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Abstract  

Aims: To reduce the carbon footprint of carpel tunnel surgery by;  

1. adapting a “lean and green theatre set up” by reducing the number of single use instruments, trays 

and drapes used per procedure; and 

2. transforming to a “Green CTR patient pathway” by utilizing a minor procedure room (instead of 

theatre) and therefore bypassing the pre-theatre ward admission process.  

Methods: A multidisciplinary team identified ‘hotspots’ leading to identified aims. A green patient pathway 

was proposed for elective day case hand surgery under local anaesthetic in minor procedure room”. 

Streamlined ‘minor hand procedure’ sets were agreed on and large generic limb drapes were replaced with 

two small 90cm square drapes. Use of a minor procedures room instead of a theatre was approved. 4 pilot 

Lean and Green Hand Surgery lists involving 17 patients utilising interventions above took place June - July 

2021.  

Measurement: A detailed itinerary of consumables used in theatre was obtained from procurement. We 

calculated the carbon footprint of patients’ journey through the hospital from admission onto a ward, 

transfer to the theatre suite and finally return to the ward prior to being discharged home. We calculated 

the cost savings and efficiency of this model per each CTR.  

Results: Positive outcomes for both patients and staff were found; including reduced length of stay, reduced 

theatre list and surgical wait times, and reduced the number of staff required per procedure. Changing to a 

“Lean and Green” set up demonstrated a 31kg CO2 and £33.71 reduction per case. This is an 80% reduction 

of the carbon footprint and 65% of the total cost. 

Conclusions: This project demonstrated that a lean theatre set up and green patient pathway can deliver a 

safe, efficient, cost-effective and sustainable hand surgery service within an orthopaedic department. The 

preliminary results from our green pathway will hopefully soon be seen as the “Standard of Practice” in the 

two hospitals involved in this project. By upscaling to the whole of the UK, in which 53,000 CTRs are 

undertaken each year, we estimate the carbon footprint could be reduced by 1,643,000 Kg of CO2e.  
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Background: 
Operating theatres contribute up to 70% of hospital waste (2.8 billion pounds). Surgeons therefore 

witness vast amounts of plastic waste, much of which is deposited in our oceans as ‘plastic soup’ or in 

landfills as microplastics, both of which don’t biodegrade1. Recent reports suggest microplastics are 

entering the human body through our water, food, and air, and microplastic was found in stool samples 

of participants from eight countries in Research from the Medical University of Vienna2. It is within our 

role as medical professionals to reduce our waste, and by extension support healthier environments 

and communities. 

 

Carpal tunnel release (CTR) is the most performed hand operation, with 53000 completed in the UK 

each year. It is a minor operation usually done under local anesthesia. Our current pathway requires 

patients be admitted prior to their procedure. As hand and orthopaedic surgeons, we felt our team was 

well placed to target this patient pathway and procedure to implement sustainable changes. The 

project was undertaken at two district general hospitals in North Wales (Wrexham Maelor and Ysbyty 

Gwynedd) working under Betsi Cadwaladr University Health Board (BCUHB).  

 

Specific Aims: 
Our aim was to reduce the carbon footprint of carpel tunnel surgery by; 

1. adapting a “lean and green theatre set up” by reducing the number of single use instruments, 

trays and drapes used per procedure. 

2. transforming to a “Green CTR patient pathway” by  

a) utilizing a minor procedure room (instead of theatre) and therefore bypassing the pre-

theatre ward admission process 

 

Methods:  
We involved a multidisciplinary team (MDT) to support in identifying themes for high value 

improvement, and to collect data. This MDT included patients, junior doctors, hand therapists, theatre 

staff, higher management team (HMT), central sterile services unit (CSSU), procurement, infection 

control, and administerial staff (from booking and secretarial departments).  

 

As a team we identified several hotspots and high levels of clinical waste for each CTR procedure 

(Appendix 1).  

• Unnecessary/unused equipment and drapes in surgical kits  

• Use of theatre when a suite would be sufficient 

• Ward admissions, which are carbon intensive, could be avoided pre-surgery if operation took 

place in a suite. Ward admissions are unnecessarily lengthening patients time in hospital and 

exposing them to a wider number of staff and other patients. Admissions require additional 

staff, large amounts of paperwork and use additional resources (e.g., fully staffed ward, 

heating, catering, etc.).   
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• Patient travel for post-surgical follow-up  

 

 

Aim 1:  

Streamlined ‘minor hand procedure’ sets were agreed on by the surgeons, theatre practitioner and 

sterilisation services manager. Single use plastic pots and bowls were replaced with reusable plastic 

receivers (see left images) and large generic limb drapes were replaced with two small 90cm square 

drapes adequate to provide a sterile surgical field (see right images).  

 

Aim 2:  

Use of a minor procedures room instead of a theatre was approved by Infection control and Estates 

departments. This meant that patients did not require ward admission prior to their CTR procedure. 

Patients were instead admitted and discharged directly from the theatre suite, decreasing their contact 

with staff and other patients. This also reduced the number of staff, and staff time, allocated to each 

patient to undertake a safe, effective minor hand operating list.  

 

Suitable sites for the change were identified between theatre staff and management teams. The Local 

Safety Standards for Invasive Procedures (LocSSIP) checklist was identified as being appropriate to 

assess and ensure changes were fully compliant with local policy and had patient safety at its heart.  

 

We proposed a “Green patient pathway - for elective day case hand surgery under local anaesthetic in 

minor procedure room” (Appendix 2) and highlighted its benefits to senior hospital management team 

(HMT) and to previous patients. This new pathway would not only reduce the carbon footprint of the 

service, but also generate significant cost and efficiency savings. The pathway was positively received 

as valuable for patient, staff and environmental sustainability. We highlighted the potential cost savings 

for the Trust which made it attractive to the HMT.  

 

We undertook 4 pilot Lean and Green Hand Surgery lists involving 17 patients utilising principles 

outlined above in June and July 2021 across the two hospitals. We actively obtained feedback from 

patients and staff during each list to ensure continuous improvement in delivery of care.  

 

Measurements:  
Aim 1: 

• We collected a detailed itinerary of consumables used in theatre for pre and post changes 

• Cost of consumables that could be removed or changed was obtained from the procurement team 
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• The ICE database3, SDU Carbon conversion factors4 and Small World Consulting 

were used to determine the carbon footprint for individual components of consumables. 

• Volume of clinical waste generated for one CTR generated was measured using a handheld 

weighing machine. Waste stream emissions factors from Rizan (2021)5 were used. 

• CSSU provided information on the process of sterilisation for the surgical instruments and trays. 

 

Aim 2:  

• We calculated the carbon footprint of patients’ journey through the hospital from admission onto 

a ward, transfer to the theatre suite and finally return to the ward prior to being discharged home, 

using emissions factors from the SDU4. 

• We calculated the cost savings and efficiency of this model per each CTR.  

 

We actively sought patient and staff feedback via forms and a pathway folder for suggestions on 

improvement. There was a debriefing meeting at the end of each list to review the day’s events and 

highlight what went well and what could be improved. 

 

Results:  
Clinical outcomes:   

The consensus among staff was that streamlining the surgical equipment and pathway had no 

detrimental effect on the procedure, and that it improved staff productivity. There were no superficial 

or deep infections and other wound related issues reported in the 23 patients at six months post 

surgery.  

 

Patient satisfaction was overwhelmingly positive. Some examples are “fantastic set up”, “I was very 

happy to have this” and “Thank you to all the staff”. There were no intra or postoperative complications 

during our trial phase.  

 

Environmental sustainability: 

Aim 1:  

Smaller trays with fewer, re-sterilisable instruments demonstrated the largest impact with a reduction 

of 14.7kg CO2e. This did not include further potential reductions identified by sterilisation services, who 

noted that the smaller tray usage meant more sets could be processed in each autoclave sterilisation 

cycle. Using smaller drapes reduced the emissions by 9.245Kg CO2e. 

 

The average amount of clinical waste reduced from 3.5kg to 1.23kg, represents a 65% reduction in 

clinical waste and emissions associated with their disposal (via incineration) (Appendix 3). 

 

Aim 2:  

Bypassing ward admission meant a further reduction in the carbon footprint by 6.31 Kg per patient. 

By utilizing a minor procedure room instead of a main theatre suite or ultra-clean air theatre, there 

were likely further indirect savings from reduced energy use and water use which was not possible to 

measure.  
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In total, we demonstrated a 31kg CO2 reduction per case. This is an 80% reduction of the carbon 

footprint of this procedure. 

  

Social sustainability:  

Our new pathway led to a more streamlined and enjoyable patient and staff journey.  

 

For patients, their overall length of time at hospital was reduced, as was their contact with other 

patients and staff. Our pathway reduced theatre lists, shortening wait times for patients, reduced the 

risk of same day cancellation, and reduced the number of staff required per procedure. This is 

extremely beneficial to patients, as timely surgical intervention is vital for optimal surgical results from 

CTR. 

 

This is also especially relevant to staff, and the NHS, given issues caused by the Covid19 pandemic, 

which has considerably increased surgical waiting times across the UK. It is vital to create safe, resilient 

patient pathways to promote recovery of planned surgery from COVID 19. 

 

Economic sustainability:  

The average CTR list of consumables cost the tax-payer £51.27. Changing to a “Lean and Green” theatre 

set up had a potential saving of £33.71 for each CTR, a saving of 65% of the total cost.  

 

Barriers encountered:  
Covid19 impact:  

Location: Three potential sites were identified for our changes however two had to be excluded as there 

was no clear segregation of patients as per their COVID screening. In Bangor this was not possible during 

the competition phase, and procedures continued in a main theatre. A suitable minor procedures room 

was identified however subsequently lost after pilot lists due to Endoscopy for urgent cancer screening 

related work. We are continuing CTR in theatres using a “lean and green theatre” set up and are in the 

process of developing a service where CTR will be performed in an outpatient setting.  

Staffing: Theatre staff levels were badly affected in the last 2 weeks of this project due to the third wave 

of COVID which led to some list cancellations.  

 

Booking issues: Patients were required to self-isolate for 72 hours prior to surgery and have a negative 

Covid swab, cancellations resulted in wasted, unnecessary swabs and wasted patient journeys. Until 

national guidelines change to allow us to abandon pre-operative COVID swabs, this will continue to be 

an issue.  We are anticipating new Welsh guidelines where routine pre-operative COVID screening will 

be suspended to be published in the near future. 

 

District Nurse Referral: As patients were being discharged from the procedure room in Wrexham, we 

experienced some logistical challenges in completing admission and discharge paperwork. Further work 

is being done to streamline this pathway further to reduce excessive paperwork. 
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Conclusions:  
This project demonstrated that a lean theatre set up and green patient pathway can deliver a safe, 

efficient, cost-effective and sustainable hand surgery service within an orthopaedic department. The 

changes made and lessons learned in developing this project can be readily implemented in almost any 

other surgical procedure, and in any service that relies heavily on patient follow up appointments such 

as diagnostic services. The preliminary results from our green pathway will hopefully soon be seen as 

the “Standard of Practice” in the two hospitals involved in this project.  

 

The whole team passionately believes that our small project could have huge implications by upscaling 

to the whole of the UK, in which 53,000 CTRs are undertaken each year. We estimate the carbon 

footprint could be reduced by 1,643,000 Kg of CO2e by simple changes such as smaller drapes, essential 

surgical instruments and performing CTR in a minor procedure room setting. These savings do not take 

into account indirect energy savings such as electricity, water, re-sterilisation and NHS supply chain by 

less reliance on procurement. 

 

We are considering additional ways that we can target savings across the triple bottom line of 

environmental, social and financial sustainability. We focused on selective areas in the patient pathway 

such as bypassing ward admission. We have since modelled the pre and post operative pathway with 

inclusion of follow-up being moved to virtual appointments. This along with other changes identified, 

would decrease staff time by 50% across the pathway. We believe that a more sustainable surgical 

practice is very achievable, and if replicated in other operations the waste, carbon and financial savings 

are potentially enormous.  
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Appendix 1: Algorithm to identify waste and reduce carbon footprint of CTR 

 



  

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

9 

Appendix 2: Proposal for elective day case hand surgery under local anaesthetic in minor 

procedures room 
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Appendix 3: Waste reduction.  

 

Cases 1-7 undertaken using old theatre setup, cases 8-24 using the lean green setup. 

 


