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A B S T R A C T   

Background: The healthcare sector faces increasing pressure to improve environmental sustainability whilst 
continuing to meet the needs of patients. One strategy is to lower the avoidable demand on healthcare services, 
by reducing the number of surgical complications, such as anastomotic leak (AL). The aim of this study was to 
assess the environmental impact associated with the care pathway of AL. 
Methods: An environmental impact assessment was performed according to the Sustainable Healthcare Coalition 
(SHC) guidelines. A care pathway, describing the typical steps involved in the diagnosis and treatment of AL was 
developed. Activity and emission data for each stage of the care pathway were used to calculate the climate, 
water and waste impact of the treatment of AL patients. 
Results: The environmental impact assessment shows that AL is associated with an average climate, water and 
waste impact per patient of 1303 kg CO2-eq, 1803 m3 of water and 123 kg waste, respectively. Grade C leaks are 
associated with the greatest environmental impact, contributing to 89.3 %, 79.4 % and 97.9 % of each impact, 
respectively. A breakdown of the environmental impact of each activity shows that stoma home management is 
the largest contributor to the total climate (46.6 %) and waste (47.3 %) impact of AL patients, whilst in-patient 
hospital stay contributes greatest to the total water impact (46.7 %). 
Conclusions: The treatment of AL is associated with a substantial environmental impact. This study is, to our 
knowledge, the first to assess the environmental impact associated with the treatment of AL.   

Introduction 

In 2016, the World Health Organisation attributed 12.6 million (23 
%) deaths globally to modifiable environmental factors and further 
estimated that nearly a quarter of global disease burden could be pre-
vented through healthier environments [1]. The healthcare sector as a 
whole produces major streams of emissions and waste, either directly or 
indirectly through the materials and services it procures, uses and dis-
poses of [2–4]. Hospitals contribute disproportionately to healthcare's 
climate impact as they are highly energy intensive, consuming more 
electricity and energy for heating per square meter than any other non- 
residential buildings [5,6]. In addition, hospitals consume large 
amounts of resources and generate huge quantities of waste [4,6]. 

Accordingly, healthcare systems globally face a challenge to improve 
their environmental sustainability and reduce their carbon footprint, 

whilst continuing to meet the needs of patients and communities. In 
2020, a precedent was set by the National Health Service (NHS) in En-
gland, one of the world's largest healthcare systems, who published their 
commitment and targets to reduce the NHS carbon footprint to net zero 
by 2040, with the aim of reaching an 80 % reduction of the current 
footprint by 2032 [7]. 

One strategy to improve environmental sustainability of healthcare 
is to reduce the avoidable demand on services whilst maintaining or 
improving health outcomes [8–10]. Anastomotic leak (AL) is a common 
complication of colorectal surgery, in which a defect in the anastomosis 
leads to the leakage of luminal contents from the bowel into the 
abdomen and is associated with an increased risk of infection, and 
increased morbidity and mortality rates [11–15]. As a result patients 
experiencing AL face a higher incidence of hospital readmissions, 
increased length of stay and a greater number of surgical reinterventions 
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[16,17]. Whilst the clinical burden and economic impact of AL have 
been well studied, its environmental impact is less understood. 

The aim of this study was to assess the climate, waste and water 
footprint associated with the care pathway of AL. 

Methods 

AL care patient pathway 

Using the study protocol of the European Society of Coloproctology 
(ESCP) audit [25] and information from relevant literature [17–22], a 
care pathway, describing the typical steps involved in the diagnosis and 
treatment of patients experiencing AL was developed, shown in Fig. 1. 
The grading of AL (Grade A, B and C) and treatment methods for each 
grade were defined from the study protocol of the ESCP audit, a two- 
month prospective audit performed in hospitals across Europe to 
collect data on the demographics, operative details and outcomes of 
patients undergoing colorectal resections [21]. The pathway was scaled 
to represent 100 patients, and follows each step of the care pathway, 
from initial diagnosis through to treatment and hospital discharge. It 
details the treatment pathways for patients with Grade A, Grade B and 
Grade C anastomotic leak, including the number of in-patient stay days 
for all patients and the additional stoma home management required for 
Grade C patients. Data from the 2017 audit by the ESCP [21] were used 
to determine the incidence of each Grade of AL and the length of hospital 
stay. The proportion of patients undergoing CT scan and the split of 
Grade C patients undergoing Hartmann's procedure or ileostomy were 
based on data from relevant literature [17–20,22]. 

All patients suspected of having an AL undergo full blood tests, 
following which they are either sent for surgery or undergo a CT scan for 
confirmation of an AL diagnosis [20,22]. Grade A patients are defined as 
those with relatively minor leaks, who do not require radiological or 
surgical intervention [21,22]. Grade B are those that require radiolog-
ical intervention, in the form of a CT-guided drain [21,22], to remove 
the perianastomotic fluid that collects as a result of AL [20]. Grade C are 
those with the most serious leaks, that require further surgical inter-
vention in the form of an anastomotic revision with protective ileostomy 
or a Hartmann's procedure [11,20,21]. 

Total parental nutrition (TPN; involving a central venous catheter, 
cannula, tubing and TPN bags) is used for patients who cannot be fed 
orally and was estimated to be required in a small proportion (5 %) of all 
AL patients. It was assumed that all patients receive intravenous (IV) 
antibiotics followed by oral antibiotics [23]. Grade C patients requiring 
stoma home management receive this for the relevant duration, with a 
further proportion of those (patients with a protective stoma) requiring 
an additional stoma closure operation. Length of hospital stay was also 
considered in the pathway for all patients. This was stratified by the 
number of general in-patient days and intensive care in-patient days and 
accounted for both initial treatment and readmission(s). No care 
pathway modules were excluded from the care pathway, and all known 
activities are included in the scope of each module. 

Environmental impact assessment 

The Sustainable Healthcare Coalition (SHC) has created an innova-
tive set of guidelines that allows users to consistently appraise 

Fig. 1. Care pathway for the treatment of patients with AL. 
Based on 100 patients experiencing AL. 
Abbreviations: AL: anastomotic leak; CT: computed tomography; ICU: intensive care unit; TPN: total parenteral nutrition. 
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environmental impacts of healthcare treatment pathways [24]. These 
guidelines provide a method for evaluating the environmental (climate, 
water and waste) impact of different care pathway modules using three 
key metrics: greenhouse gas emissions (climate impact), fresh water use 
and waste generated [24]. 

An environmental impact assessment was performed using the pa-
tient pathway (Fig. 1) for AL. All healthcare activities associated with 
each distinct step of the patient pathway were identified. As detailed in 
the SHC guidelines, all distinct activities or services grouped within a 
stage of the pathway were only included if they were required to achieve 
the objective of the stage [24]. Activity and emission data pertaining to 
each stage of the care pathway were then used to calculate the climate, 
water and waste impact of the treatment of AL patients. Emission factors 
for each stage and activity in the care pathway were also obtained from a 
number of different sources, including the SHC Care Pathways guidance 
[24], the ecoinvent Database (for some consumable materials) [25], and 
the Association of the British Pharmaceutical Industry (ABPI) Blister 
Pack Carbon Evaluation Tool [26]. Climate impact was assessed by 
evaluating the greenhouse gas emissions (carbon footprint) associated 
with treatment of AL, and measured using a carbon dioxide equivalent 
metric (kg CO2-eq), which describes the amount (in kilograms) of CO2 
that would have the same global warming potential as the given mixture 
and amount of greenhouse gas emitted. Water impact was assessed by 
evaluating freshwater usage (m3) associated with AL treatment and 
waste impact by evaluating the amount of waste generated during the 
treatment of AL (measured in kg). 

The total climate, water and waste impact associated with the 
treatment of Grade A, B and C patients was calculated using the impact 
values associated with each individual activity and item in the care 
pathway. The relative incidence of each grade of leak was then taken 
into consideration and used to calculate the mean climate, water and 
waste impact of an adult patient undergoing treatment of AL, by aver-
aging the overall impact of the number of patients included in the 
pathway. 

A detailed breakdown of the activity data and emissions data used for 
each item in the care pathway, and information on the data source, can 
be found in Supplementary Table 1. All data were sourced from pub-
lished sources, with the exception of the length of CT-guided drain and 
the proportion of patients receiving TPN. In the absence of published 
data for these activities, estimates from clinical experts were used. 

Results 

Anastomotic leak care pathway 

The pathway showed that the majority (72.0 %) of these patients 
undergo treatment for Grade C leaks, with 20.4 % of patients experi-
encing Grade A leaks and 7.6 % experiencing Grade B leaks. Compared 
with those who do not experience leaks, AL patients were associated 
with an increased length of hospital stay, spending an additional 8.36 
days in general inpatient care and additional 1.50 days in intensive care, 
on average (9.86 additional days in total). Grade C patients who 
required stoma closure, spent a further 4.00 days in hospital following 
readmission. 

Overall environmental impact 

The environmental impact assessment shows that AL is associated 
with an average climate, water and waste impact per patient of 1303 kg 
CO2-eq, 1803 m3 of water and 123 kg waste, respectively. Of the three 
grades of leak, Grade C is associated with the greatest environmental 
impact. The treatment of Grade C leaks contributes to 89.3 %, 79.4 % 
and 97.9 % of the climate, water and waste impact, respectively, relative 
to the other two grades (Table 1). 

A breakdown of the environmental impact of each activity included 
in the care pathway is shown in Table 2. Stoma home management 
represents the largest contributor to the climate impact of AL patients, 
contributing to 46.6 % (607 kg CO2-eq) of the total respective impacts, 
followed by in-patient days (40.8 %, 531 kg CO2-eq) and surgical and 
radiological intervention (8.2 %, 107 kg CO2-eq). Stoma home man-
agement made the greatest contribution to the total waste impact as 
well, accounting for 47.3 % (58.1 kg) of the total waste footprint of AL 
patients. Given its large contribution to the overall environmental 
impact of AL, stoma home management was analysed separately. A 
detailed breakdown shows that the majority of the climate and water 
impact of this item is associated with the manufacture of the ostomy bag 
material (Table 3). A full breakdown of the results can be found in 
Supplementary Table 2, and details of the sources used in Supplemen-
tary Table 1. 

The care pathway item that made the greatest contribution to the 
total water impact was in-patient days, accounting for 46.7 % (841.1 
m3) of the total water footprint of AL patients. A more detailed break-
down of in-patient stay shows that the climate, water and waste impact 

Table 1 
Environmental impact of AL patients.  

Stage Environmental impact of treatment for Grade A, B 
and C leaks 

Contribution to the total 
environmental impact of treatment of 
all Grades of AL 

Incidence Environmental impact per AL patient 

Climate impact 
(kg CO2-eq)a 

Water 
impact (m3)a 

Waste 
impact 
(kg)a 

Climate 
impact 

Water 
impact 

Waste 
impact 

Climate impact 
(kg CO2-eq)b 

Water 
impact 
(m3)b 

Waste 
impact 
(kg)b 

Treatment of 
Grade A leaks 

47.92 138.47 0.87 4.10 % 8.75 % 0.90 % 20.38 %  9.77  28.22  0.18 

Treatment of 
Grade B leaks 

77.63 187.63 1.20 6.64 % 11.86 % 1.24 % 7.58 %  5.89  14.23  0.09 

Treatment of 
Grade C leaks 

1043.54 1256.03 94.63 89.26 % 79.39 % 97.86 % 72.04 %  751.75  904.81  68.17  

AL diagnosis & monitoring  4.60  14.67  0.48 
In-patient days  530.97  841.13  53.89 
Total environmental impact per AL patient  1302.97  1803.06  122.80 

Abbreviations: AL: anastomotic leak; kg CO2-eq: carbon dioxide equivalent (kilograms). 
a Depicts the environmental impact associated with the treatment of each grade of leak. 
b Depicts the contribution of each treatment to the overall environmental impact per AL patient. 
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can be mainly attributed to general in-patient (non-ICU) days (Table 2). 
The environmental impact of in-patient care is largely associated with 
the use of energy and consumables, and is therefore directly related to 
hospital length of stay. AL patients require a greater number of general 
in-patient days, compared with days in the ICU, resulting in these days 
contributing to the majority of the environmental impact associated 
with in-patient stay overall. 

Discussion 

The results of this environmental impact assessment demonstrate 
that the treatment of AL is associated with a substantial environmental 
impact. Reducing one AL could result in an average climate saving of 

1303 kg CO2-eq (equivalent to 5 return flights from London to Rome) 
[27], a water saving of 1803 m3 (equivalent to 17 times the annual water 
use of an average European household) [28] and a waste saving of 123 
kg (equivalent to almost 3 times the monthly waste generation of an 
average European individual) [29]. 

The care pathway analysis described herein demonstrates that AL is 
associated with an increased length of hospital stay and this factor 
makes a substantial contribution to the overall environmental impact of 
the AL care pathway. This finding is aligned with another life cycle 
assessment that demonstrated the association between in-patient hos-
pital stay and environmental footprint [30]. The WHO defines an 
environmentally sustainable health system as one which improves, 
maintains or restores the health of its patients, whilst minimising its 
negative impact on the environment and leveraging opportunities to 
restore and improve it [2]. By identifying and taking action to reduce the 
incidence of AL, hospitals and wider healthcare systems can not only 
improve clinical outcomes for patients, but also make progress towards 
becoming more economically and environmentally sustainable. 
Increased drive amongst healthcare systems to improve their sustain-
ability has led to a growing body of research being conducted around the 
environmental impact associated with activities in the healthcare sector 
[30]. This includes a substantial number of life cycle assessments 
focusing on the impact associated with the use of specific resources and 
equipment, and the environmental impact associated with specific 
medical procedures, such as medical interventions during child birth, 
dialysis and a variety of different types of surgery [30,31]. 

Whilst this research is essential in enhancing our understanding of 
where improvements can be made, there is also a need to identify ways 
in which sustainability targets can be integrated into healthcare 

Table 2 
Breakdown of the environmental impact of each care pathway stage per patient.  

Stage Impact per anastomotic leak patient % contribution to total 

Climate impact (kg CO2- 
eq) 

Water impact 
(m3) 

Waste impact 
(kg) 

Climate 
impact 

Water 
impact 

Waste 
impact 

Monitoring and diagnosis  4.60  14.67  0.48 0.35 % 0.81 % 0.39 % 
CT scan  2.20  7.00  0.14 0.17 % 0.39 % 0.11 % 
Full blood test  2.40  7.66  0.34 0.18 % 0.42 % 0.28 % 

Antibiotics & TPN treatment  47.92  138.47  0.87 3.68 % 7.68 % 0.71 % 
Tablet antibiotics  10.79  28.03  0.03 0.83 % 1.55 % 0.03 % 
IV antibiotics  32.82  103.45  0.17 2.52 % 5.74 % 0.14 % 
IV antibiotics bags  0.27  0.09  0.02 0.02 % 0.01 % 0.02 % 
Syringes  1.30  4.03  0.45 0.10 % 0.22 % 0.37 % 
IV cannula  0.36  0.08  0.02 0.03 % 0.00 % 0.01 % 
IV tubing  0.06  0.05  0.02 0.00 % 0.00 % 0.02 % 
TPN  0.67  0.55  0.11 0.05 % 0.03 % 0.09 % 
Central venous catheter  1.14  2.01  0.01 0.09 % 0.11 % 0.01 % 
TPN - cannula  0.03  0.01  0.00 0.00 % 0.00 % 0.00 % 
TPN - tubing  0.01  0.01  0.00 0.00 % 0.00 % 0.00 % 
TPN bags  0.47  0.16  0.04 0.04 % 0.01 % 0.03 % 

Surgical & Radiological intervention  106.73  187.68  9.44 8.19 % 10.41 % 7.68 % 
CT guided drain  2.25  3.73  0.03 0.17 % 0.21 % 0.02 % 
Hartmann's procedure  43.48  76.56  2.75 3.34 % 4.25 % 2.24 % 
Ileostomy  14.18  24.96  2.75 1.09 % 1.38 % 2.24 % 
Stoma closure operation  46.82  82.44  3.92 3.59 % 4.57 % 3.19 % 

Stoma home management  606.78  620.02  58.13 46.57 % 34.39 % 47.34 % 
Stoma home management: Ostomy bag (stoma-closure 
patient)  

528.52  540.05  50.64 40.56 % 29.95 % 41.23 % 

Stoma home management: Ostomy bag (no-stoma closure 
patient)  

78.26  79.97  7.50 6.01 % 4.44 % 6.11 % 

Patient travel  5.97  1.09  – 0.46 % 0.06 % – 
Patient travel to elective care due to stoma closure 
operation  

5.97  1.09  – 0.46 % 0.06 % – 

In-patient days  530.97  841.13  53.89 40.75 % 46.65 % 43.88 % 
ICU  135.00  205.50  19.50 10.36 % 11.40 % 15.88 % 
General ward  317.76  510.08  27.60 24.39 % 28.29 % 22.47 % 
General ward (due to stoma closure operation)  78.21  125.55  6.79 6.00 % 6.96 % 5.53 % 

Total  1302.97  1803.06  122.80 100.00 % 100.00 % 100.00 % 

Abbreviations: CT: computerised tomography; kg CO2-eq: carbon dioxide equivalent (kilograms); ICU: intensive care unit; IV: intravenous; TPN: total parenteral 
nutrition. 

Table 3 
Detailed breakdown of the contribution of stoma home management to envi-
ronmental impact.  

Stage Impact per AL patient 

Climate impact (kg 
CO2-eq) 

Water impact 
(m3) 

Waste impact 
(kg) 

Ostomy bag material 541 169 0 
Ostomy bag processing 61.9 450 3.50 
Ostomy bag 

transportation 
0.185 0.015 0 

Ostomy bag waste 
management 

3.69 0.229 54.6 

Total 607 620 58.10 

Abbreviations: AL: anastomotic leak; kg CO2-eq: carbon dioxide equivalent 
(kilograms). 
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operations. The integration of environmental performance metrics into 
the existing quality and safety reporting frameworks is one way in which 
to introduce sustainability benchmarking and accountability within 
healthcare systems [31]. Integrating environmental sustainability into 
value-based healthcare reform, through identifying evidence-based best 
practices which take into account environmentally preferable and waste 
sparing practices, will help to introduce environmental stewardship into 
the healthcare quality discourse [31]. In order to do this, clinical best 
practices will need to include considerations of resource efficiency and 
pollution prevention, in addition to optimisation of patient outcomes 
[9,32]. Development of a set of robust and standardised metrics that 
define environmental performance at a number of levels, including for 
individual products, clinical care pathways, providers and entire hos-
pitals and health systems, is therefore required [31]. 

This study is, to our knowledge, the first study to assess the envi-
ronmental impact associated with the treatment of AL. Results from 
studies like these may encourage clinician engagement in order to not 
only reduce the clinical burden on patients, but also make environ-
mental savings [9,32]. 

Limitations 

Whilst this impact assessment was conducted in line with SHC 
guidelines [24], identification of more specific data relating to some of 
the care pathway activities could improve the overall accuracy of the 
environmental impact assessment. Generic drug substance environ-
mental intensity data were used to evaluate the environmental impact of 
the production of antibiotics, and secondary life cycle emission factor 
data were used to characterise the impact of the manufacture of con-
sumables, such as catheters, IV sets, cannulas and ostomy bags (Sup-
plementary Table 1) [25]. Using specific environmental impact data 
relating to the manufacture and supply of antibiotics, TPN and con-
sumables, in addition to gaining an improved understanding of indi-
vidual variation in the use of ostomy bags in home management, could 
improve the accuracy of this assessment. In addition, carrying out spe-
cific audits of material, energy and staff requirements associated with AL 
treatment may further improve the accuracy. 

Emission factors sourced from the ecoinvent database incorporate a 
mix of different electricity sources, based on a European wide average 
[25]. However, impacts associated with energy consumption of specific 
clinical activities (e.g. in-patient stay) were sourced from the Sustain-
able Care Pathways Guidance, which are based on UK electricity sources 
[24]. Therefore, climate impacts from energy consumption for other 
countries could vary due to differences in national electricity grid mixes. 
The AL patient pathway was also developed based on European data 
from the ESCP audit [21] and relevant literature [17–20,22]. In practice, 
the estimations for environmental impact may vary based on the specific 
care pathways of individual hospitals, due to the use of different surgical 
techniques and varying amounts of consumables. The SHC guidelines 
recommend that, where data availability allows, hospitals perform their 
own analyses based on their specific care pathway. However, it is likely 
that the general findings of this study regarding the contribution that 
specific activities of the pathway make to the overall environmental 
impact are likely applicable to wider settings. 

Whilst this study focused specifically on colorectal surgery, the 
findings can be applied more broadly to conclude that efforts to reduce 
the incidence of surgical complications and their severity may lead to 
improvements in the overall environmental sustainability of surgical 
departments. In order to understand how significant these improve-
ments would be, future studies evaluating the environmental impact 
associated with patients undergoing colorectal surgery without com-
plications could be performed. 

The findings from this analysis also provide an indication of the 
environmental impact of patients without surgical complications, who 
still experience aspects of the AL treatment pathway. For example, pa-
tients with left-sided colorectal resection, especially those undergoing 

ultra-low anterior resection would typically receive a protective ileos-
tomy, regardless of whether they experience AL [33]. As this analysis 
has shown, ostomy bags are associated with a significant impact, and it 
is therefore likely that these patients would also have a substantial 
impact on the environment. 

Conclusions 

The treatment of AL is associated with a substantial environmental 
impact. Overall, Grade C leaks are associated with the greatest envi-
ronmental impact of all patients who experience a leak. Within the AL 
care pathway, stoma home management, in-patient days and surgical 
and radiological intervention make the largest contribution to the 
overall climate impact of AL patients. 
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