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Appendix S1: Search Strategy
Database: Ovid MEDLINE(R) <1946 to July Week 4 2021>
Search Strategy:
--------------------------------------------------------------------------------
1     operation.mp. 
2     exp Operating Rooms/ or operating room*.mp. 
3     operating theater.mp.
4     operating theatre.mp.
5     surgical procedure.mp. 
6     exp Environment/ or exp "Conservation of Natural Resources"/ or sustainability.mp. 
7     Ecology/ or ecolog*.mp. 
8     medical waste/ or medical waste disposal/ 
9     medical waste.mp. 
10     equipment reuse.mp. or exp Equipment Reuse/ 
11     disposable equipment.mp. or exp Disposable Equipment/ 
12     recycling.mp. or Recycling/ 
13     climate change/ or global warming/ or climate change.mp. 
14     life cycle assessment.mp. 
15     carbon footprint.mp. or Carbon Footprint/ 
16     greenhouse gas*.mp. or Greenhouse Gases/ 
17     6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 
18     exp Robotic Surgical Procedures/ or robotic surg*.mp. 
19     exp Laparoscopy/ or laparoscopic surg*.mp. 
20     Minimally Invasive Surgical Procedures/ or minimally invasive surg*.mp. 
21     minimal access surgery.mp. 
22     MIS.mp. 
23     MAS.mp. 
24     18 or 19 or 20 or 21 or 22 or 23
25     surgery.mp. 
26     1 or 2 or 3 or 4 or 5 or 25 
27     17 and 24 and 26 
Database: Embase <1974 to 2021 August 03> 
Search Strategy:
--------------------------------------------------------------------------------
1     surgery/ or surgery.mp. 
2     operation.mp. 
3     exp operating room/ or operating room*.mp. 
4     operating theater.mp. 
5     operating theatre.mp. 
6     surgical procedure.mp. 
7     1 or 2 or 3 or 4 or 5 or 6 
8     exp environmental sustainability/ or sustainability.mp. 
9     exp ecology/ or ecolog*.mp. 
10     medical waste.mp. or exp hospital waste/ 
11     recycling.mp. or exp recycling/ 
12     disposable equipment.mp. or exp disposable equipment/ 
13     environmental impact.mp. or environmental impact/ 
14     equipment reuse.mp. 
15     climate change.mp. or climate change/
16     life cycle assessment.mp. or exp life cycle assessment/ or exp environmental impact assessment/ 
17     carbon footprint.mp. or carbon footprint/
18     greenhouse gas/ or greenhouse gas*.mp. 
19     8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 
20     exp robotic surgical procedure/ or robotic surg*.mp. or exp robotic surgery/ 
21     exp laparoscopic surgery/ or laparoscopic surg*.mp. 
22     exp minimally invasive surgery/ or minimally invasive surg*.mp. 
23     MIS.mp. 
24     MAS.mp. 
25     minimal access surg*.mp. 
26     20 or 21 or 22 or 23 or 24 or 25 
27     7 and 19 and 26 
Database: Web of Science
1 Surgery
2 Operation
3 Operating room
4 Operating theater
5 Surgical procedure
6 1 or 2 or 3 or 4 or 5
7 Sustainability
8 Ecolog*
9 Medical waste
10 Equipment reuse
11 Disposable equipment
12 Recycling
13 “climate change”
14 “carbon footprint”
15 “environmental impact”
16 “life cycle assessment”
17 “greenhouse gas”
18 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17
19 “robotic surg*”
20 “laparoscopic surg*”
21 “minimal access surgery”
22 “minimally invasive surg*”
23 MAS
24 MIS 
25 19 or 20 or 21 or 22 or 23 or 24
26 6 and 18 and 25




Appendix S2: Quality Assessment

Table S1: Quality assessment of observational studies using the tool created by Rizan et al.1 
	Category
	Scoring system
	Woods et al. (2015)32 
	Yoshizawa et al. (2011)33 
	Ludwig et al. (2015) 34
	Graham et al. (2019)35 
	Adler et al. (2004)42 
	Park et al. (2021)36 
	Rose et al. (2019)41 
	Chasseigne et al. (2018)39 
	Khor et al. (2020)40

	Completeness
	a) To what extent are study inventory boundaries complete for a given functional unit?
	2
	1
	0
	1
	1
	1
	1
	1
	1

	
	Includes all reasonable factors (2) Includes limited/ ambiguous factors (1) Narrow focus (0)

	
	b) Does the study account for all 3 scopes of GHG/waste products associated with the functional unit?
	1
	0
	0
	0
	0
	1
	0
	1
	0

	
	All 3 scopes measured (2) 2 scopes measured (1) scopes limited to 1 (0)

	Consistency
	a) To what extent is the study consistent with a recognised carbon footprinting guideline?
	1
	0
	0
	0
	0
	0
	0
	0
	0

	
	Stated and referenced (2) Stated, not referenced (1) No guideline stated (0)

	
	b) For comparative studies, how consistently are methods applied?
	2
	NA
	NA
	1
	NA
	NA
	NA
	NA
	NA

	
	Consistently applied throughout (2) Limited consistency (1) Poor consistency (0)

	Transparency
	a) Are the hypothesis(/es) and study objectives clearly stated?
	2
	2
	1
	2
	1
	1
	1
	1
	1

	
	Both clearly stated (2) Either hypothesis or study objectives stated (1) Neither stated (0)

	
	b) To what extent are waste products/GHGs included clearly stated? 
	1
	2
	1
	1
	1
	1
	1
	1
	1

	
	Number of waste products/GHGs included clearly stated (2) Number of GHGs deducible (1) Number of GHGs not deducible (0)

	
	c) To what extent are study assumptions and exclusions clearly stated?
	2
	1
	1
	1
	1
	1
	0
	1
	1

	
	Both assumptions and exclusions stated (2) Limited (1) Neither stated (0)

	
	d) To what extent are the number of data points collected per process clearly stated?
	2
	2
	1
	2
	1
	1
	2
	1
	2

	
	Clear for all processes (2) Clear for limited processes (1) Not stated for any processes (0) 

	
	e) How transparent are reported results? Numerical data for all sub-processes (2) Limited numerical data for some sub-processes (1) Descriptive or graphical data only (0)
	1
	1
	2
	1
	1
	1
	1
	1
	1

	Accuracy
	a) What is the specificity of the data sources to the study site? 
	1
	2
	2
	2
	2
	2
	2
	2
	2

	
	1° data only (2) Both 1° & 2° data (1) 2° data only (0)

	
	b) Does the study determine parameter uncertainty? 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Clear statistical plan with CI reported (2) CI reported, no clear plan (1) No CI or plan (0)

	
	c) Does the study determine scenario uncertainty?
	1
	2
	2
	1
	1
	1
	1
	1
	0

	
	Yes, demonstrating minimal uncertainty (2) Yes, demonstrating large uncertainty (1) No (0)

	Total
	Scores out of 24 */22
	16
	13
	10
	12
	9
	10
	9
	10
	9

	
	Percentage Scores(%)
	66.7%
	59.1%
	45.5%
	50.0%
	40.9%
	45.5%
	40.9%
	45.5%
	40.9%



Table S2: Quality assessment of Pre-post non-controlled studies using the ROBINS-1 tool. 11
	Author
	Study design
	ROB criteria used 
	Bias due to confounding
	Selection of participants
	Classification of invervention
	Deviations from intended intervention
	Missing data
	Measurement of outcomes
	Selection of reported results
	Overall Assessment

	Park et al. (2021)36 
	Experimental (Interventional) quality improvement and Cost effectiveness study
	ROBINS-1
	Low
	Not applicable
	Moderate
	Not applicable
	Low
	Low
	Low
	Low

	Ross et al. (2019)37 
	Pre-Post non controlled study
	ROBINS-1
	Low
	Moderate
	Low
	Low
	Moderate
	Moderate
	Low
	Moderate

	Takeuchi et al. (2005)38 
	Pre-Post non controlled study
	ROBINS-1
	Low
	Not applicable
	Low
	Low
	Low
	Moderate
	Low
	Moderate





Table S3: Quality assessment of LCA using criteria from Drew et al. based on Weidema’s Guidelines for Critical Review of LCAs23,24
	Appraisal criteria
	Indicator(s)
	Thiel et al (2018)30
	Thiel et al. (2014)28 
	Power et al. (2012)27 
	Thiel et al. (2017)29 

	Phase 1: Goal & Scope (13 points)
	
	
	
	
	

	Study goal is clearly stated, including the study's rationale (1), intended application (1), and intended audience (1)
	Transparency
	3
	3
	2
	3

	Lifecycle assessment method is clearly stated (1)
	Transparency
	1
	1
	0
	1

	Functional unit is clearly defined and measurable (1), justified (1), and consistent with the study's intended application (1)
	Consistency
	2
	2.5
	2
	2

	The system to be studied is adequately described with clearly stated system boundaries (1), lifecycle stages (1), and appropriate justification of any omitted stages (1)
	Transparency; Bias
	3
	2
	1
	2

	The system covers production (1), use/reuse (1) and disposal (1) of materials and energy (half mark if only for energy and vice versa)
	Internal Validity, Completeness
	2
	2.5
	2
	2.5

	Phase 2: Inventory analysis (7 points)
	
	
	
	
	

	The data collection process is clearly explained, including the source(s) of foreground material weights and energy values (1); the source(s) of reference data (e.g. inventory database; 1); and what data are included (e.g. production and disposal of unit processes; 1)
	Transparency, Internal Validity
	3
	2
	2
	2

	Representativeness of the data is discussed (1), differences in electricity generating mix are accounted for (1), and the potential significance of exclusions or assumptions is addressed (1)
	Internal validity; External validity
	2
	2
	1
	2

	Allocation procedures, where necessary, are described and appropriately justified (1; mark given if no allocation used)
	Transparency; Bias
	0
	0
	1
	1

	Phase 3: Impact assessment (6 points)
	
	
	
	
	

	Impact categories (1), characterization method (1), and software used (1) are documented transparently
	Transparency
	3
	3
	2
	3

	Results are clearly reported in the context of the functional unit (1) (0.5 if graphically, 0 if only normalized results reported)
	Consistency; Transparency
	1
	1
	1
	1

	A contribution analysis is performed and clearly reported (1), and hotspots are identified (1)
	
	1
	2
	1
	2

	Phase 3: Interpretation (9 points)
	
	
	
	
	

	Conclusions are consistent with the goal and scope (1) and supported by the impact assessment results (1)
	Internal validity; Consistency
	2
	2
	3
	2

	Results are contextualized through the use of sensitivity analysis (1) and uncertainty analysis (1)
	Internal validity
	0
	1
	0
	1

	Limitations are adequately discussed (1), and the potential impact of omissions or assumptions on the study's outcomes are described (1)
	Bias
	2
	2
	2
	2

	The assessment has been critically appraised (i.e. peer review if journal article or independent, external critical review if report/thesis; 1)
	Bias
	1
	1
	1
	1

	Source(s) of funding and any potential conflict(s) of interest are disclosed (1), and are unlikely to be a source of bias (1)
	Bias
	2
	2
	2
	2

	
	Total/35
	28
	29
	23
	29.5

	
	Percentage
	80.00%
	82.86%
	65.71%
	84.29%












Appendix S3
Table S4: Checklist of Processes contributing to GHG emissions in included Studies
	Process
	Item
	Thiel et al (2015)28 
	Thiel et al (2018)30 
	Thiel et al (2017)29 
	Power et al. (2012)27 
	Woods et al. (2015)32 
	Yoshizawa et al. (2011)33
	Number of Studies

	Surgical capital equipment manufacturing 
	
	
	
	
	
	
	0

	Surgical Equipment electricity use
	X
	X
	X
	
	X
	
	4

	Heating, Ventilation, Air conditioning (HVAC) 
	X
	X
	X
	
	X
	
	4

	Lighting
	X
	X
	X
	
	X
	
	4

	Building energy use
	
	X
	
	
	
	
	1

	Water
	Purification
	
	
	X
	
	
	
	1

	
	Heating
	
	
	
	
	
	
	0

	Anaesthetic gases
	Production
	X
	X
	
	
	
	
	2

	
	Direct GHG emission
	X
	X
	
	
	
	
	2

	IV anaesthetics
	Production 
	X
	X
	unsure
	
	
	
	2

	
	Direct GHG emission
	X
	X
	unsure
	
	
	
	2

	Gas insufflation
	Production
	
	
	
	X
	
	
	1

	
	Distribution
	
	
	
	X
	
	
	1

	
	Direct CO2 emission
	X
	
	
	X
	
	X
	3

	Other drugs 
	Resource extraction
	
	
	X
	
	
	
	0

	
	Production
	unsure
	
	X
	
	
	
	0

	
	Distribution
	unsure
	
	X
	
	
	
	0

	SURGICAL SUPPLY PRODUCTION & DISPOSAL

	Linen
	Production
	X
	X
	
	
	
	
	2

	
	Processing (laundry & dryer) 
	X
	X
	X
	
	
	
	3

	
	Transportation to third party
	
	X
	
	
	
	
	0

	Production of Surgical Supplies
	Resource extraction
	X
	
	X
	
	
	
	2

	
	Industrial assembly
	X
	
	X
	
	
	
	2

	
	Distribution
	X
	
	unsure
	
	
	
	1

	
	Production of recycled materials
	X
	
	
	
	
	
	1

	End of Life: Disposable Supplies
	Landfill disposal 
	X
	
	unsure
	X
	
	
	2

	
	Incineration
	X
	
	unsure
	
	X
	
	2

	
	Sterilisation 
	X
	
	unsure
	
	
	
	1

	
	Recycling
	X
	X
	X
	
	
	
	3

	Reprocessing of Reusable supplies
	Sterilisation
	X
	X
	X
	
	
	
	3

	
	Disinfection
	X
	
	
	
	
	
	0

	
	Repair
	
	
	unsure
	
	
	
	0

	
	Transport to reprocessing facility
	
	Assumed in-house
	
	
	
	
	0

	End of Life: Reusable Supplies
	Incineration & Landfill disposal
	
	
	unsure
	
	
	
	0

	
	Recycling
	X
	X
	unsure
	
	
	
	2

	Other/ Unclassified waste
	Incineration  
	
	X
	X
	
	
	
	2

	
	Landfill disposal 
	
	X
	X
	
	
	
	2

	
	Autoclave
	
	X
	
	
	
	
	1

	Total number of Items included (n=37)
	21
	17
	14
	4
	4
	1
	

	Total number of processes included (n=12)
	9
	8
	7
	2
	2
	1
	










Appendix S4
Table S5: Waste classifications
	Table 2: Waste Classification Systems of Included Publications

	First Author ( Publication Year) 
	Waste Classification
	Classification Subcategories 

	Thiel et al. (2014)28
	MSW and recycling
	

	
	RMW
	undergoes autoclaving prior to landfilling

	
	Chemo/Pathogenic waste
	calculated using uterine weights

	Power et al. (2012)27 
	Biomedical waste 
	Disposable trocars and robotic instruments

	Woods et al. (2015)32 

	Infection Control
	Items used to preserve sterility eg gloves, gowns, single use devices

	
	Single-use devices
	

	
	Consumables
	blue pack items (towels,dressings,catheters)

	
	Sterile Wrap
	Maintains sterility of instrument tray

	Thiel et al. (2017)29 

	Recycled waste
	

	
	Landfill waste 
	paper or plastic too small to be recycled

	
	Biomedical waste incineration
	biohazardous materials such as used gauze, needles, blades, and used gloves

	Adler et al. (2005)42 

	Disposable instruments (Disposal as domestic waste assumed )
	domestic waste, 112 g of cardboard,
and 295 g of plastics per operation

	
	Reusable instruments (Disposal as domestic waste assumed )
	

	Chasseigne et al. (2018)39 

	Unused supplies
	surgical gloves (25%), gowns (17%), reusable supplies from the SPD (11%), small consumables like covers (9%) and sutures (9%).

	Khor et al. (2019)40 

	general waste
	paper, balanced salt solution bottles, packaging material, and ophthalmic surgical set wrappers composed of polypropylene

	
	clinical waste
	gloves, gauze, cotton buds, disposable face drapes, salt solution bottles, and phacoemulsification machine cassettes

	
	Sharps
	sutures, surgical blades, syringes, needles, medication vials, and ophthalmic viscosurgical devices

	Takeuchi et al. (2005)38 
	N/a
	

	Ross et al. (2019)37 
	N/a
	

	Park et al. (2020)36 
	N/a
	

	Rose et al. (2019)41 
	N/a
	


	

Appendix S5: Analysis of DALYs averted 
DALYS were calculated using cost-effectiveness data per surgery from studies18–21 in similar populations to ascertain the years of life lost (YLL) and years lived with disability (YLD) from the surgery and adjusting for the quality of life of the patient. Patients were assumed to be disability-free after 10 years and a 3% discount for the DALYs averted future years of healthy life lost to morbidity/disability. The DALYs were then adjusted per tonne of CO2 or waste emitted by the surgical intervention.
Table S6: Analysis of DALYs averted
	Study
	Operation
	Source of YLL and YLD
	Waste per case
	CO2 per case (kg)
	QALY
	DALY adjustment weight
	DALY per case
	Cases per tonne of waste
	Cases per tonne of CO2
	DALYs per ton of waste
	DALYs per ton of CO2

	Thiel et al. (2017)29 
	Cataract phacoemulsification
	Chatterjee et al. (2015)22 
	0.25
	6
	ND
	ND
	0.77
	4000.00
	166.67
	3091.34
	128.81

	Woods et al (2015)32
	endometrial screening laparoscopy
	Bintvihok et al. (2018) 21
	11.2
	29.2
	9.6
	0.12
	1.12
	89.29
	34.25
	99.86
	38.30

	Woods et al (2015) 32
	RA laparascopy
	Bintvihok et al. (2018) 21
	14.3
	40.3
	9
	0.12
	1.05
	69.93
	24.81
	73.32
	26.02

	Thiel et al (2014)28 
	laparoscopic hysterectomy
	Lundin et al.(2020)20 
	11.5
	402
	7.2
	0.12
	0.84
	86.96
	2.49
	72.94
	2.09

	Thiel et al (2014) 28
	RA hysterectomy
	Lundin et al.(2020)20 
	14.3
	562
	8.7
	0.12
	1.01
	69.93
	1.78
	70.88
	1.80

	Khor et al (2019)40 
	cataract phacoemulsification
	Rochmah et al. (2020) 19
	0.827
	ND
	ND
	ND
	0.31
	1209.19
	NA
	376.14
	NA
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