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Carbon footprint of 
gastroenterology practice
Heiko Pohl,1 Robin Baddeley    ,2,3 Bu’Hussain Hayee    3

The healthcare sector is a major contrib-
utor to greenhouse gas (GHG) emissions,1 
contributing to global warming and 
thereby to the harm of current and future 
generations. It is therefore a moral obliga-
tion for us as physicians to reduce the 
environmental impact of our practice.

The GHG Protocol classifies emissions 
into three ‘scopes’ (figure 1). Scope 1 
includes all direct emissions, for instance 
the burning of fuel, or release of anaes-
thetic gases within a hospital. Scope 2 
(indirect) emissions are generated from 
producing electricity. Scope 3 emissions 
are mostly generated in the supply chain 
and represent the majority of emissions 
in healthcare, accounting for 70%–80% 
of the total.1 Specialties that require high- 
volume consumable equipment, supplies 
and frequent deliveries are therefore a 
major contributor to the carbon footprint 
of healthcare.

CARBON FOOTPRINT OF NON-
PROCEDURAL GASTROENTEROLOGY
As in any field of medicine, gastro-
enterology (including endoscopy and 
hepatology) contributes to GHG emis-
sions during each component of care: 
performing diagnostic tests, outpatient 
visits, use of medication and performing 
procedures, all of which include patient 
and staff travel. Administrative services are 
required to organise and reimburse care. 
Clinical care requires infrastructure, elec-
tricity, heating, ventilation and air condi-
tioning. Finally, we pursue educational 
and research activities including national 
and international professional conferences 
or smaller group meetings.

Laboratory tests
Several studies have examined the carbon 
footprint of performing laboratory 
tests. The carbon footprint of pathology 

biopsies is 0.29 kg CO2 equivalent (CO2e) 
per container.2 Notably, one grown tree 
absorbs approximately 20 kg CO2e per 
year3; therefore, 1 tree would need to 
absorb CO2 for 1 year to offset the carbon 
footprint of 70 biopsies! In practical 
terms, considering how we might reduce 
this footprint, a relative comparison is 
valuable. For instance, putting three biop-
sies into one jar would reduce emissions 
by 67% compared with three biopsies into 
three jars (incurred by supplies, chemicals 
and reagents required for processing). 
An average blood test generates a third 
of a biopsy, approximately 0.1 kg CO2e. 
Therefore, it becomes easy to visualise the 
multiplier effect.

Imaging
Among imaging modalities, 1 MRI gener-
ates approximately 20 kg CO2e, 3 times 
more than a CT scan (7 kg CO2e), and 
20 times more than an ultrasound (1 kg 
CO2e).4 5 These considerable differences 
highlight the potential for environmental 
savings by choosing the appropriate test 
for the patient (eg, for hepatocellular 
carcinoma (HCC) screening, evaluating 
pancreas pathology, or assessment of 
disease activity in inflammatory bowel 
disease).

Medications
It has been estimated that 1 g of a medi-
cation has a 3- fold to 300- fold greater 
carbon emission than 1 g of petroleum 
oil.6 However, estimating the carbon foot-
print of medications is challenging because 
of varying environmental impact during 
their development. Cost is therefore typi-
cally used as a surrogate and converted 
to an emission value; yet cost also varies 
by country and changes over time.7 The 
carbon footprint can range from 0.1 kg 
CO2e for one tablet of omeprazole 
(comparable to a blood test) to 240 kg 
CO2e (comparable to a major surgery) for 
one dose of adalimumab (calculated based 
on price in the UK and USA).8

Telemedicine
The COVID- 19 pandemic led to the 
adoption of telemedicine as a major part 
of daily gastrointestinal (GI) practice. 
Several studies have shown that virtual 

visits typically reduce carbon emissions by 
40%–70%, while maintaining high quality 
of care.9–11 Telemedicine reduces the 
carbon footprint due to reduced travel, 
but perhaps also because of reduced 
unnecessary testing. In addition, it may 
improve access to care for patients who 
live remotely or are less able to afford a 
visit in person. However, environmental 
impact analyses have not always accounted 
for the broader infrastructure required to 
support digitisation, the energy require-
ments of servers and the impact of remote 
consultation on downstream resource 
use.12

CARBON FOOTPRINT OF GI 
ENDOSCOPY
Published audits have focused attention on 
the significant waste generation in endos-
copy, and demonstrated the potential for 
waste mass to increase by 40% were a 
single- use endoscope model adopted.13 14 
More comprehensive and sophisticated 
methodologies, using carbon footprinting 
and life cycle assessment (LCA), are 
beginning to quantify emissions more 
accurately.

One LCA estimated that the produc-
tion, transport, use and reprocessing of a 
reusable duodenoscope generates 1.53 kg 
CO2e.15 In this model, a single- use duode-
noscope would generate up to 47- fold 
more GHG emissions, with >90% of 
these emissions generated during the 
manufacturing process of the single- use 
endoscope. The study used approxi-
mated data to estimate emissions related 
to production of the endoscope, and the 
assessment also accounted for the elec-
tricity and detergents required during 
high- level disinfection. However, these 
headline figures do not reflect other 
important sources of emissions such as 
patient and staff travel, hospital building 
energy, and the production, shipping and 
disposal of consumables.

Inclusion of the procedural pathway in 
analysis gives a different insight. A French 
ambulatory endoscopy unit estimated 
GHG emissions of 28 kg CO2e per endo-
scopic procedure, with travel (patients 
and staff) being the biggest contributor, 
responsible for 45% of the unit’s footprint 
(74% of patients travelled to the centre by 
car).16 The production of equipment such 
as wash disinfectors and endoscopes was 
responsible for a third of the emissions, 
although cost was used as a surrogate for 
the production of the equipment, given 
the absence of specific emission factors. 
By contrast, a group reporting a process- 
based analysis found emissions from the 
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production of a reusable endoscope to 
be very small when averaged over its life-
time.17 Energy represented only 12% of 
the French centre’s emissions (in part, a 
reflection of France’s high nuclear frac-
tion in their energy mix and the relative 
efficiency of a dedicated ambulatory unit).

A study from a medium- sized endos-
copy unit in Germany reported a proce-
dural carbon footprint of only 8 kg CO2e 
per endoscopy at their centre.18 However, 
this assessment did not include emissions 

originating from patient and staff travel 
or the production of capital equipment, 
such as endoscopes. Had the German 
unit not used 100% renewable energy, 
GHG emissions from endoscopy would 
have increased by>30%. An Italian study 
reports an even smaller procedural foot-
print (5.43 kg CO2e for an OGD and 
6.41 kg CO2e for a colonoscopy), but the 
authors sought to highlight the carbon 
burden generated by unnecessary endo-
scopic procedures.19

A Spanish group have used thermo-
chemical analysis to determine the mate-
rial composition of endoscopic forceps, 
snares and haemoclips.20 This material 
composition data enabled the study team 
to conduct a process- based LCA, reporting 
GHG emissions of 0.31–0.57 kg CO2e per 
accessory. The authors proposed a ‘Green 
Mark’ technique which aims to safely 
reduce the mass of product requiring 
high temperature incineration after 
use. However, while the prioritisation 

Figure 1 Greenhouse gas protocol scopes, in the context of the United Kingdom’s National Health Service’s carbon footprint. ‘NHS Carbon Footprint 
Plus’ includes scopes 1, 2 and 3, as well as the emissions from patient and visitor travel to and from NHS services, and medicines used within the 
home. CH4, methane; N2O, nitrous oxide; SF6, sulphur hexafluoride; CO2, carbon dioxide; CFCs, chloroflurocarbons; PFCs, perflurocarbons; HFCs, 
hydroflurocarbons; GHGP, Greenhouse Gas Protocol. Figure as displayed in ‘Delivering a Net Zero National Health Service’, published October 2020 
(reprinted with permission).
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of environmentally considerate waste 
disposal practices features frequently in 
clinicians’ sustainability initiatives, unit- 
level studies in endoscopy and other 
healthcare settings often find waste 
handling to be a minor (< 5%) contrib-
utor to the overall carbon footprint.1 21

In an attempt to assist endoscopy units to 
consider their environmental impact, both 
the British Society of Gastroenterology 
and the European Society for Gastrointes-
tinal Endoscopy have produced consensus 
statements on the subject, covering most 
aspects of clinical practice in and outside 
the procedure room, including decon-
tamination and water usage.22 23 These 
documents provide those working in 
endoscopy with practical steps to reduce 
a department’s environmental footprint.

LOWERING THE CARBON FOOTPRINT IN 
GASTROENTEROLOGY CARE
At the centre of clinical practice, it is us 
as healthcare professionals who order 
tests, recommend treatment and decide 
how we engage with patients (virtual or 
in person) (figure 2). With each decision, 
we have an opportunity to lessen the envi-
ronmental impact of our practice, all the 
while striving for high quality and acces-
sible care. We suggest a few key principles:
1. Avoid the test, procedure or medica-

tion that is not needed or is of low val-
ue. Overdiagnosis and overtreatment 
has been well documented, with 20%–
50% of tests not being indicated.24 
Examples include premature surveil-
lance colonoscopy, repeat gastroscopy 

for non- specific symptoms (eg, dys-
pepsia), frequent repeat imaging of 
small pancreatic cysts, oesophageal pH 
measurement for typical reflux symp-
toms responsive to acid suppression, 
and unnecessary escalation or prolon-
gation of acid suppressive medications.

2. Consider an alternative test or treat-
ment of comparable quality, yet less 
environmentally impactful. Examples 
include: ultrasound instead of an MRI 
for HCC screening, assessing disease 
activity in inflammatory bowel dis-
ease with ultrasound and calprotectin 
instead of a colonoscopy, or use of a 
non- invasive H. pylori test instead of 
an upper endoscopy.

3. Green planning. Think ahead and opti-
mise use of supplies. Avoid instruments 

Figure 2 Sources of emissions generated in the provision of gastroenterology care, and opportunities to embed sustainable solutions. HVAC, 
heating, ventilation and air conditioning.
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that may not be needed (eg, snare for 
all polyp resections, rather than a bi-
opsy forceps). Reuse instruments and 
recycle per local guidance. Consider 
virtual visits for patients that require a 
follow- up check.

A growing number of structured efforts 
seek to objectively quantify the environ-
mental impact of healthcare interventions. 
But we are in the foothills of under-
standing the nature and scale of these 
impacts. Findings from published studies 
vary, and the data on which estimates 
are based are dynamic. Notwithstanding 
robust data to support complex change, 
we can advocate for the use of renewable 
energy sources, support strategies to opti-
mise departmental energy consumption 
and favour the procurement of sustainably 
produced supplies.

Twitter Bu’Hussain Hayee @DrBuHayee

Contributors All authors were involved in the 
conceptualisation and writing of the manuscript.

Funding The authors have not declared a specific 
grant for this research from any funding agency in the 
public, commercial or not- for- profit sectors.

Competing interests HP: research grants from Steris 
and Cosmo, consultant for InterVenn. RB: research 
grant from Boston Scientific. BH: consulting for Apollo 
Endosurgery.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; 
internally peer reviewed.

© Author(s) (or their employer(s)) 2023. No commercial 
re- use. See rights and permissions. Published by BMJ.

To cite Pohl H, Baddeley R, Hayee B. Gut Epub ahead 
of print: [please include Day Month Year]. doi:10.1136/
gutjnl-2023-331230

Received 3 October 2023
Accepted 3 October 2023

Gut 2023;0:1–4.
doi:10.1136/gutjnl-2023-331230

ORCID iDs
Robin Baddeley http://orcid.org/0000-0001-5604-246X
Bu’Hussain Hayee http://orcid.org/0000-0003-1670- 
8815

REFERENCES
 1 Health Care’s Climate Footprint. Health care without 

harm. 2019. Available: https://noharm-global.org/sites/ 
default/files/documents-files/5961/HealthCaresClima 
teFootprint_092319.pdf [Accessed 27 Aug 2021].

 2 Gordon IO, Sherman JD, Leapman M, et al. Life cycle 
greenhouse gas emissions of gastrointestinal biopsies 
in a surgical pathology laboratory. Am J Clin Pathol 
2021;156:540–9. 

 3 Department of Agriculture. The power of one tree - the 
very air we breathe. U.S. 2019. Available: https://www. 
usda.gov/media/blog/2015/03/17/power-one-tree- 
very-air-we-breathe [Accessed 29 Nov 2022].

 4 McAlister S, McGain F, Petersen M, et al. The carbon 
footprint of hospital diagnostic imaging in Australia. 
Lancet Reg Health West Pac 2022;24:100459. 

 5 Martin M, Mohnke A, Lewis GM, et al. Environmental 
impacts of abdominal imaging: A pilot investigation. J 
Am Coll Radiol 2018;15:1385–93. 

 6 Carbon footprint of the Austrian health sector. 
Institut Für Soziale Ökologie (SEC) Department 
Für Wirtschafts- und- Sozialwissenschaften (WISO) 
Universität Für Bodenkultur Wien (BOKU Wien). 2019. 
Available: https://www.klimafonds.gv.at/wp-content/ 
uploads/sites/16/B670168-ACRP9-HealthFootprint- 
KR16AC0K13225-EB.pdf [Accessed 7 Aug 2023].

 7 Yang Y, Ingwersen WW, Hawkins TR, et al. USEEIO: a 
new and transparent United States environmentally- 
extended input- output model. J Clean Prod 
2017;158:308–18. 

 8 Chua ALB, Amin R, Zhang J, et al. The environmental 
impact of Interventional radiology: An evaluation 
of greenhouse gas emissions from an academic 
interventional radiology practice. J Vasc Interv Radiol 
2021;32:907–15. 

 9 King J, Poo SX, El- Sayed A, et al. Towards NHS zero: 
greener gastroenterology and the impact of virtual 
clinics on carbon emissions and patient outcomes. A 
multisite, observational, cross- sectional study. Frontline 
Gastroenterol 2023;14:287–94. 

 10 Rodrigues B, Parsons N, Haridy J, et al. A nurse- 
led, telehealth- driven hepatitis C management 
initiative in regional Victoria: Cascade of 
care from referral to cure. J Telemed Telecare 
2021;1357633:1357633X211024108. 

 11 Holmner A, Ebi KL, Lazuardi L, et al. Carbon footprint 
of telemedicine solutions- unexplored opportunity for 
reducing carbon emissions in the health sector. PLoS 
One 2014;9:e105040. 

 12 Pickard Strange M, Booth A, Akiki M, et al. The role 
of virtual consulting in developing environmentally 
sustainable health care: Systematic literature review. J 
Med Internet Res 2023;25:e44823. 

 13 Vaccari M, Tudor T, Perteghella A. Costs associated 
with the management of waste from healthcare 
facilities: An analysis at national and site level. Waste 
Manag Res 2018;36:39–47. 

 14 Namburar S, von Renteln D, Damianos J, et al. 
Estimating the environmental impact of disposable 
endoscopic equipment and endoscopes. Gut 
2022;71:1326–31. 

 15 Le NNT, Hernandez LV, Vakil N, et al. Environmental 
and health outcomes of single- use versus reusable 
duodenoscopes. Gastrointest Endosc 2022;96:1002–8. 

 16 Lacroute J, Marcantoni J, Petitot S, et al. The carbon 
footprint of ambulatory gastrointestinal endoscopy. 
Endoscopy 2023;55:918–26. 

 17 López- Muñóz P, Martín- Cabezuelo R, Pons- Beltrán 
V, et al. Carbon footprint determination of single use 
endoscope. Endoscopy 2022;54:S162.

 18 Henniger D, Windsheimer M, Beck H, et al. Assessment 
of the yearly carbon emission of a gastrointestinal 
endoscopy unit. Gut 2023;72:1816–8. 

 19 Elli L, La Mura S, Rimondi A, et al. The carbon cost of 
inappropriate endoscopy. Gastrointest Endosc 2023. 

 20 López- Muñoz P, Martín- Cabezuelo R, Lorenzo- Zúñiga 
V, et al. Life cycle assessment of routinely used 
endoscopic instruments and simple intervention 
to reduce our environmental impact. Gut 
2023;72:1692–7. 

 21 Drew J, Christie SD, Tyedmers P, et al. Operating in 
a climate crisis: A state- of- the- science review of life 
cycle assessment within surgical and anesthetic care. 
Environ Health Perspect 2021;129:076001. 

 22 Sebastian S, Dhar A, Baddeley R, et al. Green 
Endoscopy: British Society of Gastroenterology 
(BSG), Joint Accreditation Group (JAG) and Centre 
for Sustainable Health (CSH) joint consensus on 
practical measures for environmental sustainability in 
endoscopy. Gut 2023;72:12–26. 

 23 Rodríguez de Santiago E, Dinis- Ribeiro M, Pohl 
H, et al. Reducing the environmental footprint of 
gastrointestinal Endoscopy: European Society of 
Gastrointestinal Endoscopy (ESGE) and European 
Society of Gastroenterology and Endoscopy nurses and 
Associates (ESGENA) position statement. Endoscopy 
2022;54:797–826. 

 24 Aronson JK. When I use a word too much 
healthcare—overdetection. BMJ 2022;378:1963. 

 on N
ovem

ber 18, 2023 by guest. Protected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2023-331230 on 16 N

ovem
ber 2023. D

ow
nloaded from

 


