The calculation was made using

“the frequency of operation per WHO Global Health Estimate disease
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subcategory” and then was applied “the estimated surgical frequency for each
disease subcategory to condition prevalence data” for each global region®®. Thus,
health promotion to reverse these statistics should be the first priority®. Health
promotion is a global responsibility involving patients, caregivers, health
professionals, and governments. Reducing the disease burden through healthy
behaviour could reduce disease-related healthcare requirements and surgical
demand.

Addressing waste generation in operating theatres could further reduce the
surgical carbon footprint. A correct segregation process, recycling®®, and
reformulating prepackaged surgical kits and instrument boxes (by removing
unessential items and plastic components)®” could serve this purpose. A study
on hand surgery showed that these measures alone reduced 2.3 kg of waste and
saved USA $10.64 per case®®. These principles could be further applied to
endoscopy units.

Water waste from hand disinfection has already been addressed. According to
current international guidelines, water consumption and its direct environmental
effect can be easily reduced*’48. Accordingly, after an adequate first-hand wash
with water, choosing alcohol gel for the second-hand wash might reduce water
consumption by 2.7 million litres over one year 87 and reduce costs by 67%°%.
Finally, energy consumption should also be addressed. As previously mentioned,
operating theatres is the most energy-intensive sector in hospitals. However,
operating theatres in North America are unoccupied up to 40% of the time over a
24-hour period®. For example, a Washington, USA, hospital reduced energy

consumption by 60% by decreasing ventilation output during inactive periods®3.7°.

Reuse

Reusable surgical linens and instruments are considered to be environmentally
friendly. Preferring reusables will lead to less waste generation and reduce landfill
and incineration costs. In addition, when all processes are accounted for, from
production to sterilisation, the reusable carbon footprint remains favourable
compared to disposable products®’. For example, using reusable surgical
devices (port trocars and clip appliers) in laparoscopic cholecystectomy surgery
can save approximately 122 kg of waste per case’!. Moreover, reusable gowns

could lead to a 70% final waste reduction. Currently, reusable gowns are
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preferred by surgeons and operating theatre technicians; but disposable ones are
still broadly used’?.

The reprocessing of single-use devices is controversial. Healthcare personnel
might think that reprocessing single use devices can be associated with and
increased infection rate, but that this might not be correct3¢73. For example, a
study with 590 patients comparing reprocessed versus original single-use
endolaser probes in ophthalmologic surgery (215 versus 375 patients), had no
infections in both groups’. In a similar study involving 733 patients submitted to
gastrointestinal surgery with original and reprocessed advance energy device
and gastro intestinal staplers, there was no difference between the infection rates
in the two groups (12.9% original and 13.4% reprocessed p=0.664)"°. However,
devices initially labelled as single-use can often be repaired and sterilised,
making their reuse safe’®. Although reprocessing is not a standard procedure and
protocols might differ according to territory36, in 2019, the United States Food and
Drug Administration and the European Commission developed regulations to
control in-hospital reprocessing’’. Moreover, outsourcing commercial
reprocessing that complies with these regulations is emerging. According to the
Association of Medical Device Reprocessors, 5,438,254 Kg of medical waste was
diverted from incinerators worldwide through remanufactured single-use devices
in 202078. Reuse per reprocessing and remanufacturing are expanding and offer
environmental and financial benefits. For example, the authorities in the USA
support reprocessing under approved conditions. However, reprocessing is not a
standard procedure, and protocols differ according to country36:5579 Thus,
awareness and support from the medical device industry are crucial for the

broader implementation of this practice36:5".

Recycle

80% of the operating theatre waste is generated preoperatively, 90% is
misallocated, and 40% is potentially recyclable in England. Thus, implementing
and disseminating the recycling process in OT and beyond is crucial®?63.80,
However, recycling in the healthcare setting presents several challenges.
Educating operating theatre staff on waste handling and strict infection control
rules will help overcome the fear of contamination®381. A cohort study evaluating

the waste generated by 237 operations concluded that recycling is not associated
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with additional costs and has several advantages if the practice is globally

expanded?®.

Rethink

Sustainability should be a part of healthcare professionals’ practice. Patient
health and outcomes will always be the main focus. However, the consequences
of climate change on current and future generations must not be ignored, and
strategies to address this issue should not be delayed. Rethinking entails
selecting the most sustainable choice to treat patients without causing any harm.
For example, the American Society of Anesthesiologists Task Force on the
Environment recommended using regional and total intravenous anaesthesia as
the most sustainable option (instead of high-impact inhaled anaesthetics such as
desflurane and sevoflurane) when clinically appropriate?°.

The severe acute respiratory syndrome coronavirus 2 pandemic forced us to
rethink how we practice medicine. Telemedicine has emerged as an adequate
solution that is appropriate for both professionals and patients for the follow-up of
chronic conditions®-8. This emergency and contingency solution can be
maintained in the future when appropriate, as telemedicine reduces patient travel
and vehicle emissions. Also, some applications could work with telemedicine,
allowing patients to remotely monitor their health status, reducing pressure on
oversaturated health systems®58. Furthermore, technology might be applied to
training and education as a distance-learning tool, allowing telementoring in
surgery and beyond. For example, this modality is gaining popularity at virtual
conferences®’. Telementoring enables international networking avoiding
unnecessary travel.

In addition, the medical device industry should be a part of this rethinking process.
Single-use devices are more profitable for medical companies than reusable
ones’®. For example, in a laparoscopic cholecystectomy study, including 1803
surgeries, the costs of disposables (including trocars, ports and clip applicators)
were found to be 6.4 times higher than reusable ones”'. Therefore, the creation
and promotion of reusable medical devices are of utmost importance, and this
reflection should begin within the industry, presenting sustainable devices to

medical professionals.
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The carbon cost of different treatment options for the same disease will also
probably need to be equated in the future. Two multicentre studies®:28° on GERD
surgery (288 patients) versus medical therapy (266 patients) were performed.
The first multicentre study focused on clinical outcomes: for up to 3 years, 90%
of the patients remained in remission in the surgical arm, versus 93% in the
medical arm (p=0.25)28. In the second study, Gatenby et al.?° studied the carbon
footprint of the two approaches. The surgical arm was more sustainable than the
medical arm (30 kg CO2 per annum, versus 100 kg CO2 per annum). Even
though these estimates pointed out methodological flaws, because the data used
were collected from a large multicentre cohort created for another purpose and
the model did not take into account different manufacturing origins, which can
have different carbon footprints®, this study raised questions regarding the need
to equate carbon cost with different treatment options.

Finally, systematic measurement is necessary to reduce the surgical carbon
footprint adequately. Scales to standardise carbon footprint measurement have
been developed, such as the Spark2°! for the broad surgical process or the ones
described for Misrai et alP? for the evaluation of disposable minimally-invasive
surgical devices®>°'. Technology that will allow for global implementation of these
scales is under development, and this will warrant a systematic measurement
and identify healthcare sectors where a sustainable intervention is necessary®.
In addition to the remote monitoring of patients, technology could be applied to
monitor hospital material, track maintenance and replacement timings, and boost

the efficiency of hospital supplies®.

Research

Climate change and health have attracted the attention of scientists in the past
few years, and novel data on the environment and health are being issued daily.
However, only 9.2% of the available literature focuses on the environmental
effects of the healthcare sector on health®’, and this topic has not received the
attention it deserves by researchers®. For example, endoscopy is an important
diagnostic procedure for many surgical patients. Although there has been an
increased focus on sustainable surgery, research on more sustainable

endoscopy practices is still in its early stages of development.
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Gastroenterologists and surgeons are leaders in wards, endoscopy units,
operating theatres, and scientific research. There have been excellent examples
of surgical leadership in developing and delivering global quality research that
affects patients' lives and medical practices®>%. It is time to gather the same
energy and effort for sustainability in surgery and beyond. Sustainable surgery
must be evidence-based, and there must be a real investment in quality research
in this area to achieve this. Although the motivation of practitioners and
researchers is crucial, the support of national and international entities is needed
to address this issue adequately. Environmental choices are typically
economical, and promoting a more sustainable surgical practice would advocate
environmental protection and financial savings. This financial benefit is a strong
argument, and further high-quality research demonstrating this premise is

required.

Re-educate

The authors of this Perspective consider the lack of awareness and education on
sustainability in surgery is a reality. The surgical carbon footprint has been
demonstrated %/, and guidance on possible solutions to address some of the
carbon footprint drivers has been available since 201259.99-100  However, a
sufficient real-world effort has not been made.

A survey published in 2020 showed that 19% of ophthalmologic surgeons in New
Zealand believe that climate change is not due to human activity and does not
require any human action'®'. Moreover, 61% affirmed that they were not
concerned about sustainability in their current practice'®'. In addition, less than
20% had received education or guidance regarding this subject. These data
conclusively show that education regarding surgery sustainability is urgently
needed.

The UK is at the forefront of sustainability education in healthcare. For example,
the General Medical Council and Nursing Midwifery Council require education
and the clinical application of sustainable methods'02193, |n addition, in the UK,
guidance starts in universities with lectures on sustainable healthcare for
prospective doctors and nurses'%4,

The ‘re-education process’ has already begun. Sustainability in surgery is being
promoted by multiple organisations worldwide created to address this issue. Also,
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European surgical societies like the European Society of Coloproctology’® and
European Society of Gastrointestinal Endoscopy'% are developing campaigns to
address sustainability>'%®, However, more focus should be placed on
sustainability during surgical conferences, on social media channels, and in
medical and surgical training to better educate current and future generations of
surgeons.

Notably, accounting for clinical best practices and patient safety is mandatory in
a sustainable surgical model. The ultimate goal of surgery is to cure and offer a
good health-related quality of life. Clinical best practices are starting to recognise
sustainability as an aim, and ‘doing no harm’ is starting to concern both patients
and the environment®®1%7_ |n the available studies on this topic, implementing
sustainable policies in surgery did not increase the risk of adverse events nor
result in suboptimal treatment outcomes®41%8.199_ Patients must also be integrated
into this novel approach to surgery® 9. Future studies on sustainability in surgery
should confirm the acceptability and safety of a ‘greener surgical path by

evaluating patient-reported and surgical outcomes." 9

Gastroenterology and hepatology

Gastrointestinal conditions

In the USA, gastrointestinal diseases are a source of substantial burden and
costs,and this burden is likely to continue increasing. 8. Several considerations
can be made, which explain why this field should be considered central for — and
should likely lead — a change in practice towards a sustainable approach (Box 3).
The prevalence of these conditions is one of the most important aspects, and the
associated need for invasive treatment, such as appendicectomy, is among the
most common procedures performed globally, with increasing figures over the
past few years'?. Screening and treatment for digestive cancers represent
another major determinant. According to the International Agency for Research
on Cancer of the WHO, in 2020, approximately 31,179 million people had cancer
of the stomach, colon and rectum, or liver and intrahepatic bile ducts. Figures on
these specific cancers, are expected to increase up to 36,795 million by 2040
(+59.7%)""". Notably, although the rates and cumulative risk of prostate (age

specific rate [ASR] 65.5) and lung (ASR 41.7) cancers were the highest globally
15



in men in 2010, gastrointestinal tract cancers (oesophagus, stomach, colon,
rectum and anus, liver, gallbladder and pancreas) were by far the first if taken
altogether (ASR 6.6, 15.9, 22.7, 16.3, 9.1, 2.3, 8.1, respectively)'?. The
prevalence of obesity and overweight should also be considered because this
affects the number of patients requiring surgical or endoscopic interventions for
such conditions, often involving minimally invasive approaches and single-use
consumables. An unprecedented adoption of minimally invasive surgery has
been recorded during the past decade for treating gastrointestinal diseases'’,
which seem to have surpassed the rates of open surgery between 2012 and 2018
in USA, and the associated implications for the environment can easily be
inferred. Thus, it becomes apparent that treating gastrointestinal diseases is a
major player in determining the sustainability of healthcare — and at the same
time, this sector represents an opportunity to drive the development and

implementation of novel strategies to protect the environment (Box 3).

Digestive endoscopy principles

It has been estimated that between 11-15 million colonoscopies and 6-7 million
upper gastrointestinal endoscopies are performed in one year in the USA only®.
This Perspective deconstructs the carbon footprint of the surgical pathway, as
discussed earlier, and, indeed, endoscopy is part of this pathway, and its carbon
footprint is substantial*’42114 However, most endoscopy environmental effect
drivers overlap the surgical ones, and these areas share solutions and barriers
to mitigate climate change effects. Haddock R et al. emphasised the importance
of energy and water use, waste generation and handling, minimising packaging,
and educating the staff on sustainable activities such as recycling and reducing
unnecessary resource use. This Perspective promotes applying the "reduce,
reuse, and recycle” principles but acknowledges that funding benchmarking
research and education are important efforts toward sustainability’'>. Thus, the
previously presented solutions (5 R's plus 1) apply to the daily practice of
endoscopy (Box 3).

Moreover, Siddhi et al. highlighted that the challenges to achieving an
environmentally sustainable endoscopic practice range from a standardised and
reproducible carbon footprint measurement to transforming industrial,

governmental and public health policies''®. The same multi-disciplinary approach
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needs to be implemented in surgery and other healthcare sectors to mitigate the
climate change burden. Lastly, some endoscopy-specific factors should be
considered—the first concerns endoscope re-use, which is currently a source of
major debate'"”. Reprocessing entails costs, but manufacturing, assembly, and
transportation might result in a higher environmental burden. Secondly, faecal
immunohistochemical testing could be a sustainable strategy to triage patients
based on the risk of harbouring colorectal cancer and potentially be used to
prioritise endoscopic procedures''®. However, further research and cut-off levels

adjustment might be needed''®.

Sustainability invasive procedures

Disease prevention and prompt treatment are of utmost importance in addressing
diseases’ indirect environmental burden. Furthermore, climate change can
negatively affect the gastrointestinal tract and its function. The incidence of
gastrointestinal infectious disease parallels global warming''?, , and the number
of GERD-related medical utilisation increases in air polluted environments
(defined according to Carbon monoxide and particulate matter with a diameter <
2.5 uma)’®. However, if these are relatable associations, other correlations may
not be straightforward, such as those linking functional gastrointestinal diseases
to climate change'”'?° and inflammatory bowel diseases (IBD) to aeroallergens
and air pollution'. It is very difficult to tackle environmental challenges beyond
clinicians’ practice. Clean energy promotion toward a fossil-free recovery and
recognising the importance of biodiversity preservation are some of the measures
in the COP 26 special report by WHO, focusing on ‘the health argument for
climate action’'?2. However, there are potential paths for health professionals and
healthcare administrations regarding diseases such as IBD that might result in
more sustainable practice compared to current practice.

For example, biosimilars are bending the cost curve'?? and might represent wider
global access to therapy for IBD and cancer patients than currently. The wider
availability of these therapies might allow for the reduction of the disease burden,
which is a sustainable measure as it promotes health. Also, the emergence of
subcutaneous alternatives to the conventional biologic agents' formulations for
IBD reduces unnecessary patient travelling and hospital burden because patients

can now administrate these therapies at home'?*. IBD and other chronic
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gastrointestinal disorders might lead to iron deficiency anaemia. Comorbid
anaemia is an important predictor of an increased risk of hospitalisation and
patient mortality. There is evidence regarding the using ferric carboxymaltose as
the most sustainable intravenous iron preparation due to the lower number of
infusions needed, reducing hospital burden and costs related to individual patient
management’?°,

Another example is patients with chronic liver diseases (CLD), which are high-
need and high-cost. Governmental health agencies should implement policies to
prevent hepatitis transmission, counteract alcohol abuse and encourage
lifestyles that prevent obesity and metabolic syndrome'?6. As stated, these
interventions advocating a healthier lifestyle could further reduce the need for
obesity surgery and bariatric endoscopy. Hepatitis B vaccine equity,
recommended for all newborns and individuals in high-risk groups, could
profoundly affect not only reducing hepatocellular carcinoma burden worldwide
but also reducing low and lower-middle-income countries' disease vulnerability.

As stated by WHO, “until everyone is safe, no one is safe”??.

Barriers to sustainable healthcare

A variety of barriers (‘roadblocks’ that prevent the adoption of strategies to reduce
climate change) have been reported and categorised throughout the past
years'?’. However, these barriers are not health systems’ specific hurdles.
Various contexts, such as healthcare, household, cities, and agriculture, will
share barriers holding back climate change mitigation; these are all relevant when
developing a sustainable medical and surgical practice. For example, barriers
faced by cities aiming to reduce greenhouse gas emissions and become more
resilient to face the effects of climate change (e.g., “access to funding is the single
biggest obstacle to cities delivering greater climate action”) are similar to the
barriers faced by health systems (e.g ,“the financial environment of healthcare
conflict with climate change mitigation”)'?® (Box 4).

Health systems operate in a constrained context aiming for optimal clinical care
delivery, and sustainability considerations are seldomly made'?°. Nevertheless,
there is evidence that initiatives to promote sustainable development are being
made. However, healthcare system transformations to address climate

deterioration will require paradigm shifts in healthcare aims and practices'??, and

18



changing behaviours is challenging. This necessity suggests the importance of
an additional principle to the "5 Rs rule” because re-education can be a pillar in

facilitating a cultural change, which should not be neglected.

Conclusion

Surgery is the most energy-intense sector, and achieving sustainability in surgery
is an emerging strategy for decreasing the carbon footprint of the healthcare
system (Box 1). However, environmental costs associated with surgical care are
often overlooked, and this issue has been largely ignored in the past but is gaining
increased recognition. Therefore, it is vital to undertake high-quality research to
demonstrate that promoting a more sustainable surgical practice protects the
environment and results in financial savings that would serve political interests.
Specific areas for further investigation include the environmental burden of
different surgical approaches, the implementation of operating theatres recycling,
the promotion of reusables, advocacy for sustainable anaesthetic options, the
environmental gains associated with telemedicine, telementoring and
technological developments, and looking beyond specific surgical procedures to
the overall surgical pathway.

In conclusion, climate change and environmental burdens are global problems.
However, the environmental effect of health systems goes beyond surgical
practice. Indeed, endoscopy, gastroenterology and hepatology are versatile
areas in which sustainability interventions are also pertinent. The framework
presented here to mitigate the effects of surgery can be easily transferred to other
departments and health services. The insights provided in a stepwise manner
can be applied to surgical departments and beyond (hospitals and health
services) within a multidisciplinary perspective, leading to the implementation of

climate change mitigation efforts
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Table 1. Environmental burden of the different processes during the surgical
pathway: a summary of recent articles that measured the environmental
effect of diagnostic modalities (computerized tomography, magnetic
resonance, digestive endoscopy), surgical procedures (hysterectomy,
cholecystectomy), and surgical approaches (open, laparoscopic and

robotic).
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Study

Esmaeili
et al.,
2015

Esmaeili
et al.,
2018

Woods et
al., 2015

Cassandr
aetal,
2018

Rizan et
al., 2021

Vaccari et
al., 2018

Method

Multicentric,
retrospective
cohort study

Multicentric,
retrospective
cohort study

Unicentric,
retrospective
cohort study

Unicentric,
prospective
cohort study

Unicentric

Unicentric,
Prospective,

Cohort study

Aim

“Provide quantitative information
to radiologists so that they can
be involved in making energy

improvements while maintaining

quality patient care.”

“Provide a detailed accounting of
energy and materials consumed
during magnetic resonance

imaging (MRI).”

“Our research intends to quantify
the carbon footprint of the
procedures based on their

energy consumed and waste

produced.”

“To determine the carbon
footprint of various sustainability
interventions used for
laparoscopic hysterectomy.”

“Compare the environmental
and financial life cycle cost of
currently available hybrid
instruments for laparoscopic
cholecystectomy and compare
these to single-use equivalents.”

“Understand the nature of the
relationship between generation
patterns hazardous healthcare

waste.”

Speciality

Radiology -
computerized
tomography
(CT)

Radiology -
MRI

Gynaecology -
hysterectomy
(robotic;
laparoscopic;
open approach)

Gynaecology -

hysterectomy

(laparoscopic
approach)

General
Surgery;
cholecystectomy

All Specialties
(anaesthetics,
paediatric;
intensive care
unit (ICU);
digestive
endoscopy)

Environmental
effect measure

Life cycle
assessment
(energy &
consumables)
kg COze
Life cycle
assessment
(energy &
consumables)
kg COze

Waste & energy
kg COze

Hybrid
environmental
life
cycle
assessment
kg COze
Life cycle
assessment of
the single-use
and non-single-
use (hybrid)
kg COze

Amount of
hazardous
waste

kg

Qutcome

cT
5.1-7.3 kg COs

MRI
22.54 kg CO3

Robotics
40.3 Kg COg
Laparoscopic
29.2 kg COg

Open
22.7 kg COg

Laparoscopic
hysterectomy
562 kg COg

Hybrid:
1,756 kg CO2e

Single-use:
7,194 Kg CO2e

Anaesthetics
5.96 kg per day
per bed
ICU
3.37 kg per day
per bed
Digestive
endoscopy
3.09 kg per day
per bed

COz2e, carbon dioxide equivalent; kg, kilograms; CT scan, computerized tomography scan; MRI, magnetic
resonance imaging

Figure 1. Healthcare impact on the environment. Healthcare directly contributes

to climate change. This contribution comes from different vectors.

Anaesthetic gases, waste generation, and disposable devices are

considered direct vectors. Energy use, such as electricity and temperature

conditioning, also contribute to healthcare's carbon footprint. Indirect

vectors, like fossil fuel used for patient and healthcare providers’ transport,

the life cycle assessment of the health supply manufacturer (since its

production, including transportation and water use), are all contributors to

this environmental impact. CO2: Carbon dioxide

Figure 2. Surgical carbon footprint. Surgical environmental impact can be
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evaluated before, during and after surgery. Patient and staff transportation
are responsible for 18% of all healthcare emissions. The diagnostic workup
before surgery accounts for a significant impact driven by CT scans, MRI,
and endoscopy. During surgery, there are multiple vectors to consider:
water waste due to hand disinfection; the anaesthetic gases are
responsible for 40% of the “surgical emissions”; operating theatre energy
and temperature conditioning; disposable surgical linens; and single-use
devices. Moreover, different surgical approaches have different carbon
footprints. Data on hysterectomy shows that laparotomy has a lesser
carbon footprint, followed by laparoscopy and robotics. COgze: carbon
dioxide equivalent; kg: kilograms; CT scan: computerized tomography

scan; MRI: magnetic resonance imaging

Figure 3. Areas querying action to make the surgical pathway more sustainable.

Before patient admission, health promotion measures and the use of
sustainable means of transport by patients, healthcare professionals and
products are important interventions. At the hospital, using renewable
energy sources and optimising electricity and cooling systems should be
considered. During surgery, avoiding anaesthetic gases and promoting
intravenous and local anaesthesia can have a remarkable impact.
Additionally, reducing disposables and implementing recycling would
reduce waste production. Telemedicine represents a good example of how
technology can facilitate sustainability. Research and education are
important to evaluate the impact of sustainable actions and can help to

continue this process across generations. COze: carbon dioxide equivalent

Key Points:

Box 1: Key points on environmental effects of surgical procedures and strategies for

sustainable surgery.

Key Points

Climate change dramatically threatens public health and the healthcare sector.

Surgery is the most energy-intensive practice, directly contributing to climate change.

Gastrointestinal diseases are among the most common conditions requiring invasive diagnostic

and therapeutic procedures globally.
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4- Sustainable gastroenterology and endoscopy practices are still in their early stages of

development.

5-  The “5 Rs plus 1 principle” (Reduce, re-use, recycle, rethink, research and re-educate) can be

used as a template for a more sustainable surgical practice. It can be easily applied to other

healthcare fields.

6- Sustainability in surgery encompasses a surgical pathway aiming to achieve patients’ best

outcomes in an environmental-friendly way.

7- The impact of the healthcare sector should be addressed from a multi-disciplinary perspective,

including health professionals, patients, companies, healthcare managers, and governments.

Box 2: Definitions and nomenclatures commonly used to characterise climate change and

measure its impact

Concept

Definition

Greenhouse gas

Gaseous constituents in the atmosphere that absorbs and emits

radiant energy within the thermal infrared range

Carbon footprint

An objective measure of the quantity of greenhouse gas
emissions emitted into the atmosphere by an individual,

organisation, process, product or event” measured in COze

Carbon dioxide equivalents (COze)

A standard metric measure used to compare the emissions from
various Greenhouse Gases based on their global warming

potential over a specified timescale to express a carbon footprint

Life Cycle Assessments

Methodologic and detailed way to assess the financial cost and
environmental impact of a product from its production until its

disposal

Box 3: Relevance of Gastroenterology and Hepatology on Sustainable Healthcare practices

Gastroenterology and Hepatology on Sustainable Healthcare Practices

Priority

Epidemiological relevance (GERD; functional disorders;
gastrointestinal infections; CLD; IBD; gastrointestinal
cancer)

One of the world’s largest therapeutic areas representing
a heavy global burden

Advanced management demand (endoscopy, surgery)
Endoscopy is a burdensome practice due to waste
generation, disposable equipment, energy, and water

consumption

Sustainable Applications

Disease prevention (vaccination, policies to counteract
alcohol abuse, and healthy lifestyle advocation)
Use of lower impact, and wider accessible, medications

that are safe and effective (e.g., biosimilars)
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Reduce unnecessary patient traveling (subcutaneous
alternatives to intravenous, teleconsultation)
“5 R’s plus one” interventions in endoscopy units and

gastroenterology departments

Ethics

Re-use per reprocessing and remanufacturing (regulation
development and advice from the medical device
industry)

Ensure acceptability and safety of sustainable choices
through outcome measures (patient-reported; productivity

estimates)

CLD, chronic liver disease; GERD, gastroesophageal reflux disease; IBD, inflammatory bowel

disease

Box 4: Common barriers to adopting a sustainable approach that applies to healthcare.

Barriers to the adoption of a sustainable approach that apply to healthcare

Barriers

Economic and financial — access to funding to implement
greater climate action

Policy and leadership — difficulties in implementing long-
term measures when governments usually change on a
shorter-term cycles

Institution, regulatory, and legislative - conflicting interests
Information and knowledge — lack of global awareness
and advice

Social and cultural — influence, adaptation, change and
decision making

Technology and infrastructure

Physical and human context — adaptative capacity limited

by human resources

[ToC blurb] Healthcare contributes to the climate change burden, and

measures should be taken to mitigate these effects. This Perspective

discusses the carbon footprint of surgery in gastroenterology and

hepatology and offers an overview of sustainable strategies.
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Figure 1
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Figure 2
Surgical Carbon Footprint
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Figure 3

SUSTAINABILITY
SURGIGAL PATHWAY
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Surgery he largest waste generating sectors, and sustainability in surgery
stands as a growth strategy to decrease healthcare carbon footprint.

stakeholders should be emphasized, as both doctors, companies,
healthcare managers, and governments should be involved in the solution.




