Rationalizing the use of specimen pots following colorectal polypectomy– a small step towards greener endoscopy.
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Abstract

Aims:

In this study, we aim to determine whether combining multiple small colorectal polyps within a single specimen pot can reduce greenhouse gas (GHG) emissions, without an associated deleterious clinical impact.

Methods:

This was a retrospective observational study of colorectal polyps resected during 2019, within the Imperial College Healthcare Trust. The numbers of pots for polypectomy specimens were calculated and corresponding histology results were extracted. We modeled the potential specimen pot savings if all less than 10mm polyps were sent together and the number of advanced lesions we would not be able to locate if we adopted this strategy. GHG emissions were estimated based on previous study using a Life Cycle Assessment, at 0.28kg CO2 per pot. 

Results:

A total of 11781 lower GI endoscopies were performed. There were 5125 polyps removed and 4192 pots used, equating to a footprint of 1174 kg CO2. There were 4563 (89%) polyps measuring 0-10mm. 6 (0.1%) of these polyps were cancers, while 12 (0.2%) demonstrated high-grade dysplasia. If we combined all small polyps in a single pot total pot usage could be reduced by a third (n= 2779). 
Conclusion:

A change in practice by placing small polyps collectively in one pot would have resulted in GHG emission savings equivalent to 982 miles driven by an average passenger car. The reduction in GHG emissions from judicious use of specimen pots would be amplified with a change in practice on a national level. 
Introduction
The contribution of the healthcare sector to the production of Green House Gas (GHG) emissions is being increasingly recognized. The National Health Service (NHS) in the United Kingdom is the largest publicly funded health system worldwide and is estimated to generate nearly 590000 tonnes of waste annually (1). This has led to a commitment to achieve net zero emissions by 2045 (2). The endoscopy department is thought to be the third highest contributor to waste per bed per day and as such will have a crucial role in reaching this target (3).

While major change will require changes in supply chains, technology, decontamination processes and ultimately reducing the number of procedures performed, such interventions are likely to take time to achieve and require a substantial capital investment (4). The current trajectory of climate change demands a stepwise series of small but positive changes that can be implemented immediately. A Life Cycle Assessment (LCA) used to quantify GHG in endoscopy has identified that as much as 36% of emissions are related to the histological processing of tissue samples (5). With that in mind, we aim to evaluate the convention of sending colorectal polyps resected during endoscopy as separate samples. Whilst this practice may aide reassessment of specific parts of the colon should the removed polyp be found to have advanced histology, we know that polyps of smaller than 10mm have a negligible risk of malignancy and as such this precaution may be unwarranted (6,7). 
The aim of this study is to describe the size of the impact on GHG from sending colorectal polyps as combined samples and to determine whether this strategy has any negative clinical impact.
Methods

Study design and data source

This was a retrospective observational study evaluating all polyps identified and resected at colonoscopy or flexible sigmoidoscopy between the 1st of January 2019 and the 31st of December 2019, within the three hospital sites that make up the Imperial College Healthcare NHS trust, London (St Mary’s, Charing Cross and Hammersmith hospitals). This study was undertaken as part of service evaluation, with institutional approval obtained.
All procedures where at least one polyp was diagnosed were identified through our electronic endoscopy reporting system, SCORPIO. We undertook a per procedure analysis, where if an individual patient underwent more than one procedure these were considered as separate interventions. Incomplete colonoscopies where polyps were identified and resected were included. Procedures where polyps were identified but not removed or where polyps were resected but not retrieved were excluded. Endoscopy reports were analyzed to determine patient characteristics such as patient date of birth, gender and procedure indication. Polyp characteristics including size, morphology, location, and histology were recorded. We examined the endoscopy report to establish whether the performing endoscopist considered any of the resected polyps to have advanced histology based on endoscopic features and whether the location of any such lesions was marked with a tattoo.
Analysis of biopsy pot usage
In order to determine the number of histology pots utilized, we evaluated the histology report to establish the number of pots received by the laboratory. Additional pots sent for biopsy samples, other than excised polyps, were not included in this analysis. 

We determined potential strategies in reducing biopsy pot usage by modelling the number that would be used if the strategy to place all polyps less than 10mm within a single colonic segment, hemi colon or throughout the colon were adopted.

GHG emission estimation

Estimates of the GHG emissions savings were based on previous work in this area, which describe the processing a single pot to be associated with emissions of 0.28 kg CO2(5). A comparison of our local pathway from tissue processing to production of the histology report, which was carried out in accordance with the Royal College of Pathology Tissue Pathway, was made and found to be similar(8).
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows, version 28.0 (IBM, Armonk, NY, USA). A P value < 0.05 was considered statistically significant. Descriptive statistics were used to report the data. Features predictive of the diagnosis of a polyp cancer were investigated using logistic regression. 
Results

During the twelve-month study period, a total of 11,781 lower GI endoscopies were performed across the three hospital sites included within this study. There were 219 (1.9%) procedures that detected polyps that were not removed, whilst in 146 (1.2%) procedures polyps were removed but not retrieved. These procedures were excluded, with the resultant study population encompassing 5125 polyps across 2502 procedures.
Our study cohort included 610 procedures (1281 polyps) performed as part of the Bowel Cancer Screening Programme (including the Bowel Scope Flexible sigmoidoscopy programme), 652 (1456 polyps) as a part of surveillance, whilst 1240 (2388 polyps) were for the investigation of gastro-intestinal symptoms. The mean age of the patients with a detected polyp was 63.9 years old (range 24-96) with a male preponderance (57.5% male).

Of the polyps detected and removed, 2874 (56.1%) were adenomas, 966 (18.8%) hyperplastic, 240 (4.7%) sessile serrated lesions, 115 (2.2%) inflammatory, 17 (0.3%) malignant while 913 (17.8%) were composed of miscellaneous histological types. Polyps ≤10mm accounted for 4563 (89%) of all polyps resected (Table 1). 

Within this study population, there were 64 (1.2%) polyps with advanced histology, 47 with High Grade Dysplasia (HGD) and 17 with adenocarcinoma. When polyps of 10mm or less were scrutinized, the rate of HGD and cancer was 0.2% and 0.1%, respectively. Advanced histology in polyps of less than 5mm was found to occur in 0.04%. Advanced histology in polyps 10mm and smaller was predicted at the time of the procedure based upon endoscopic features in 26 (40.6%) cases, with consequent marking with a tattoo and documentation detailing this suspicion within the endoscopy report.
When polyp number and distribution was analyzed there was a single polyp diagnosed in 1471 (58.8%) of the procedures performed. Where there was more than a single polyp, 240 (9.6%) were confined to a single colonic segment, 441 (17.6%) confined to a hemi-colon, whilst in 350 (14.0%) these were distributed throughout the colon. 

When evaluating current practice within our department we found that 4192 specimen pots were used for the 5125 polyps, across the 2502 procedures. There were 1031 (41.2%) of procedures where there were multiple polyps. Individual pots were used per polyp in 756 (73.3%), whilst the endoscopist opted to combine multiple polyps in the same colonic segment together in 160 (15.5%), per hemi colon in 111 (10.8%) and all in one pot in 4 (0.4%). There was no trend in the likelihood of any individual endoscopist using combined pots, with the decision seemingly arbitrary.
A total of 2718 pots were used for procedures with more than one polyp removed. If there was rationalization of the number of histology pots used to send all polyps ≤10mm with no suspicious endoscopic features in one pot per segment, one pot per hemi colon or one pot for the whole colon, this would reduce the number of pots used to 2268, 1656 and 1308, respectively. Each approach is associated with a reduction of waste, with the largest saving being of course combing within a single pot. When we analyzed the number of polyps with unexpected advanced histology there was a total of 38 polyps harboring covert HGD or neoplasia. Of these 19 were complete R0 resections at index polypectomy, with 5 of these patients requiring surgical resection.  Out of the 64 polyps with advanced histology, the theoretical approach of combining small polyps into segmental, hemi or whole colon pots would make it challenging to locate the polyp relevant hemi colon in 0, 1 and 4 cases, respectively.
When undertaking a binary logistical regression examining polyp features predicting the likelihood of advanced histology it was found that polyp size greater than 10mm, right sided location and the screening population have a significant association (Table 2). This would support argument for combining ≤10mm polyp samples.
	Table 1. Histological analysis of polyps according to polyp size

	Polyp size 

(mm)

	Total
	Adenoma LGD n (%)
	Adenoma HGD n (%)
	Cancer 

n (%)

	0-5
	3429
	1847 (53.9)
	2 (0.06)
	0 (0.0)

	6-10
	1134
	689 (60.8)
	10 (0.9)
	6 (0.5)

	11-20
	401
	213 (53.1)
	18 (4.5)
	4 (1.0)

	21-30
	94
	50 (53.2)
	8 (8.5)
	3 (3.2)

	>30
	67
	36 (53.7)
	9 (13.4)
	4 (6.0)


	Table 2. Logistical regression examining the factors associated with the diagnosis of a polyp cancer

	Variable
	Significance level
	Odds Ratio
	95% CI

	
	
	
	Lower
	Upper

	Procedure Indication
	GI symptoms
	<0.001
	
	
	

	
	Surveillance
	0.152
	1.615
	0.838
	3.112

	
	Screening 
	<0.001
	4.781
	2.586
	8.839

	Polyp Location
	Rectum
	<0.001
	
	
	

	
	Left colon
	0.102
	0.598
	0.323
	1.108

	
	Right Colon
	<0.001
	0.257
	0.123
	0.537

	Polyp morphology
	Sessile
	0.033
	
	
	

	
	Pedunculated
	0.009
	2.294
	1.229
	4.281

	
	Flat
	0.490
	1.397
	0.540
	3.610

	Polyp Size
	0-10
	<0.001
	
	
	

	
	11-20
	<0.001
	61.470
	28.058
	134.669

	
	21-30
	<0.001
	47.050
	21.136
	104.737

	
	30+
	<0.001
	12.132
	6.163
	23.885


Discussion
Imperial College Healthcare Trust performed a total of 11781 lower GI endoscopies in the year 2019.  A total of 5125 polyps were removed across 2502 lower GI endoscopies and sent for histological evaluation in 4192 specimen pots. This practice was associated with and estimated 1174 kgCO2 of GHG emission.  This could be reduced to 2779 pots just by adopting the approach of combining small polyps within a single pot. The magnitude of this GHG emission saving would roughly equate to 982 miles driven by an average passenger car(9).  Based on the national annual endoscopy volume of over a million lower GI procedures per year, if we were to extrapolate our data this effect could be multiplied 100-fold (10). This intervention is one that could be introduced immediately and without the requirement for capital expenditure, in fact the use of fewer resources would result in a cost saving.
The convention of placing polyps in separate pots stems from the concept of being able to relocate the area of resection in the event the polyp harbors advanced histology. It is however worth considering that even if it is known which colonic segment a polyp originates from, it may still be difficult to pinpoint the exact location given that the resection of small polyps rarely results in a scar. The technological advancement of colonoscopes and wide availability of chromoendoscopy should aide endoscopists in identifying high-risk features of polyps. It would be expected that most advanced lesions are recognized at the time of the procedure and a tattoo placed to mark the location(11). Note is made of the moderate rate endoscopic prediction of advanced lesions in our cohort of 40.6%.

A further possible extension of this concept would be the adoption of the ‘Resect and Discard’ approach, whereby instead of sending diminutive (≤5 mm) colorectal polyps for analysis, the in vivo optical analysis is relied upon and the sample is discarded. This would reduce GHG further by virtue of not sending the polyp for analysis at all. In our cohort this would result in discarding 3429 (66.9%) of all polyps sent for analysis, equivalent to 960 kgCO2 saved if these were sent as individual samples. While there have been many studies supporting the resect and discard approach, there has been a failure for this to be taken up in daily practice, mainly due to a concern about suboptimal accuracy in polyp characterization if this were to be extended across all hospital settings (12). Existing literature suggests the accurate endoscopic prediction of advanced lesions for diminutive polyps ranges from 0.1%-12%(13). In our cohort there was advanced histology in 2 polyps ≤5 mm, which was not predicted by the performing endoscopist.
The rationalization of the use of pots for colorectal polyps represents only a proportion of the impact that could be made within the endoscopy department. It is known that many unnecessary biopsies are taken at upper GI endoscopy, this includes the biopsy of gastric polyps that have no malignant potential, gastritis and duodenal biopsies in anti- tissue transglutaminase (TTG) negative individuals, to name just a few(14). In addition, some aspects of national guidance may be considered overzealous, with recommended histology acquisition for a range of presentations based on weak level evidence(15,16). Additional scenarios where biopsy pot numbers could be rationalized include sending a colonic series sent on a strip in a single pot, instead of separate pots in the context of inflammatory bowel disease (17). 
Evaluating and optimizing the pathway a sample makes through the histopathology process may be a further opportunity to reduce the carbon foot print of the samples that do require analysis. Potential areas could include using pots that are size appropriate for the tissue samples sent from the endoscopy department, ensuring the recycling of single use components rather than throwing these away and considering the move to reusable materials. Processing small polyps placed in a single pot, as a single block would be associated with an additional saving in work by the laboratory as well as energy consumption.

The main strength of this study was the large sample size encompassing three hospital sites.  We would expect the results obtained to be replicable at other NHS trusts within the UK. We intentionally examined practice prior to the SARS COV-2 pandemic in order to obtain realistic values associated with normal endoscopy activity. The limitations of this study include its retrospective nature. As such we are unable to definitively ascertain the reasons for using separate pots and whether this was intentional on the part of the endoscopist. Further, our cohort was an urban, relatively young, multiethnic population, which is associated with a lower prevalence of polyps and lower incidence of multiple polyps per procedure. As such, the results of this study are likely to be a conservative estimate of the population in general. 
Conclusion
This study has highlighted a modest reduction in GHG production without deleterious patient impact in association with the rationalization of the use of biopsy pots. The reduction in GHG emissions from judicious use of specimen pots would be amplified with a change in practice on a national level and even further if the concept were applied to other aspects of GI endoscopy. This innovation represents a small but significant step towards more sustainable endoscopy.
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