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Abstract

Sections

Thereis abidirectional relationship between climate change and

health care. Climate change threatens public health, and health care
contributes to climate change. For example, surgery is the most
energy-intensive practice in the health-care sector, and gastrointestinal
conditions are responsible for a substantial environmental burden.
However, environmental costs associated with health care are often

overlooked. Thisissue has been examined more closely in current times.

Emerging data are mainly focused on surgery, as the most resource-
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 health care and surgery carbon footprints,
focusing on gastrointestinal conditions, identify issues that need

tobe addressed to achieve amore sustainable practice and develop
perspectives for future surgical procedures. The proposed framework
to mitigate the environmental effects of surgery could be translated to
other health-care sectors.

Introduction

Climate change effects
on health

Carbon footprint definitions

Health-care carbon footprint

Sustainable surgery

Gastroenterology and
hepatology

Barriers to sustainable health
care

Conclusion

'Colorectal Surgery group - General Surgery Department, Algarve University Centre, Portimao, Portugal. 2Algarve
Biomedical Centre, Portimao, Portugal. *Department of Advanced Medical and Surgical Sciences, Universita
degli Studi della Campania ‘Luigi Vanvitelli’, Naples, Italy. “Colorectal Surgery, Vall d’Hebron University Hospital,
Barcelona, Spain. [<e-mail: miguelcunha86@gmail.com; gipe1984@gmail.com

Nature Reviews Gastroenterology & Hepatology | Volume 20 | June 2023 | 399-410

399


http://www.nature.com/nrgastro
https://doi.org/10.1038/s41575-022-00716-5
http://crossmark.crossref.org/dialog/?doi=10.1038/s41575-022-00716-5&domain=pdf
http://orcid.org/0000-0002-7353-2425
http://orcid.org/0000-0002-8322-6421
mailto:miguelcunha86@gmail.com
mailto:gipe1984@gmail.com

Perspective

Introduction

Climate change is one of the greatest threats to public health world-
wide. The association of air pollution, rising temperatures, flooding
and drought with changes in the spread of vector diseases presents
a risk to humanity’. Also, the health-care sector is one of the larg-
est waste-generating entities contributing to climate change. For
example, inthe USA, health care produces 655 million tons of carbon
dioxide equivalent (CO,,) per year, representing 8-10% of all national
greenhouse gas emissions’.

Among health-care 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'2 Thus,
achievingsustainabilityinsurgeryisemergingasastrategytoreduceenvi-
ronmental effects®. Data on the surgical carbon footprint are emerging™.
However, there have been insufficient efforts to address this problem?’.
Finally, gastrointestinal diseases are one of the world’s largest therapeu-
ticareas and representsa heavy globalburden. Peery et al.° showed that,
annually, inthe USA, there are more than 43.4 million ambulatory visits
and 3.8 million hospitalizations due to a primary gastrointestinal diag-
nosis. Moreover, 284,844 new gastrointestinal cancers were diagnosed
in 2019. 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 health care, the
carbon footprint of surgery and gastrointestinal diseases, identify
issuesthat need tobe addressed to achieve more sustainable practice
and develop strategies for more environmentally friendly surgery and
gastrointestinal practice.

Climate change effects on health

Health promotion remains a development goal defined by the
WHO". Health professionals are crucial to this health promotion path,
working directly with patients, from health centres to university hospi-
tals. However, health facilities are greatly responsible for greenhouse
gas emissions and global warming, directly related to health-promoting
strategies and diseases'®. Climate change affects public health, and
the environmental footprint deserves all our attention with regard to
health promotion development.

Global warming affects health in several ways. For example, over
the past 20 years, high temperatures and heat waves have been respon-
sible for a global 53.7% increase in heat-related mortality in people
older than 65 years, owing to the exacerbation of cardiovascular and
respiratory diseases'®". Inaddition, climate change represents the ideal
settingforspreadingviral,bacterialand vector-borneinfections ™. Since
the1950s, there has beena higherincidence and broader distribution
of dengue, malaria and Vibrio bacterial infections'>* As an example,
the worldwideincidence of dengue hasincreased 30-fold over the past
50years", 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 the global warming and infectious diseases tie-up.
Seoetal.” developed amathematical model using meteorological factors
and air pollutants obtained from eight metropolitan areas and showed a
significant correlation between air pollutants suchas carbon monoxide
and gastro-oesophageal reflux disease (GERD), according to data from
the GERD-related medical care utilization of the Korean National Health
Insurance Service between 2002 and 2007 (= 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 the USA that analysed 32,798,152 births,
concluded thatair pollution and high-temperature exposureincreased
the risk of low birth weight and preterm labour'®. These factors can
exacerbate asthma in children, as confirmed in two studies with 990
and 315 children'?. In addition, Fecht et al.”? observed higher rates of
cardiacarrestand emergency admissions for stroke and asthma ondays
ofhighair pollutionin England. Researchin this field is emerging, andit
isanticipated 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**.

Carbon footprint definitions

Harmonization of the definitions and technical aspects of climate
change and carbon footprintis crucial because it enables researchers
toshare the same language across different sectors. For example, if one
aimsto analyse the overall carbon footprint of rectal cancer diagnostic
work-up, itis necessary to account for endoscopies, CT and magnetic
resonance scans. However, it will not be easy to reach this understand-
ingifthe effect of these diagnostic proceduresis measured in different
units. On the other hand, if their functional units were converted into
the CO,, (ref.””) standard metric, adequate comparisons and summing
couldbe performed. Most typically, CO,. emissionis obtained by multi-
plying the emission of agreenhouse gas by its global warming potential
foral00-year time horizon. However, there are several ways to compute
such equivalent emissions and choose appropriate time horizons®.
Thus, different entities have defined carbon footprint methods of esti-
mation. Wiedmann and Minx** elaborated on these different methods
andtheassociated methodological issues. For example, one canusea
process analysis developed to understand the environmental impact
ofaproduct’slife cycle, an environmental input-output analysis that
combines environmental dataand economic dataor ahybrid approach,
integrating the two methods. The method of choice will depend on the
investigator’s aim and data availability®.

ThelIntergovernmental Panel on Climate Change guidelines define
greenhouse gases as “gaseous atmosphere constituents that absorb
and emitradiantenergy withinthe thermalinfrared range”, responsible
for the greenhouse gas effect”. The term ‘carbon footprint’ was also
defined as “the greenhouse gas produced by activities of an organisa-
tion measured in units of CO,.”'%%. Thus, the carbon footprint is an
objective measure of the greenhouse gas emissions “emitted into the
atmosphere by anindividual, organisation, process, product, or event”
measured in CO,, (refs.>*%). However, the carbon footprint measure-
ment is not limited to quantification of greenhouse gases. Life-cycle
assessments are part of this complex process because both the prod-
uct and its production and disposal have an environmental effect'.
Life-cycle assessmentsintegrate 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 various sectors on the environment
and identifying measures that can mitigate this impact (Box 1).

Health-care carbon footprint

Impact of the health-care sector on global carbon footprint
Climate change substantially affects public health and constitutes abar-
rier to health promotion. However, in the past few years, attention has
been drawn to the effect of the health-care sector on climate change.
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Globally, the health-care sector was responsible for 4.6% of global
greenhouse gas emissions in 2017 (ref.'°). However, the figures might
be higher per territory. For example, the health-care sector in the UK
accounts for approximately 6% of the country’s total CO,, emissions®;
Australia’s health-care contributionis 7%; the health-care sector of the
USA represents nearly 10% of the country’s total CO,, emissions®**,
Importantly, these estimates are not yet available for many territo-
ries, and the figures are getting higher. In the USA, for example, green-
house gas emissions have increased by more than 30% over the past
decade compared with the the country’s previous emissions™.

The sources of these emissions can be directly related to health-
careactivities, representing 17% of the sector’s worldwide carbon foot-
print; toindirect emissions related to energy consumption (electricity,
temperature conditioning and power), representing approximately
12% of the health-care sector’s footprint; and to the health-care chain
supply (energy, transport, use and disposal of materials), represent-
ing approximately 71% of the total emissions worldwide*****, 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
inthe USA’>**, Unsurprisingly, although operating theatres represent
asmallareainthe hospital, 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
inthe health-care sector®. For example, one surgical procedure gener-
ates the same amount of waste as a family of four weekly in the USA*. In
addition, most operating theatres are ready to serve 24 haday, 7 days
per week. Maintaining this activity level requires lighting, heating,
ventilation and strict air conditioning settings'. These requirements
account for up to 40% of global health-care 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 transfer of the patient and staff to the
hospital. In England, this journey occurs by public transportin only a
minority of cases and accounts for up to 18% of the CO,, health-care
emissions’,

Before surgery, the patient usually needs to undergo a diagnos-
tic work-up for which the carbon footprint is often substantial. For
example, if a patient needs CT, the environmental footprint will be
10.2-15.8 kg CO,, per patient™. By contrast, the carbon footprint for MRI
is 22.4 kg CO,, per patient*’. Finally, endoscopies are procedures with
considerable environmental effects owing to waste generation, account-
ing for approximately 3.09 kg of waste per bed per day, whichis equiva-
lent to3 kg CO,, (ref.*"). Inaddition, the use of disposable equipment, the
decontamination process of reusable scopes and patient travel should
be added to the endoscopic environmental burden* (Fig. 2).

During the surgical procedure

After the diagnostic work-up, the patient arrives at the operating thea-
tre, and anaesthesia is the first vector for analysis. The current data
show that an anaesthetic plan can considerably affect the environ-
ment. Inhaled anaesthetic agents are mainly expired and are released

directly into the atmosphere. These gases (sevoflurane, isoflurane and
desflurane) are potent greenhouse gases'>****, A study that compared
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 sevoflurane. Furthermore, 80% of all vola-
tile anaesthetic pollution results from desflurane®*. Importantly,
propofol had the lowest carbon footprint. Regarding global warming
potential, desflurane has a global warming potential of 2,540 (that is,
1g of desflurane has the same global warming potential as 2,540 g of
CO,), sevoflurane 130 and isoflurane 510 (ref.”).

Surgical hand disinfection traditionally requires 18.5 | of water*®.
Current guidelines recommend using water with antisepticin the first
operating theatre procedure and alcohol gel in subsequent proce-
dures*. Adopting these recommendations could save water and reduce
costs*®. After hand disinfection, one must consider surgical linens such
asgowns, drapes and table covers. Despite the availability of reusable
ones, disposables (single-use) are more commonly used worldwide®.

Finally, for the surgery itself, surgical packs of sterile instruments
are frequently opened before surgery begins®. Eighty per cent of sur-
gical solid waste is generated before the patient enters the operating
theatre, and most of this waste is associated with packaging® 2. Thereis
alack of robust evidence on how much waste could be avoided if sterile
pack openings were delayed until the start of surgery. The introduc-
tion of minimally invasive surgery over the past 20 years has brought
undeniable benefits to patients®’. However, this type of surgery involves
more single-use instruments (disposables)**, mistakenly viewed as
amore economical choice, and all hidden costs (for example, disposal,
loss of resources when a not-needed device is opened, maintaining a
high-volume inventory) are often skipped®*. Infection control is one
ofthe premises used tojustify use of single-use instruments. However,
the data show that the infection rates are comparable to those with

Box 1

Definitions and nomenclature
commonly used to characterize
climate change and measure

its impact

e Greenhouse gas: gaseous constituents in the atmosphere that
absorb and emit radiant energy within the thermal infrared range

e Carbon dioxide equivalent (CO,.): a standard metric used to
compare the emissions from various greenhouse gases based
on their global warming potential over a specified timescale
to express a carbon footprint

e Carbon footprint: an objective measure of the quantity of
greenhouse gas emissions emitted into the atmosphere by an
individual, organization, process, product or event measured
in CO,,

o Life-cycle assessments: methodological and detailed ways to
assess the financial cost and environmental impact of a product
from its production until its disposal
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Health-care effects on the environment

Fig.1|Health-careimpact on the environment.
Health-care directly contributes to climate change.
This contribution comes from various vectors.
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reusable instruments>>. In a study with 100 patients submitted to
appendectomy usingreusable or single-use instruments, the infection
rates were similar (2% in each group; P=0.536)*.Inaddition, whenthe
environmental effects and costs are accounted for, the negative effect
of single-use instruments on the environment is evident™”’. Notably, a
multicentre auditinthe UK concluded that 40% of the waste generated
in operating theatres was potentially recyclable’®, However, operating
theatre recyclingis not largely applied®’.

Studies have broadly examined minimally invasive surgery. Lapa-
roscopic and robotic approaches are associated with higher carbon
footprints than the open approach. Woods et al.®° concluded that an
abdominal hysterectomy performed using an open approach (lapa-
rotomy) accounted for 22.7 kg CO,.. In comparison, the laparoscopic
androbotic procedures were responsible for 29.2 kg CO,.and 40.3 kg
CO,,, respectively (Table 1). Notably, data on the effect of different
surgical approaches are scarce and limited by not considering all sur-
gical pathways®* % Evaluating surgical procedures without assessing
inpatient days and patient outcomes is reductive fromthe clinical and
environmental perspectives.

Sustainable surgery

Sustainability applied to health systemsis defined by the WHO as a pro-
cess to “improve, maintain, or restore health while minimizing negative
effects on the environment™* %, As health professionals workingina
high-impactfield, surgeons should be proactive and openly promote
sustainable surgery. Guidance on this pathway was disclosed in 2012
by Kagoma et al.’, focusing on the 5R principles of waste management
(reduce, reuse, recycle, rethink and research) to outline solutions to
decrease the waste generated in operating theatres’. However, in addi-
tion to solutions to decrease waste generation, these principles can
be broadly applied as future strategies for more sustainable surgical

practice (Fig. 3). The authors of this Perspective believe that the pro-
posed framework to mitigate the environmental effects of surgery
could be translated to other fields.

Reduce

Thereduction principle canbe 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 subcategory” and then “the estimated
surgical frequency for each disease subcategory to condition preva-
lence datafor each global region” was applied®®. Thus, health promo-
tion to reverse these statistics should be the first priority®. Health
promotionisaglobal responsibility thatinvolves patients, caregivers,
health professionals and governments. Reducing the disease burden
through healthy behaviour could reduce disease-related health-care
requirements and surgical demand.

Addressing waste generation in operating theatres could fur-
ther reduce the surgical carbon footprint. Correct segregation pro-
cess, recycling® and reformulating prepackaged surgical kits and
instrument boxes (by removing inessential items and plastic compo-
nents)®’ could serve this purpose. A study in the USA on hand surgery
showed that these measures alone reduced 2.3 kg of waste and saved
US$10.64 per case®®. These principles could be further applied to
endoscopy units.

Water waste from hand disinfection has already been addressed.
Accordingto currentinternational guidelines, water consumption and
its direct environmental effect can be easily reduced***. 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 1year® and reduce costs by 67%.
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Finally, energy consumption should also be addressed. As previ-
ously mentioned, operating theatres are the most energy-intensive
sector in hospitals. However, operating theatres in northern America
areunoccupied up to40% of the time over a24 h period®. For example,
in Washington State, USA, a hospital reduced energy consumption
by 60% by decreasing ventilation output during inactive periods®°.

Reuse

Reusable surgical linens and instruments are considered to be envi-
ronmentally friendly. Preferring reusables will lead to less waste gen-
eration and reduce landfill and incineration costs. In addition, when
all processes are accounted for, from production to sterilization, the
reusable carbon footprint remains favourable compared with dispos-
able products”. For example, using reusable surgical devices (port
trocars and clip appliers) in laparoscopic cholecystectomy surgery
cansave approximately 122 kg of waste per case’’. Moreover, reusable
gowns could lead to a 70% final waste reduction. Currently, reusable
gowns are preferred by surgeons and operating theatre technicians,
but disposable ones are still broadly used’.

Thereprocessing of single-use devices is controversial. Health-care
personnel might think reprocessing single-use devices can be associ-
ated withanincreased infection rate, but this might not be correct®*”.
For example, a study of 590 patients that compared reprocessed ver-
sus original single-use endolaser probes in ophthalmological surgery
(215 versus 375 patients) showed noinfectionsin either group’. Inasimi-
lar study involving 733 patients submitted to gastrointestinal surgery
withoriginal and reprocessed advanced energy devices and gastrointes-
tinal staplers, there was no difference between the infectionratesin 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 steri-
lized, making their reuse safe’. Although reprocessingis not astandard
procedure and protocols might differ according to territory*®,in 2019,
the FDA and the European Commission developed regulations to con-
trol in-hospital reprocessing”’. Moreover, outsourcing of commercial

reprocessing that complies with these regulations is emerging. Accord-
ing to the Association of Medical Device Reprocessors, 5,438,254 kg
of medical waste was diverted from incinerators worldwide through
remanufacturedsingle-use devicesin 2020 (ref.”®). Reuse throughrepro-
cessing and remanufacturing is expanding and offers environmental
and financial benefits. For example, the authorities in the USA support
reprocessing under approved conditions. However, reprocessingis not
astandard procedure, and protocols differ according to country®*>7°,
Thus, awareness and support from the medical device industry are
crucial for the broader implementation of this practice®*.

Recycle

InEngland, 80% of operating theatre waste is generated preoperatively,
90%is misallocated and 40% is potentially recyclable. Thus, implement-
ing and disseminating the recycling process in the operating theatre
and beyond is crucial®*¢*%,

However, recycling in the health-care setting presents several
challenges. Educating operating theatre staff on waste handling and
strictinfection control rules will help to overcome the fear of contami-
nation®*®'. A cohort study that evaluated the waste generated by 237
operations concluded thatrecyclingis not associated with additional
costs and has several advantages if the practice is globally expanded®.

Rethink

Sustainability should be a part of health-care professionals’ practice.
Patient health and outcomes will always be the main focus. However,
the consequences of climate change on current and future generations
mustnotbeignored, and strategies to address thisissue should notbe
delayed. Rethinking entails selecting the most sustainable choice to
treat patients without causing any harm. For example, the American
Society of Anaesthesiologists Task Force on the Environment recom-
mended using regional and total intravenous anaesthesia as the most
sustainable option (instead of high-impactinhaled anaesthetics such
as desflurane and sevoflurane) when clinically appropriate**.

Surgical carbon footprint
\

Fig. 2| Surgical carbon footprint. Surgical
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40% of ‘surgical emissions’; operating theatre energy
and temperature conditioning; disposable surgical
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Table 1| Environmental burden of the various processes during the surgical pathway

Study Method

Aim

Speciality

Environmental effect
measure

Outcome

Esmaeili et al.
(2015)*°

Multicentre,
retrospective
cohort study

“Provide quantitative information
to radiologists so that they can
be involved in making energy
improvements while maintaining
quality patient care.”

Radiology — CT

Life-cycle assessment
(energy and
consumables),

kg CO,,

CT 5.1-7.3kg CO,,

Esmaeili et al. Multicentre,

“Provide a detailed accounting of

Radiology — MRI

Life-cycle assessment

MRI 22.54kg CO,.

(2018)*° retrospective energy and materials consumed (energy and
cohort study during magnetic resonance consumables),
imaging (MRI).” kg CO,,
Woods et al. Single-centre,  “Our research intends to quantify the ~ Gynaecology — hysterectomy Waste and energy, Robotics 40.3kg CO,,
(2015)*° retrospective  carbon footprint of the procedures (robotic; laparoscopic; kg COy Laparoscopic 29.2kg CO,,
cohort study based on their energy consumed and  open approach)
" Open 22.7kg CO,,
waste produced.
Thiel et al. Single-centre,  “To determine the carbon footprint Gynaecology — hysterectomy Hybrid environmental Laparoscopic hysterectomy
(2018) prospective of various sustainability interventions  (laparoscopic approach) life-cycle assessment, 562kg CO,,
cohort study used for laparoscopic hysterectomy.” kg CO,,
Rizan and Single centre “Compare the environmental and General surgery; Life-cycle assessment  Hybrid: 1,756 kg CO,,
Bhutta (2022)*' financial life cycle cost of currently cholecystectomy of the single-use Single-use: 7194kg CO,,

available hybrid instruments for
laparoscopic cholecystectomy
and compare these to single-use
equivalents.”

and non-single-use
(hybrid), kg CO,,

Vaccari et al.
(2018)"

Single-centre,
prospective,
cohort study

“Understand the nature of the
relationship between generation
patterns hazardous health-care

All specialities (anaesthetics,
paediatric; ICU; digestive
endoscopy)

Amount of hazardous
waste, kg

Anaesthetics 5.96 kg per day
per bed

ICU 3.37kg per day per bed

waste and the associated costs.”

Digestive endoscopy
3.09kg per day per bed

A summary of articles that measured the environmental effect of diagnostic modalities (CT, MRI and digestive endoscopy), surgical procedures (hysterectomy and cholecystectomy) and
surgical approaches (open, laparoscopic and robotic). CO,,, carbon dioxide equivalent; ICU, intensive care unit.

The severe acute respiratory syndrome coronavirus 2 pandemic
forced us to rethink how we practise medicine. Telemedicine has
emerged as anadequate solution thatis appropriate for professionals
and patients for the follow-up of chronic conditions®*"®. This emer-
gency and contingency solution can be maintained in the future when
appropriate, as telemedicine reduces patient travel and vehicle emis-
sions. Also, some applications could work with telemedicine, allowing
patients toremotely monitor their health status, reducing pressure on
oversaturated health systems®, Furthermore, technology might be
applied totraining 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 and avoids unnecessary travel.

In addition, the medical device industry should be part of this
rethinking process. Single-use devices are more profitable for medical
companies than reusable ones’®. For example, in a laparoscopic chole-
cystectomy study of 1,803 surgeries, the costs of disposables (including
trocars, ports and clip applicators) were found to be 6.4 times higher
than reusables’. 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.

The carbon cost of various treatment options for the same disease
will also probably need to be equated in the future. Two multicentre
studies®* on GERD surgery (288 patients) compared with medical
therapy (266 patients) were carried out. The first multicentre study
focused on clinical outcomes: for up to 3 years, 90% of the patients in

thesurgical arm remained inremission compared with 93% in the medi-
calarm (P=0.25)*. Inthe second study, Gatenby®° studied the carbon
footprint of the two approaches. The surgical arm was more sustainable
than the medical arm (30 kg CO, versus 100 kg CO, per year, respec-
tively). Although these estimates pointed out methodological flaws,
because the dataused were collected from alarge 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 measurementis necessary to reduce the surgi-
cal carbon footprint adequately. Scales to standardize carbon foot-
print measurement have been developed, such as the Spark2 (ref.”")
for the broad surgical process or those described by Misrai et al.” for
the evaluation of disposable minimally invasive surgical devices®>”".
Technology that will allow for global implementation of these scales
isunder development, and this will warrant a systematic measurement
and identify health-care sectors in which sustainable intervention is
necessary (Open Medical). 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 (Loopcycle).

Research

Climate change and health have attracted the attention of scientistsin
the past few years, and novel data on the environment and health are
beingissued daily. However, only 9.2% of the available literature focuses
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onthe environmental effects of the health-care sector on health”, and
this topic has not received the attention it deserves from researchers’”.
For example, endoscopy is an important diagnostic procedure for
many surgical patients. Although there has been anincreased focus on
sustainable surgery, research on more sustainable endoscopy practices
isstillin the early stages of development.

Gastroenterologists and surgeons are leaders in wards, endoscopy
units, operating theatres and scientific research. There have been excel-
lentexamples 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 mustbe arealinvestmentin quality research to achieve this.
Although the motivation of practitioners and researchers is crucial,
the support of national and international entities is needed to address
thisissue adequately. Environmental choices are typically economical,
and promoting more sustainable surgical practice would advocate
environmental protection and financial savings. This financial benefit
isastrongargument, and further high-quality research to demonstrate
this premise is required.

Re-educate

The authors of this Perspective consider the lack of awareness and
education onsustainability insurgery as areality. The surgical carbon
footprint has been demonstrated?, and guidance on possible solutions
to address some of the carbon footprint drivers has been available
since 2012 (refs.>?>%7) However, sufficient real-world effort has not
been made.

A survey published in 2020 showed that 19% of ophthalmology
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
currentpractice’®. Inaddition, fewer than 20% had received education

orguidance 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 health
care. Forexample, the General Medical Council and Nursing Midwifery
Council require education and the clinical application of sustainable
methods’>'°. In addition, in the UK, guidance starts in universities
with lectures on sustainable health care for prospective doctors and
nurses'®.,

The ‘re-education process’ has already begun. Sustainability in sur-
gery is being promoted by multiple organizations worldwide created to
address thisissue. Also, European surgical societies such asthe European
Society of Coloproctology'®and the European Society of Gastrointesti-
nal Endoscopy'® are developing campaigns to address sustainability'*%.
However, more focus should be placed on sustainability during surgical
conferences, social media channels and medical and surgical training
to better educate current and future generations of surgeons.

Notably, accounting for clinical best practices and patient safety is
mandatoryinasustainable 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 recognize sustainability as an aim, and ‘doing
no harm’is starting to concern both patients and the environment®*'**,
In the available studies on this topic, implementing sustainable poli-
ciesinsurgery did not increase the risk of adverse events nor result in
suboptimal treatment outcomes®*'*>1%, Patients must also be integrated
into this novel approach to surgery”. Future studies on sustainability
in surgery should confirm the acceptability and safety of a ‘greener’
surgical path by evaluating patient-reported and surgical outcomes"".

Gastroenterology and hepatology

Gastrointestinal conditions

Inthe USA, gastrointestinal diseases are a source of substantial burden
and costs, and this burden is likely to continue increasing®®. Several
considerations explain why this field should be considered central

Sustainability surgical pathway areas for action

* Health care has a yearly production of 655 million tons of CO,_representing 8-10% of total (USA)
¢ Operating rooms generate 21-30% of hospital waste
e Operating rooms are 3 to 6 times more energy intensive than the rest of the hospital

Before admission At the hospital

e Transport
e Health promotion ¢ Energy

¢ Anaesthetic gas

After admission

¢ Disposables
* Waste

* In-person
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Fig.3 | Areas for action to make the surgical pathway more sustainable.
Before patient admission, health promotion measures and the use of sustainable
means of transport by patients, health-care professionals and products are
importantinterventions. At the hospital, using renewable energy sources and
optimizing electricity and cooling systems should be considered. During surgery,
avoiding anaesthetic gases and promoting intravenous and local anaesthesia can

have aremarkable effect. Additionally, reducing disposables and implementing
recycling would reduce waste production. Telemedicine represents a good
example of how technology can facilitate sustainability. Research and education
areimportant to evaluate theimpact of sustainable actions and can help to
continue this process across generations. CO,,, carbon dioxide equivalent.
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Box 2

Relevance of gastroenterology
and hepatology to sustainable
health-care practices

Priority
¢ Epidemiological relevance (gastro-oesophageal reflux disease;
functional disorders; gastrointestinal infections; chronic liver
disease; inflammatory bowel disease; 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 owing to waste generation,
disposable equipment, and energy and water consumption

Sustainable applications

e Disease prevention (vaccination, policies to counteract alcohol
abuse and healthy lifestyle advocation)

o Use of lower effect and more widely accessible medications
that are safe and effective (for example, biosimilars)

e Reduce unnecessary patient travelling (subcutaneous
alternatives to intravenous medication; teleconsultation)

e ‘5Rs plus one’ interventions in endoscopy units and
gastroenterology departments

Ethics
e Reuse through reprocessing and remanufacturing (regulation
development and advice from the medical device industry)
e Ensure acceptability and safety of sustainable choices through
outcome measures (patient-reported; productivity estimates)

to —and should likely lead to —a change in practice towards a sustain-
able approach (Box 2). The prevalence of these conditions is one of the
most important aspects, and the associated need for invasive treat-
ment, such as appendectomy, which isamong the most common pro-
cedures performed globally, with increasing figures over the past few
years'”. Screening and treatment for cancers of the digestive system
represent another major determinant. According to the International
Agency for Research on Cancer of WHO, in 2020, approximately 31,179
million people had had cancer of the stomach, colon and rectum, or
liver and intrahepatic bile ducts. Figures on these specific cancers are
expected to increase 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 globallyin men
in 2010, gastrointestinal tract cancers (oesophagus, stomach, colon,
rectumand anus, liver, gallbladder and pancreas) were by far the first if
taken all together (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 endo-
scopic interventions for such conditions, often involving minimally
invasive approaches and single-use consumables. Unprecedented
adoption of minimally invasive surgery has been recorded during the

past decade for treating gastrointestinal diseases"’, which seems to

have surpassed the rates of opensurgery between 2012 and 2018 in the
USA, and the associated implications for the environment can easily be
inferred. Thus, itbecomes apparent that treatment of gastrointestinal
diseases is a major player in determining the sustainability of health
care — and at the same time, this sector represents an opportunity
to drive the development and implementation of novel strategies to
protect the environment (Box 2).

Digestive endoscopy principles

It has been estimated that between 11 and 15 million colonoscopies
and 6 and 7 million upper gastrointestinal endoscopies are performed
in1year in the USA alone®. 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 sub-
stantial***""', However, most endoscopy environmental effect drivers
overlap the surgical ones, and these areas share solutions and barriers
to mitigate climate change effects. Haddock et al."? emphasized the
importance of energy and water use, waste generation and handling,
minimization of packaging and education of the staff on sustainable
activities such as recycling and reducing unnecessary resource use.
This Perspective promotes application of the ‘reduce, reuse and recycle’
principles but acknowledges that funding benchmarking research and
education are important efforts towards sustainability"”. Thus, the
previously presented solutions (5Rs plus 1) apply to the daily practice
of endoscopy (Box 2).

Moreover, Siddhi et al."* highlighted that the challenges to achiev-
ing environmentally sustainable endoscopic practice range from
standardized and reproducible carbon footprint measurement to
transforming industrial, governmental and public health policies. The
same multidisciplinary approach needs tobeimplementedinsurgery
and other health-care sectors to mitigate the climate change burden.
Lastly, some endoscopy-specific factors should be considered — the
first concerns endoscope reuse, which is currently a source of major
debate™. Reprocessing entails costs, but manufacturing, assembly
and transportation might result inahigher environmental burden. Sec-
ondly, faecalimmunohistochemical testing could be asustainable strat-
egy to triage patients for the risk of harbouring colorectal cancer and
potentially be used to prioritize endoscopic procedures™. However,
further research and cut-offlevel adjustment might be needed™.

Sustainability of invasive procedures

Disease prevention and prompt treatment are of utmostimportance
in addressing the indirect environmental burden of diseases. Fur-
thermore, climate change can negatively affect the gastrointestinal
tract and its function. The incidence of gastrointestinal infectious
disease parallels global warming"¢, and GERD-related medical care
utilization increases in air-polluted environments (defined accord-
ing to carbon monoxide and particulate matter with a diameter of
<2.5 um)"”. However, ifthese are relatable associations, other correla-
tions might not be straightforward, such as those linking functional
gastrointestinal diseases to climate change" and inflammatory bowel
disease (IBD) to aeroallergens and air pollution"®. Itis very difficult to
tackle environmental challenges beyond clinicians’ practice. Clean
energy promotion towards afossil-free recovery and recognizing the
importance of biodiversity preservation are some of the measuresin
the COP 26 special report by WHO, focusing on “the health argument
for climate action”’. However, there are potential paths for health
professionals and health-care administrations regarding diseases
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Box 3

Common barriers to adopting a
sustainable approach that apply
to health care

e 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 shorter-term
cycles

e Institution, regulatory and legislative — conflicting interests

¢ Information and knowledge — lack of global awareness and
advice

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

e Technology and infrastructure

e Physical and human context — adaptive capacity limited
by human resources

such asIBD that might resultin more sustainable practices compared
with current practices.

For example, biosimilars are bending the cost curve'”® and might
represent wider global access to therapy for IBD and patients with can-
certhancurrently. The wider availability of these therapies might allow
reduction in the disease burden, which is a sustainable measure as it
promotes health. Also, the emergence of subcutaneous alternatives
to the conventional formulations of biologic agents for IBD reduces
unnecessary patient travelling and hospital burden because patients
canadminister these therapies at home'”. IBD and other chronic gastro-
intestinal disorders mightlead toiron deficiency anaemia. Comorbid
anaemiais animportant predictor of increased risk of hospitalization
and patient mortality. There is evidence regarding the use of ferric
carboxymaltose as the most sustainable intravenous iron preparation
owingto the lower number of infusions needed, this reducing hospital
burden and costs related to individual patient management'*.

Another example is patients with chronic liver diseases, who are
high need and high cost. Governmental health agencies shouldimple-
ment policies to prevent hepatitis transmission, counteract alcohol
abuse and encourage lifestyles that prevent obesity and metabolic
syndrome'?, 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 allnewborns
and individuals in high-risk groups, could profoundly affect not only
reduction of the hepatocellular carcinoma burden worldwide but
alsoreduction of disease vulnerability inlow and lower-middle-income
countries. As stated by WHO, “until everyone is safe, no one is safe”""’.

120

Barriers to sustainable health care

Variousbarriers (‘roadblocks’ that prevent the adoption of strategies to
reduce climate change) have been reported and categorized through-
outthe past fewyears'?*. However, these barriers are not hurdles specific
to health systems. Various contexts, such as health care, households,

citiesand agriculture, will share barriers that hold back climate change
mitigation; these are all relevant when developing sustainable medical
and surgical practice. For example, barriers faced by cities that aim to
reduce greenhouse gas emissions and become more resilient to face
the effects of climate change (for example, “access to funding is the
single biggest obstacle to cities delivering greater climate action”)
are similar to the barriers faced by health systems (for example, “the
financial environment of health-care conflicts with climate change
mitigation”)'” (Box 3).

Health systems operate in a constrained context that aims for
optimal clinical care delivery, and sustainability considerations are
seldom made'’. Nevertheless, there is evidence that initiatives to pro-
mote sustainable development are being made. However, health-care
system transformations to address climate deterioration will require
paradigm shifts in health-care aims and practices'”, and changing
behaviours is challenging. This necessity suggests the importance of
an additional principle to the 5Rs rule because re-education can be
apillarinfacilitating cultural change that should not be neglected.

Conclusion

Surgery is the most energy-intensive sector, and achieving sustain-
ability in surgery is an emerging strategy for decreasing the carbon
footprint of the health-care system (see Box 4). However, environ-
mental costs associated with surgical care are often overlooked, and
thisissue has been largely ignored in the past but is gaining increased

Box 4

Key points on environmental

effects of surgical procedures
and strategies for sustainable
surgery

e Climate change dramatically threatens public health and
the health-care sector.

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

o Gastrointestinal diseases are among the most common
conditions requiring invasive diagnostic and therapeutic
procedures globally.

e Sustainable gastroenterology and endoscopy practices are
stillin the early stages of development.

e The ‘5Rs plus 1’ principle (reduce, reuse, recycle, rethink,
research and re-educate) can be used as a template for more
sustainable surgical practice. It can be easily applied to other
health-care fields.

e Sustainability in surgery encompasses a surgical pathway
that aims to achieve the best outcomes for patients in an
environmentally friendly way.

e The impact of the health-care sector should be addressed from
a multidisciplinary perspective, including health professionals,
patients, companies, health-care managers and governments.
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recognition. Therefore, it is vital to undertake high-quality research
to demonstrate that promoting more sustainable surgical practice
protects the environment and results in financial savings that would
serve political interests. Specific areas for further investigationinclude
the environmental burden of various surgical approaches, the imple-
mentation of operating theatre recycling, the promotion of reusa-
bles, advocacy for sustainable anaesthetic options, the environmental
gainsassociated 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 sys-
tems goes beyond surgical practice. Indeed, endoscopy, gastroen-
terology and hepatology are versatile areas in which sustainability
interventions are also pertinent. The framework presented here to
mitigate the effects of surgery canbe easily transferred to other depart-
ments and healthservices. The insights provided in astepwise manner
can be applied to surgical departments and beyond (hospitals and
health services) withina multidisciplinary perspective, leading to the
implementation of climate change mitigation efforts.

Published online: 8 December 2022
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