
Four LCAs in an Afternoon!

1

Forbes McGain
Anaesthesia and Intensive Care, 

Western Health, Melbourne

A/Dean Sustainability MDHS, Uni Melb
Forbes.mcgain@wh.org.au



The Four Studies this Afternoon

1. Thiel CL. Environmental impacts of surgical procedures: life cycle 
assessment of hysterectomy in the United States (2014)

2. McGain F. Financial and environmental costs of reusable and single-
use anaesthetic equipment (2017)

3. Zhang D. The Environmental Impact of Open Versus Endoscopic 
Carpal Tunnel Release (2022)

4. Tan E. Carbon footprint of dermatologic surgery (2021)

• With moderation and accompanying slide show information

• A creative, conjecturing, and critical mind is vital (as always!)



From: C Footprint of General, Regional, Combined Anesth for TKRs

Anesthesiology. 2021;135(6):976-991
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Hysterectomy: Methods I

1. Thiel et al, Magee Women’s Hospital, Pittsburgh

2. Goal and Scope: To compare the carbon footprint of one 
hysterectomy: vaginal, abdominal, laparoscopic, robotic

3. Included Anaesthesia

4. “Limited information on the environmental impacts of the sterilization 
process for reusable materials.  …sterilization of surgical trays was based 
off an energy consumption estimate (2.6 kWh per stainless steel 
surgical instrument tray) of the autoclaving machines at Magee.”

5. Monte Carlo analyses…





Hysterectomy: Methods II

1. Prospective single centre study (consent required) of waste audits of 62 
cases

2. Municipal Solid Waste (MSW) vs. (autoclaved) Regulated Medical 
Waste (RMW)

3. Life Cycle Inventories (USLCI, ecoinvent)

4. Hybrid Approach: EEIO analyses of complex and expensive lap. and 
robotic equipment





• The USLCI electricity process was modified to match the energy mix of 
Pennsylvania for 2012 which is 73% coal, 22% nuclear, 3% natural gas…



• Economic Input-Output LCA Setup and LCIA Monetary values for EIO-LCA 
were evaluated using the purchaser price and assigned background emissions 
using the corresponding sectors within the North American Industry 
Classification System

• For the production of disposable complex medical devices, NAICS sector 
339112 Surgical and Medical Instrument Manufacturing was selected

EE-IO LCA for Single Use Complex Instruments





62 Hysterectomies: Waste 

Recycling: 4-8% Total





%?!





Hysterectomy: Results
1. 500,000 cases in the USA p.a. (A-40%, V-20%, Lap.-30%, R-10%)

2. 212,000 tonnes CO2e p.a.. 

3. = 420 kg CO2e per hysterectomy 

4. Anaesthetics were important (i.v. vs. gas). 
• i.v. from <1kg CO2e /case to…
• Desflurane or N2O: 500 kg CO2e /case (approx. 2L/min. for 4 hours)

5. Cotton: largest ‘disposable’ CO2e footprint (though <5% b.w.)

6. Reusable instruments minor

7. Energy: HVAC (70%)>OR machines>Lighting=Sterilisation…(?!)

8. The Supplementary data don’t clarify actual CO2e emissions





Hysterectomy: Discussion

1. Clearly a study that required much effort, collaboration, and thought!

2. Choice of anaesthesia vital

3. Single use cotton is anathema to a low carbon world!

4. Supplementary data don’t clarify CO2e etc. figures: numerical data?

5. Sterilisation and HVAC data?

6. Beware the Hybrid Study (inflation of the CO2e for laparoscopic and 
robotic cases)



BJA, 118 (6): 862–9 (2017) 
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Circuits, Handles, Blades, Face Masks



Anaesthetic Equipment : Methods I
1. McGain et al, Melbourne, 2015 (2017 published)

2. Goal and Scope (and Functional Unit): “To estimate the financial and 
environmental costs for a small hospital to switch from single-use to 
reusable airway equipment”

3. System Boundary 

4. Consequential LCAs indicate what’s occurring in the broader 
economy 
• the CO2e emissions stemming from electricity used to process more reusable 

anaesthetic equipment were not an average of CO2e emissions for electricity 
generation in Australia, but those arising from the marginal electricity supplier

• Each new kilowatt hour of electricity during the next 5–10yr in Australia will most 
probably be sourced from coal





Holding trays for the washer The washer in action A steriliser load

Behind the Scenes in LCA Studies…



Steriliser Electricity 
Consumption 



Scenarios for replacing reusable anaesthetic
equipment with disposable/single use items.

Washer and 
dryer loads p.a. 

Steam steriliser
use p.a.

Hydrogen 
peroxide (H2O2) 
steriliser use p.a. 

1. All reusable anaesthetic items. Current 
practice at Footscray Hospital.

550 loads 4,490 reusable direct 
laryngoscope blades 
and 630 LMAs

Reusable video-
laryngoscopes
180 cycles

2. Convert to disposable anaesthetic items 
except for reusable handles for the direct 
laryngoscopes (Austin Hospital)

0 loads 0 cycles 0 cycles

3. All single use anaesthetic equipment 
(including single use direct laryngoscope 
handles).

0 loads 0 cycles 0 cycles

4. Replace only reusable face masks with 
single use face masks.

365 loads 4,490 reusable direct 
laryngoscope blades 
and 630 LMAs

180 cycles

5. Replace only direct laryngoscope reusable 
blades with single use blades. 

550 loads 630 LMAs 180 cycles
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3. Carpal Tunnel Release

J Hand Surg Am. 2023 Jan;48(1):46-52



Carpal Tunnel Release: Methods

1. Dept. of Orthopedic Surgery, Brig. and Women’s, Boston

2. Retrospectively reviewed: 14 open and 14 endoscopic CTRs

3. CTR with an Anesthesiologist present

4. Average surgical time= 38 minutes or 49 minutes

5. Goal and Scope: To compare the carbon footprint of oCTR vs. eCTR
from start to finish in the OR only

6. Process Diagram?

7. Anaesthesia?



Carpal Tunnel Release: Results

1. Energy
• 14.4 kWh for OR lights (half hour operation)…

• 14.4 kWh for Anesthesia equipment…

• 9.6 kWh for HVAC…

• 864 kWh for 1 sterilization cycle… (we found around 20 kWh/cycle)

• 1 kWh = 0.707 kg CO2e emissions (US EPA electricity grid)

2. Waste (minor)

• 1.9- 2.5 kg solid waste (0.2 kg CO2e/kg waste: UK landfill waste)

3. TOTAL= 83 kg CO2e emissions (vs. 400 kg for a hysterectomy)





Carpal Tunnel Release: Discussion

1. Variability in the carbon footprint of surgical procedures

• From 6 to 814 kg CO2e (Rizan, Ann. Surg., 2020)

• Various boundaries for LCAs…

2. Waste (minor)

• 1.9- 2.5 kg solid waste (0.2 kg CO2e/kg waste: UK landfill waste)

3. TOTAL= 83 kg CO2e emissions 

4. No procurement nor anaesthesia CO2e emissions…





4. Skin Lesion Surgery



Dermatologic Surgery: Methods
• LCA Goal and Scope, Inventory Analysis, Interpretation 

1. To undertake a process based attributional LCA of the carbon 
footprint of a skin cancer operation in Melbourne, Australia
• Using OpenLCA, Evah database etc. 

2. Cradle to Grave

3. Functional Unit?
• One skin cancer in a single admission to a private practice/hospital

4. System Boundary? (what does one require for an operation?)



Dermatologic Surgery: Methods
1. Discussion of Input Output vs. Process based LCAs

• “A key limitation of process based is truncation errors”…

2. Transportation
• At all?
• Metro. Vs Rural transport
• Waste transportation
• Sources of information?

3. Functional Unit?
• Removal of one skin cancer in a single admission to a private practice 

(with a ‘comparison’ to a public hospital)







28 kg CO2e total



Dermatologic Surgery: Results I

1. Transport
• Staff and patient transport

• Data sources?

• 21kg CO2e emissions

• 2/3 (14kg?) from staff and patient transport (data?)

2. Utilities
• Electricity generation in Australia…

• Measurement of electricity usage? Small to medium businesses

• Surgical sterilisation (actual loads, tests, standby?)

• Total amount = 4.9kg CO2e

• Water



Dermatologic Surgery: Results II
1. Instruments and Consumables
• Stainless steel surgical equipment: 

• 161 g = 0.86kg CO2e for manufacture
• = 1.07 kg CO2e for transport…

• Plastics, gauze, etc.: 115g = 0.65 kg CO2e

• Cotton gauze: 20 g = 110 g CO2e (?)

• Latex glove: 10g = 50 g CO2e

2. Waste
• Non-hazardous waste, biohazard, recyclables, sharps 

• Non-hazardous= ‘inert’ (CH4 capture leads to negative CO2e)?...

• Hazardous waste: 0.23 kg =  - 0.53 kg CO2e



Dermatologic Surgery: Results III
1. Public Hospital vs. Private Clinic
• Cotton gown: 14. 55 kg CO2e, 

• Cotton 1 kg= 27 kg CO2e

• So, the gown weighs half a kg; really?…

• Polypropylene gowns vs. cotton gowns

• Plastic drapes: 0.48 kg = 5. 75 kg CO2e

• Washing: 1.8 kWh = 1.3 kg CO2e

• 75% of sterilised instruments unused

2. In a Public Hospital
• Theatre HVAC Series of assumptions to reach 72 kg CO2e (2.5 X Clinic)

• 10 X non-hazardous waste



Dermatologic Surgery: Recommendations
• Transportation…

• What % of skin lesions aren’t so?

• Surgical issues: Full draping for minor surgery? …

• Surgery: avoid single use, discuss infection prevention requirements, recycle

• Reduce waste (avoid bottled water)

• Limitation? Process Based LCA. A bottom up vs. top down approach. 

• (types of surgery, non-primary data etc.)



Dermatologic Surgery: Results II
1. Instruments and Consumables
• Stainless steel surgical equipment: 161 g = 0.86kg CO2e

• Plastics, gauze, etc.: 115g = 0.65 kg CO2e

• Cotton gauze: 20 g = 110 g CO2e (?)

• Latex glove: 10g = 50 g CO2e

2. Waste
• Non-hazardous waste, biohazard, recyclables, sharps 

• Non-hazardous= ‘inert’ (CH4 capture leads to negative CO2e)?...

• Hazardous waste: 0.23 kg =  - 0.53 kg CO2e
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