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To reduce the carbon footprint of laparoscopic appendicectomy procedures by
1. streamlining the surgical process, reducing equipment consumption, and
2. exploring the Retractor for Abdominal Insufflation-less Surgery (RAIS) surgical device.

Process mapping identified key interventions including; A “Green” single equipment tray reducing instrument
use from 119 to 49 items per operation; Reusable surgical drapes and gowns, gallipots, kidney dishes; correct
waste triage; and
2. use of a RAIS device.

All interventions were tested in a real-time cadaveric study, with triple bottom line savings calculated.

An estimated 417.4kgCO2e reduction was achieved, 321kgCO2e of which were attributable to avoided
insufflator gas use. A conservative estimate of 50% applicability for the RAIS yields savings of 108.9 Tonnes CO2e
per year based on an average of 522 appendicectomies taking place in LTHT. Standard clinical and packaging
waste was reduced by 86% and 64% respectively. With 80% applicability, green equipment trays could reduce
sterilisation costs by £9,567 and 740kg CO2e annually for this single operation. While RAIS slightly increases
sterilisation requirements, this is offset substantially by reduced procurement cost. The cost of the device is
recuperated after fewer than 10 uses. Non-RAIS, immediately implementable equipment changes saved an
estimated 6.47kgCO2e per procedure. With 80% applicability, Trust savings of 2,702kgCO2e can be achieved.

We demonstrated the potential of interventions that can be applied both immediately into NHS
practice and additionally with innovative new surgical approaches like Gas Insufflation-less Laparoscopic
Surgery (GILLS), using the RAIS device, to enhance sustainable approaches in the global surgical community;
highlighting the potential to transfer resource-efficient processes into major financial and environmental
savings.
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After electricity and anaesthesia use, equipment consumption is the largest contributor to the
carbon footprint of surgery2. Laparoscopic surgery is a particularly resource-intensive procedure.
Most equipment is single use® >’

but unused &1°,

, whilst non-specific instrument trays are often opened as standard

Acute appendicitis has an incidence of 7-12% in the UK and appendicectomy remains the most
performed acute general surgical operation.', with 42,000 performed each year. A holistic review
of the laparoscopic appendicectomy process reveals many opportunities for improved efficiency
which could have a massive cumulative effect and significantly advance the NHS towards its net

zero commitments?13

. Indeed, by making a range of simple changes to existing processes,
protocols and sets, established cultural practices embedded within the system can be challenged

and improved to deliver real time sustainable change.

Considerations for sustainable surgery extend beyond the NHS. 17.7 million cases of appendicitis
occur globally per year!* but access to modern best practice surgical techniques in low and middle
income countries is limited®™ !, Gas Insufflation-less Laparoscopic Surgery (GILLS) has been
specifically designed to facilitate surgery in these environments with minimal equipment use?-,
GILLS doesn’t require energy-intensive insufflators, their supporting equipment or disposable

specialist instruments, thus reducing consumption substantially.

The Leeds Global Health Research Group have developed Retractor for Abdominal Insufflation-less
Surgery (RAIS), a new device aiming to accelerate provision of GILLS. Successful use of the RAIS
device would expand global surgical access and contribute significantly towards the UN Sustainable
Development Goals?®. With the impetus of carbon reduction, reverse innovations from these frugal

techniques have the potential to transfer these resource-efficient processes into our UK practice®®
26

To reduce the carbon footprint of the laparoscopic appendicectomy procedure through a holistic
approach

1. streamlining the surgical process and reducing equipment consumption

2. exploring the carbon savings available through use of the RAIS surgical device.

A multidisciplinary (MDT) approach

An MDT investigative team spanning surgical and medical engineering specialties provided the
holistic expertise necessary for this project. The project was coordinated through the Leeds Institute
of Emergency General Surgery (LIEGS), with support from the Leeds Teaching Hospitals NHS Trust
(LTHT) Sustainability Team and the NIHR MedTech Cooperative in Surgical Technologies, ensuring
appropriate representation to relevant stakeholders. Senior team members represent both the
NIHR Global Health Research Group in Surgical Technologies (NIHR-GHRG-ST), bringing expertise in
Global Surgery needs and innovations like the RAIS device for gasless laparoscopic surgery, and
general surgeons specialising in emergency surgical techniques.
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Process mapping

Each step of the laparoscopic appendicectomy procedure was mapped out through observation and
consultation with the surgical and theatre team. Pre-operative procedures (e.g., catheterisation)
and post-operative cleaning were included. Anaesthetic components were excluded as these were
beyond the remit of this project. Similarly, post-operative management was not considered, but
previous studies of gasless devices have demonstrated no additional analgesic requirements or

inpatient stay when compared with traditional laparoscopic methods?* 7.

Key opportunities were identified and changes implemented, including:

e A pre-operative bladder emptying checklist to eliminate unnecessary patient
catheterisation (in favour of able patients emptying their bladder pre-operatively).

e Asingle ‘Green Tray’ reduced use of 119 surgical instruments and multiple trays to 49 items
per case (excluding camera and light cable). This Green Tray was included in team brief
checklist and available to surgeon preference. General instrument trays or additional
instruments continued to be readily available but remained unopened until required.

e Opportunities for further change were identified including a switch to reusable equipment

trays* 21028 oallipots, kidney dishes, surgical drapes and gowns?¥3°, and correct packaging
and waste triage332, Reusable ports had been embedded within the trust for a number of

years already.

RAIS Cadaveric Demonstration:
A cadaveric demonstration of the RAIS device compared a control procedure using standard

techniques and a full equipment roster, with an intervention procedure using our streamlined
procedure and green equipment roster. The aim was to verify the accuracy of the process maps and
quantify the resources used during the two variants of the procedure. To accurately simulate both
processes; both procedures were carried out in real time with a full operating team assembled.
Access to cadaveric samples was approved by Leeds Institute of Medical Education, who ensured
procedures were compliant with regulations. The surgeon doing the simulated procedure had
used the device before and as such was familiar with it. Engineering team support was available on
the day. A video demonstration from the surgeon’s perspective is available via this link:
https://youtu.be/bD6fwG89IGY.

Equipment changes relevant to the use of the RAIS device included: the potential use of reusable
trocars and ports? 3436, Without pneumoperitoneum, trocar seals are not required?? and issues
regarding leaky reusable trocars are made redundant®. RAIS entry to the abdomen (via a
supraumbilical incision) permits the easy insertion of equipment, including the use of Roeder knots
compared to expensive Endoloop applicators. In certain cases, use of the endoscopic retrieval bag
(BERT) and suction equipment can be eliminated too. The elimination of insufflator use also
removes the need for disposable insufflation tubing and insufflator CO, gas use.

Process maps for both our standard and green procedures are summarised in Appendix 1.
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https://youtu.be/bD6fwG89IGY

A carbon footprint for all interventions including equipment use and waste generation was
calculated using the relevant conversion factors from the UK Government GHG Conversion Factors
for Company Reporting 2020, Sustainability Reporting Template 2018/19°* and Rizan et al 2121%
Owing to the discrepancies between human and cadaveric samples, a mean-average insufflator
gas consumption of 120L (30 mins) was used for our calculations.

e Production emissions were estimated from procurement costs or material composition.
Where multiple unit-costs existed, the modal or lowest was selected. Emissions from
transportation of products were also considered.

e Disposal emissions were estimated by product weight and method of disposal. Where
applicable, packaging was calculated separately. For reusable equipment, packaging was not
measured as all equipment returns in reusable trays.

e Sterilisation of reusable instruments was also considered and included in calculations.

e Scope 2 emissions?, primarily water and electricity consumption, were not measured and
would be identical except for the insufflator (for which an electricity-use was estimated).

e A key aspect of the RAIS device is the elimination of insufflator gas use. A report by Praxair
calculated an emissions factor of 2.677kgCO,e per gaseous litre of carbon dioxide
manufactured®. This stands in contrast with previous findings that only measured Scope 1
emissions, ignoring manufacturing emissions®. No other literature could be found to support
or refute these findings*’, and the results were confirmed by the Centre for Sustainable
Healthcare (CSH).

e Equipment costs were obtained from Trust procurement. BERT Bag and insufflator gas
equipment were excluded form calculations as procurement costs were not available.
Instrument sterilization cost was estimated from subcontractor figures.

e (Qualitative data was collected and summarised in the results below.

The simulated surgical procedures for both standard and green operations were conducted with no
implications for clinical outcomes noted (surgeon view and ability to perform operation). Surgeons
commented that intra-abdominal space, camera and instrument access were excellent with the
RAIS device, and noted no difficulties using the device or the revised equipment roster and re-
usable set up.

There was no increase in procedure time, but it was recognised that there is likely a user learning
curve associated with the RAIS device which may prolong initial set-up. There is mixed evidence in
previous studies of alternate gasless devices regarding increased operating time2 2341,

Social benefits of increased access to laparoscopic surgery from RAIS in low-resource settings;
potential reduction in supply chain labour abuses with move away from single-use surgical
equipment, which relies on mass production with minimum labour costs.
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Surgical colleagues and Trust representatives expressed motivation to implement green equipment
rosters in their specialties.

Environmental sustainability: how much carbon or other environmental resources have been potentially

saved?

Estimated Emissions (KgCO2e) per

Procedure
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Figure 1. Comparison of emissions produced from standard and proposed surgical procedures (N.B. Log scale)

Non-RAIS Intervention:

Non-RAIS changes can be implemented immediately saving 7.5kgCO2e per procedure, or 3,915kg
CO2e per year. Equipment procurement changes accounted for 6.47kgCO2e per procedure and
reduced catherization, with 80% applicability, accounted for 863g CO2e per procedure (360kg CO2e
per year). These changes could be readily expanded to other operations with minimal effort.

The CO2e saving from waste has been included in the overall CO2e calculations. The amount of
waste generated by the standard procedure was 2,291g. 61.7% (1,415g) of this was disposed of as
clinical waste. The largest contributors were surgical gowns, drapes, catheterisation, and insufflator
tubing which collectively weighed 1,221g. In line with other studies* 3>, 38.3% of collected waste
from the standard operation was packaging related. This should be non-infectious, and much is
potentially recyclable3” > but correct waste triage is not always achieved. Stakeholders expressed
their shock at the quantity of packaging waste; this could be reduced by supplier and NHS
interventions. In addition to the NHS’ Net Zero commitment®3, it has made a pledge to reduce plastic
consumption*® 47, Qur intervention reduced waste to 510g, a reduction of 77.74%.
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Figure 2. Comparison of outcomes from the proposed interventions showing a) reduction in waste (above), summary of
the standard and proposed procedures (b) and total waste generation (c).
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RAIS Intervention:

RAIS interventions save an estimated 417.4kgCO2e per surgery; 321kgCO2e of which was due to
impact of insufflator gas which dwarfs all other environmental considerations within the scope of
this investigation. Longer laparoscopic procedures, such as hysterectomies and cholecystectomies
consume even greater quantities of insufflator gas, thus the environmental savings that gasless
laparoscopy offers are significant. There is a paucity of accessible statistics regarding medical gas
manufacture3®4°, but the implication for all laparoscopic surgeries is enormous.

Of the remaining 96.2kgCO,e of saving per RAIS procedure;

e 91.35kgC0O2e is due to reduced surgical instrument use and sterilisation.

e 1.78kgC0O2e is saved per green tray in sterilisation. With 80% applicability 742kg could be
saved annually from this change in Leeds alone.

With 522 appendicectomies taking place in LTHT annually (Jan-Dec 2019) potential savings of up to
217.9 tonnes CO2e can be achieved. Clinicians conservatively estimate a 50% applicability of the
RAIS, yielding a modest figure of 108.9 tonnes CO2e. We predict applicability is at 80%, depending
on clinician preference and patient-suitability and as such the impact will vary. However, when
considering 42,000 annual appendicectomy procedures nationwide!?, savings of up to 82-271.7
tonnes CO2e are achievable.
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Economic sustainability — will there be any investment costs? Have any potential financial savings
been identified?

Equipment Procurement: Reduced procurement permits savings of up to £299 per procedure. With
80% applicability, £124,862.4 could be saved per year in Leeds alone.

Sterilization: The Green Instrument tray avoids £22.91 per operation in sterilisation. With 80%
applicability, £9,567 could be saved annually in Leeds alone.

RAIS device: Investment costs for the RAIS of US $980 (approx. £784) are recuperated within the
first year of use, with a projected lifespan of 10 years. Spare parts and refurbishment requirements
were not considered in our study but, with annual savings of £78,000 in procurement costs alone
from reduced equipment required (50% applicability), RAIS use is a financially advantageous
investment.

Surgeon concerns regarding the safety of reusable drapes and gowns pose a potential barrier and
should be the subject of increased clarification as there is currently no literature available. We have
recently submitted a NIHR trial bid to conduct a non-inferiority trial of reusable drapes and gowns
vs disposables and await the outcome of this application.

As highlighted by the GIRFT General Surgery report®?, procurement costs and contracts vary
dramatically between different healthcare providers, who do not consolidate their collective
purchasing power®. Access to procurement figures is difficult; the lack of financial and
environmental awareness greatly inhibits decision-making. Close co-operation with the Trust
Clinical Procurement team and CSH was essential to ascertain the scope of our interventions. Key
financial and environmental statistics, including department and subcontractor energy use, must
be readily accessible to empower key stakeholders to take action.

Further exploring and identifying the potential barriers to implementation of these interventions
both locally and nationally will help drive potential changes into the future.

With a holistic approach, we have identified and demonstrated interventions that can be applied
immediately in the NHS to reduce equipment consumption. The application of the ‘Green Tray’ and
pre-operative bladder emptying checklist has already been started routinely and the team are
focused on the delivering re-usable drapes and packaging moving forward.

These interventions are not specific to laparoscopic appendicectomy, and their dissemination
should be greatly encouraged. Colleagues in allied fields have expressed their desire to implement
focused instrumentation use, the uptake of which will benefit greatly from our findings. The impact
of the pre-operative checklist and focused instrument trays have been implemented already within
the Institute of Emergency General Surgery because of this project. Dissemination of our findings
to other healthcare providers would permit a wider application of and cumulative effect of these
measures. End-user recognition of their impact is vital to sustaining the momentum of
interventions, thus regular feedback on local targets is vital. We are currently conducting a survey
of operating theatre staff to evaluate the capacity, enthusiasm and barriers for these interventions
within each specialty.
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Natural expansions of the RAIS include laparoscopic cholecystectomies and hysterectomies for
which precedents of gasless surgery exist3® 3> 41 4%, 50 Together, with innovative new surgical
approaches like GILLS (using the RAIS device) sustainable approaches can be further enhanced,
benefiting the UK and global surgery communities (including those in low resource settings).

Close co-operation with Trust administration, Estates services and industry stakeholders were
crucial to evaluate our interventions. Perhaps most crucially, access to the expert opinions of
specialists in sustainable healthcare proved invaluable in guiding investigations. As the NHS
prioritises sustainability in healthcare, co-operation between sustainability and healthcare experts
must be fostered and adequately resourced to realise their ambitions. The maintenance of
relationships with industry stakeholders not only provides manufacturing and logistical support but
sustains and promotes further innovations. Rutherford Solutions® were involved to ascertain the
potential for their reusable surgical drapes and gowns.

Overall, our work highlights the potential to transfer resource-efficient processes into major
financial and environmental savings.
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Appendix 1: Process maps of the standard (upper) and ‘green’ (lower) laparoscopic appendicectomy
procedure

2.x: Surgical
Procedure

2 21 2 2.19: Closure 2.20: Cleaning
2,22 Procedure finished.
and UF ports BERT bag removed through Close sheath and skon, Cloaning to skin and dry, Beg ke patient and
FEMOVED under vison umbilical port local anaesthetic Oressings —.l Io"""

) )

RSt apgenie g - Ports intioouced under | Camera gt on, camend |, Manuady IR AWLTO RS
mesoacgendn " nto .

appendix bass and ot

2.15: Reriowal
Betreve apgeridia ot
Pevhamtalic sl i haon

2.20: Washout
Weashout of peiis ot

The Centre for Sustainable Healthcare would like to acknowledge the Green Surgery Challenge gold sponsors NIHR 9
Surgical MedTech Co-operative and Elemental Healthcare; as well as our partners NIHR Surgical MedTech Co-
operative, Royal College of Surgeons of England, Royal College of Surgeons of Edinburgh, Sustainable Healthcare
Coalition, Association for Perioperative Practice and Brighton and Sussex Medical School.




10.
11.
12.

13.
14.

15.

16.

17.

18.

19.

20.

Royal College of Surgeons England R. Surgery and the NHS Carbon Footprint. 2020;102(5):4.
MacNeill AJ, Lillywhite R, Brown CJ. The impact of surgery on global climate: a carbon footprinting
study of operating theatres in three health systems. Lancet Planet Health. 2017;1(9):e381-€e8.
Morris DS, Wright T, Somner JE, Connor A. The carbon footprint of cataract surgery. Eye (Lond).
2013;27(4):495-501.

Rizan C, Steinbach I, Nicholson R, Lillywhite R, Reed M, Bhutta MF. The Carbon Footprint of
Surgical Operations: A Systematic Review. Ann Surg. 2020;272(6):986-95.

Siu J, Hill AG, MacCormick AD. Systematic review of reusable versus disposable laparoscopic
instruments: costs and safety. ANZ Journal of Surgery. 2017;87(1-2):28-33.

Thiel CL, Eckelman M, Guido R, Huddleston M, Landis AE, Sherman J, et al. Environmental impacts
of surgical procedures: life cycle assessment of hysterectomy in the United States. Environ Sci
Technol. 2015;49(3):1779-86.

Woods DL, McAndrew T, Nevadunsky N, Hou JY, Goldberg G, Yi-Shin Kuo D, et al. Carbon
footprint of robotically-assisted laparoscopy, laparoscopy and laparotomy: a comparison. Int J
Med Robot. 2015;11(4):406-12.

Leiden A, Cerdas F, Noriega D, Beyerlein J, Herrmann C. Life cycle assessment of a disposable and
a reusable surgery instrument set for spinal fusion surgeries. Resources, Conservation and
Recycling. 2020;156:104704.

Stockert EW, Langerman A. Assessing the magnitude and costs of intraoperative inefficiencies
attributable to surgical instrument trays. J Am Coll Surg. 2014;219(4):646-55.

Farrelly JS, Clemons C, Witkins S, Hall W, Christison-Lagay ER, Ozgediz DE, et al. Surgical tray
optimization as a simple means to decrease perioperative costs. J Surg Res. 2017;220:320-6.
Digital N. Hospital Episode Statistics 2019-2020. 2020.

Leeds Teaching Hospital Trust L. LTHT Green Plan. 2020.

NHS England N. Delivering a Net Zero NHS, 2020.

Wickramasinghe DP, Xavier C, Samarasekera DN. The Worldwide Epidemiology of Acute
Appendicitis: An Analysis of the Global Health Data Exchange Dataset. World Journal of Surgery.
2021;45(7):1999-2008.

Ferris M, Quan S, Kaplan BS, Molodecky N, Ball CG, Chernoff GW, et al. The Global Incidence of
Appendicitis: A Systematic Review of Population-based Studies. Annals of Surgery.
2017;266(2):237-41.

Alkire BC, Raykar NP, Shrime MG, Weiser TG, Bickler SW, Rose JA, et al. Global access to surgical
care: a modelling study. Lancet Glob Health. 2015;3(6):e316-23.

Stewart B, Khanduri P, McCord C, Ohene-Yeboah M, Uranues S, Vega Rivera F, et al. Global
disease burden of conditions requiring emergency surgery. Br J Surg. 2014;101(1):e9-22.

Bolton WS, Aruparayil N, Quyn A, Scott J, Wood A, Bundu |, et al. Disseminating technology in
global surgery. British Journal of Surgery. 2019;106(2):e34-e43.

Dare AJ, Ng-Kamstra JS, Patra J, Fu SH, Rodriguez PS, Hsiao M, et al. Deaths from acute abdominal
conditions and geographical access to surgical care in India: a nationally representative spatial
analysis. Lancet Glob Health. 2015;3(10):e646-53.

Gnanaraj J, Rhodes M. Laparoscopic surgery in middle- and low-income countries: gasless lift
laparoscopic surgery. Surg Endosc. 2016;30(5):2151-4.

The Centre for Sustainable Healthcare would like to acknowledge the Green Surgery Challenge gold sponsors NIHR1Q
Surgical MedTech Co-operative and Elemental Healthcare; as well as our partners NIHR Surgical MedTech Co-
operative, Royal College of Surgeons of England, Royal College of Surgeons of Edinburgh, Sustainable Healthcare
Coalition, Association for Perioperative Practice and Brighton and Sussex Medical School.



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Marriott Webb M, Bridges P, Aruparayil N, Mishra A, Bains L, Hall R, et al. Designing devices for
global surgery: evaluation of participatory and frugal design methods. International Journal of
Surgery Global Health. 2021;4:50.

Mishra A, Bains L, Jesudin G, Aruparayil N, Singh R, Shashi. Evaluation of Gasless Laparoscopy as a
Tool for Minimal Access Surgery in Low-to Middle-Income Countries: A Phase Il Noninferiority
Randomized Controlled Study. Journal of the American College of Surgeons. 2020;231(5):511-9.
Ren H, Tong Y, Ding X-B, Wang X, Jin S-Q, Niu X-Y, et al. Abdominal wall-lifting versus CO2
pneumoperitoneum in laparoscopy: a review and meta-analysis. Int J Clin Exp Med.
2014;7(6):1558-68.

Bolton WS, Aruparayil NK, Chauhan M, Kitchen WR, Gnanaraj KIN, Benton AM, et al. Gasless
Laparoscopic Surgery for Minimally Invasive Surgery in Low-Resource Settings: Methods for
Evaluating Surgical Field of View and Abdominal Wall Lift Force. Surgical Innovation.
2020;0(0):1553350620964331.

United Nations U. Sustainable Development Goals — United Nations Development Programme.
2015 [Available from: https://www.un.org/sustainabledevelopment/sustainable-development-
goals/.

Sharma D, Cotton M. Reverse innovation in health: Good but not good enough to be standard of
care? Tropical Doctor. 2021;51(2):139-40.

Mishra A, Bains L, Jesudin G, Aruparayil N, Singh R, Shashi. Evaluation of Gasless Laparoscopy as a

Tool for Minimal Access Surgery in Low-to Middle-Income Countries: A Phase Il Noninferiority
Randomized Controlled Study. J Am Coll Surg. 2020;231(5):511-9.

Thiel CL, Woods NC, Bilec MM. Strategies to Reduce Greenhouse Gas Emissions from
Laparoscopic Surgery. Am J Public Health. 2018;108(52):5158-564.

Rizan C, Reed M, Bhutta MF. Environmental impact of personal protective equipment distributed
for use by health and social care services in England in the first six months of the COVID-19
pandemic. Journal of the Royal Society of Medicine. 2021;114(5):250-63.

Baykasoglu A, Dereli T, Yilankirkan N. Application of cost/benefit analysis for surgical gown and
drape selection: A case study. American Journal of Infection Control. 2009;37(3):215-26.

Rizan C, Bhutta MF, Reed M, Lillywhite R. The carbon footprint of waste streams in a UK hospital.
Journal of Cleaner Production. 2021;286:125446.

McGain F, Jarosz KM, Nguyen MNHH, Bates S, O’Shea CJ. Auditing Operating Room Recycling: A
Management Case Report. A&A Practice. 2015;5(3):47-50.

The Human Tissue Act, (2004).

Ishikawa M, Nakagawa T, Nishioka M, Ogata S, Miyauchi T, Kashiwagi Y, et al. Costs and benefits
of laparoscopic cholecystectomy: abdominal wall lifting vs. pneumoperitoneum procedure.
Hepatogastroenterology. 2006;53(70):497-500.

Slater M, Booth MI, Dehn TC. Cost-effective laparoscopic cholecystectomy. Ann R Coll Surg Engl.
2009;91(8):670-2.

Apelgren KN, Blank ML, Slomski CA, Hadjis NS. Reusable instruments are more cost-effective than
disposable instruments for laparoscopic cholecystectomy. Surg Endosc. 1994;8(1):32-4.

Lau H, Lee F, Patil NG, Yuen WK. Two hundred endoscopic extraperitoneal inguinal hernioplasties:
cost containment by reusable instruments. Chin Med J (Engl). 2002;115(6):888-91.

Thiel CL, Schehlein E, Ravilla T, Ravindran RD, Robin AL, Saeedi OJ, et al. Cataract surgery and
environmental sustainability: Waste and lifecycle assessment of phacoemulsification at a private
healthcare facility. J Cataract Refract Surg. 2017;43(11):1391-8.

The Centre for Sustainable Healthcare would like to acknowledge the Green Surgery Challenge gold sponsors NIHR11
Surgical MedTech Co-operative and Elemental Healthcare; as well as our partners NIHR Surgical MedTech Co-
operative, Royal College of Surgeons of England, Royal College of Surgeons of Edinburgh, Sustainable Healthcare
Coalition, Association for Perioperative Practice and Brighton and Sussex Medical School.


https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/

39. Power NE, Silberstein JL, Ghoneim TP, Guillonneau B, Touijer KA. Environmental impact of
minimally invasive surgery in the United States: an estimate of the carbon dioxide footprint. J
Endourol. 2012;26(12):1639-44.

40. Gilliam AD, Davidson B, Guest J. The carbon footprint of laparoscopic surgery: should we offset?
Surgical Endoscopy. 2008;22(2):573-.

41. Khanna S, Hazarika A, Kalita U. Environmental safety in minimal access surgery and its bio-
economics. J Minim Access Surg. 2021;17(3):294-8.

42. Kim MK, Hwang JH, Kim JH, Kim SR, Lee SB, Kim BW. Gasless Total Laparoscopic Hysterectomy
with New Abdominal-Wall Retraction System. Jsls. 2020;24(1).

43. Centre for Sustainable Healthcare C. Sustainability in Quality Improvement 2021 [Available from:
https://sustainablehealthcare.org.uk/susdqi.

44. World Health O. Global guidelines for the prevention of surgical site infection. 2nd ed. ed.
Geneva: World Health Organization; 2018 2018.

45. BMJ. Coming round to recycling. BMJ 2009. 2009;338:728.

46. NHS England N. The NHS Long Term Plan. 2019:120.

47. NHS Single-Use Plastics Reduction Campaign Pledge [press release]. 2019.

48. Leeds Teaching Hospital Trust L. LTHT Green Plan 2020-2022. 2020.

49. Uen YH, ChenY, Kuo CY, Wen KC, Koay LB. Randomized trial of low-pressure carbon dioxide-
elicited pneumoperitoneum versus abdominal wall lifting for laparoscopic cholecystectomy. J
Chin Med Assoc. 2007;70(8):324-30.

50. Koivusalo AM, Kellokumpu I, Scheinin M, Tikkanen |, Makisalo H, Lindgren L. A comparison of
gasless mechanical and conventional carbon dioxide pneumoperitoneum methods for
laparoscopic cholecystectomy. Anesth Analg. 1998;86(1):153-8.

51. NHS Providers AP. 2019. Available from: https://nhsproviders.org/news-blogs/blogs/not-so-

fantastic-plastic.
52. Leeds Teaching Hospital Trust L. ICU waste segregation and recycling project 2021 [Available

from: https://www.leedsth.nhs.uk/about-us/sustainability/case-studies/.
53. GIRFT GIRFT. GIRFT Programme National Specialty Report: General Surgery. 2017
54. Sustainability Reporting Template 2018/19 (Sustainable  Development
Unit)
http://www.sduhealth.org.uk/delivery/measure/reporting.aspx

Surgical MedTech Co-operative and Elemental Healthcare; as well as our partners NIHR Surgical MedTech Co-
operative, Royal College of Surgeons of England, Royal College of Surgeons of Edinburgh, Sustainable Healthcare
Coalition, Association for Perioperative Practice and Brighton and Sussex Medical School.

The Centre for Sustainable Healthcare would like to acknowledge the Green Surgery Challenge gold sponsors NIHR 12


https://sustainablehealthcare.org.uk/susqi
https://nhsproviders.org/news-blogs/blogs/not-so-fantastic-plastic
https://nhsproviders.org/news-blogs/blogs/not-so-fantastic-plastic
https://www.leedsth.nhs.uk/about-us/sustainability/case-studies/

