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The KitNewCare consortium aims to create and manage a comprehensive EU-wide
programme focusing on sustainability in Kidney Care.

The burden of chronic kidney disease is significant and increasing. Around 850 million
people have the disease worldwide and by 2030 6 million will need kidney replacement
therapy, mainly haemodialysis. As the world population gets older, projections for the
end of the century worsen.

From a sustainability perspective, healthcare systems contribute around 5-11% of total
carbon emissions. Kidney care is one of the most resource intensive specialties. In
addition to energy, haemodialysis requires transportation of patients and personnel to
and from facilities, uses large volumes of water and generates significant plastic waste.
Overall, current dialysis is not sustainable in the medium term. Primary prevention,
implementing early diagnosis and treatment of CKD and transplantation will decrease
the need for dialysis, but this will take time and even such measures will not prevent
the need for dialysis in millions of persons.

There is a need to improve knowledge around both the environmental and financial
cost of kidney care and also the social and health outcomes of each patient pathway.
There is a need for workflow optimizations, organisational transformations and
technological innovations across Europe, and a need to learn from different clinical
sites.

KitNewCare will build a European-wide knowledgebase for sustainability in kidney
care, develop and introduce a 4-factor life cycle assessment database for
comprehensive impact analysis, implement optimized processes and organizational
transformations in four European clinical sites. It will pilot innovations from high-tech
small- and medium-sized enterprises with focus on Kidney care, and establish a
network for continuous monitoring, benchmarking, and implementation of sustainable
solutions across healthcare sectors.
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1.1 Abstract

The European Union (EU)-funded KitNewCare consortium aims to create and manage a comprehensive EU-

wide programme focusing on sustainability in Kidney Care.

Around 850 million people have chronic kidney disease (CKD) worldwide and by 2030 6 million will need
kidney replacement therapy, mainly haemodialysis. As the world population gets older, projections for the end

of the century worsen.

From a sustainability perspective, healthcare systems contribute around 5-11% of total carbon emissions.
Kidney care is one of the most resource intensive specialties. In addition to energy, haemodialysis and
peritoneal dialysis require transportation of patients and personnel to and from facilities, uses large volumes of
water and generates significant plastic waste. Overall, current dialysis is not sustainable in the medium term.
Primary prevention, early diagnosis and treatment of CKD and transplantation will decrease the need for

dialysis, but this will take time and will not prevent the need for dialysis in millions of persons.

There is a need to improve knowledge around the environmental and financial cost of kidney care and social and
health outcomes of each patient pathway including using holistic tools such as life cycle assessment (LCA). This
knowledge will allow workflow optimizations, organisational transformations and technological innovations

across Europe, learning from different clinical sites.

KitNewCare will build a European-wide knowledgebase for sustainability in kidney care, develop and introduce
a novel 4 factor database for comprehensive impact analysis, implement optimized processes and organizational
transformations in four European clinical sites. It will also pilot innovations from high-tech small- and medium-
sized enterprises with focus on kidney care, and establish a network for continuous monitoring, benchmarking,
and implementation of sustainable solutions across healthcare sectors. This paper presents the rationale behind
selecting kidney disease as a focal point, summarizes the current state of knowledge, and outlines the

foundational statement underlying KitNewCare's operational framework.

Key words: Green nephrology, sustainability, environmental burden, kidney replacement therapy, dialysis,

kidney care
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1.2 Introduction

The environmental impact of the healthcare systems extends beyond physical infrastructure to encompass the

people, organisations and industries involved—their systems, culture, and practices.

KitNewCare is a pioneering EU Horizon-funded project, aimed at mitigating the environmental, social, and
financial impact of kidney care while optimizing health outcomes. With a focus on sustainability, KitNewCare
leverages its international recognition and expertise to collaborate closely with leading healthcare organizations
and professionals, ensuring effective communication and the prioritization of sustainable initiatives. By
integrating innovative software design and expertise in sustainable healthcare delivery, KitNewCare seeks to
revolutionize kidney care practices. This paper presents the rationale behind selecting kidney disease as a focal
point, elucidates the current state of knowledge, and outlines the foundational statement underlying

KitNewCare's operational framework within this critical domain.

1.3 What is Kitnewcare?

In January 2024, KitNewCare was launched (www.KitNewCare.eu). It is a EU Horizon funded project which

will specifically look at ways of reducing kidney care's environmental, social and financial impact while
optimising health outcomes. KitNewCare members are internationally recognized leaders in the promotion and
implementation of sustainable practices within the healthcare sector (Table S1). Emphasizing a patient-centric
approach, KitNewCare collaborates closely with healthcare professionals affiliated with organizations such as
European Dialysis Transplant Nurse Association/ European Renal Care Association (EDTNA/ERCA), European
Kidney Patients' Federation (EKPF), and the European Kidney Health Alliance (EKHA) to ensure effective
communication (ICONS) and the prioritization of sustainable initiatives. Moreover, their expertise extends to
software design (040 web agency). The Centre for Sustainable Healthcare and Stiftelsen TEM (TEM) are
recognised authorities in sustainable healthcare delivery, with a specialized focus on carbon footprint analysis,
quality improvement and education. Notably, Trinity College Dublin (TCD) has published numerous Life Cycle
Assessments (LCAS) pertaining to healthcare, as well as engaging with social and stakeholder environmental
considerations. Within the clinical realm, KitNewCare includes authors who have made significant contributions

to the advancement of sustainable nephrology on an international scale. Collaborative efforts with industry
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©CO~NOOOTA~AWNPE

leaders such as Bellco/Mozarc Medical, Baxter, BBraun, Aquaporin, and Bilfinger are underway, aiming to

analyze and develop innovative technologies conducive to sustainable healthcare practices.

1.4 The increasing healthcare burden of CKD

There are 850 million people living with kidney disease worldwide and most do not know it*. By 2040, chronic
kidney disease (CKD) is anticipated to rank as the fifth leading global cause of premature mortality, largely due
to population aging and increasing prevalence of risk factors such as diabetes and hypertension.*? In 2017, 1.2
million people died globally from CKD. The global prevalence (all ages) of CKD between 1990 and 2017
increased by 29.3%.3# and the global all-age mortality rate increased 41.5%.% Around 660,000 patients are
currently on kidney replacement therapy (KRT) through dialysis or transplantation in Europe, accounting for a
government expenditure of 13 billion Euros annually, exclusively for Haemodialysis (HD) and Peritoneal

Dialysis (PD).5":89

CKD progresses from risk factors requiring preventive measures, to CKD requiring early diagnosis and
treatment to kidney failure (CKD category G5) requiring KRT for survival, although when life expectancy is
short, conservative management (i.e., no KRT when needed) is an option. Prevention focuses on managing
conditions like diabetes and hypertension and may imply prescription of drugs specifically to delay the onset of
CKD. Early detection entails blood (glomerular filtration rate, GFR) and urine (albuminuria) testing in at-risk

populations. Early treatment includes lifestyle changes and medications (figure 1).

Kidney disease often goes unnoticed for a long time, earning it a reputation of the "silent disease".'° Moreover,
current diagnostic criteria imply that a loss of 50% of kidney function or an increase of albuminuria 5- to 10-
fold above normal has already occurred at detection in many cases, illustrating the existence of a blind spot in
the current diagnostic approaches to CKD.!! Additionally, awareness of CKD among non-nephrologists is still
low.*2%3 Finally, therapeutic strategies for CKD do not restore the lost kidney function and only slow but do not
stop CKD progression.** Indeed, KRT does no restore the baseline risk of premature mortality: life expectancy
on dialysis may be up to 44 years shorter in young women as compared to the general population. (Figure 3).°,%°

These issues should be addressed to reduce mortality and suffering from CKD.

CKD is also associated with adverse outcomes like an increased risk of acute kidney injury (AKI),

cardiovascular disease (CVD), infection, cancer and premature all-cause mortality (Figure 2).1® The KDIGO
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risk heatmap uses colours to illustrate risk for adverse outcomes?’. In general, the increase in risk associated to
lower kidney function (GFR) or higher evidence of kidney injury (albuminuria) runs in parallel for diverse
adverse outcomes. KDIGO heatmap cells in yellow, orange or red represent patients with CKD and increasing
risk of adverse health outcomes conveyed low GFR and/or albuminuria. Additionally, some people within the
green cells may have CKD despite normal GFR and albuminuria if other evidence of kidney damage is present
(e.g., polycystic kidneys on imaging). In natural history, CKD usually evolves from green to yellow to orange to

red cells, i.e., is progressive.

1.5 The environmental burden of healthcare

Healthcare systems contribute around 5-11% of our total carbon emissions, among which kidney care is one of
the most resource intensive specialties. %2 They contribute to their environmental impact through energy and
water consumption, transportation (patients, staff, goods), consumables, e.g. pharmaceuticals, medical devices,

and waste disposal.?

Traditionally, efforts to reduce carbon emissions have focused on healthcare energy consumption in buildings
and on the supply chain. Around 20% of the healthcare carbon footprint stems from building infrastructure such
as heating, air systems, lighting, and water distribution.?? The other contributors to the healthcare carbon
footprint are the supply chain (accounting for up to 75% of the footprint) and healthcare associated travel within

the system.?®

Various reports and initiatives on sustainable healthcare, such as the "Towards a Sustainable Health Workforce
in the World Health Organization (WHO) European Region: Framework for Action™, have outlined overarching

trends, identified barriers, and proposed potential solutions.?*

Achieving a reduction in global carbon emissions and environmental impact while simultaneously enhancing
health outcomes, minimizing social impacts, and managing costs appears achievable in kidney care, based on
previous assessments.?> We need to recognize that healthcare extends beyond physical infrastructure to

encompass the people, organisations and industries involved—their systems, culture, and practices.

KitNewCare will specifically look at ways of reducing kidney care's environmental, social and financial impact

while optimising health outcomes by applying a novel 4-factor approach.
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1.6 Environmental impact of kidney replacement therapy

Kidney care has a disproportionately high environmental burden (in many forms including carbon dioxide
equivalent (CO2-eq) emissions, plastic waste generation, water consumption and others) especially when
hemodialysis is required due to considerable water, energy and single-use plastic expenditures and need for
frequent patient and personnel transportation resulting in annual per-patient emissions between 3.8 and 10.2 ton

CO,-e0.207"

The global annual water consumption of HD has been estimated at 265 million m®/year, of which around two-

thirds is represented by reverse osmosis reject water discharged into the drain.?,2®

PD is often considered to have a milder environmental impact than HD because each treatment has lower carbon
footprint and water consumption even if this may be partly offset by the water and energy needed to produce
dialysate-filled bags and transporting them to multiple private homes periodically (Automated PD (APD) using
a cycler has higher per-patient carbon emissions than manual continuous ambulatory PD (CAPD), owing to both
higher fluid and consumable requirements and the consequent higher transport impacts.® Annual per patient
carbon emissions attributable to the manufacture and disposal of PD fluids and consumables were 1.99 ton CO2-
eq emissions for APD and 1.245 ton CO2-eq emissions for CAPD. Transport impacts varied depending on the
distance between site of manufacture and the home of patients, resulting in a range of total impact of providing
PD of 2.35-4.50 ton CO2-eq emissions for APD and 1.455-2.72 ton CO2-eq emissions for CAPD. Recycling of
polyvinyl chloride (PVC) could reduce emissions by up to 14% for APD and 30% for CAPD, again depending

on the distance between the site of PVVC waste generation and the recycling centre

Table 1 summarizes the environmental burden associated with the delivery of KRT, focusing on specific
contributors to water consumption, energy consumption, greenhouse gas emissions, pollution, and waste

production.

1.7 Social impact of kidney care

The social impacts of kidney care are similar to healthcare and include the impact of product manufacturing and

sourcing as well as the social impact of CKD care across society. Many of our products are sourced from
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countries with different adherence to occupational safety laws, child labour regulations, and mitigating accident
rates, as recently reviewed.3! There are also potential social costs associated with the distribution, and disposal
of kidney care products, including the sourcing of materials, manufacturing processes, distribution, and disposal.
The prevalence of CKD disparities across different socio-economic groups implies that social factors may play a
role in perpetuating both racial and socioeconomic disparities. These socioeconomic implications of CKD and
kidney care pathways may encompass obstacles to employment due to illness, financial burdens on patients and

families, and discrepancies in healthcare access across various demographic groups and geographic regions. %

1.8 Foundational statement underlying KitNewCare's holistic approach to

sustainable kidney care

Based on this background, the foundational statement underlying KitNewCare's holistic approach to sustainable

kidney care is:

1.Healthcare extends beyond physical infrastructure to encompass the people, organisations and industries

involved—their systems, culture, and practices.
2. Kidney care has a disproportionately high environmental burden, especially when dialysis is required

3. Only a holistic approach to environmental sustainability that assesses health outcomes, together with
financial, environmental, and social costs and that encompasses the full life-cycle of items will provide the

knowledge foundation to optimize the environmental burden in real world clinical practice

4. Solutions should also be approached holistically, by designing and maintaining databases and networking that

allows repeated cycles of quality improvement and benchmarking integrated with technological innovation

1.9 What has already been done

Several organisations support the delivery of sustainable healthcare, including Healthcare without Harm
(HCWH), the Health and Environment Alliance (HEAL) and Centre for Sustainable Healthcare (CSH), among

others.

10
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HCWH has introduced a Climate Impact Check-up Tool for members of its Global Green and Healthy Hospitals
network which allows the estimation of greenhouse gas emissions of all the procurement categories as used by
the NHS.3* However this is only for procurement; it allows environmental assessments, but it does not enable

the estimation of financial health outcomes nor social impacts.

HEAL partners with healthcare organizations to advocate for sustainable practices, offering research-based
recommendations and guidance. By raising awareness and driving systemic changes, HEAL aims to reduce
resource consumption, minimize waste, and improve environmental sustainability while maintaining high

standards of patient care.®®

CSH focuses on integrating sustainability principles into healthcare systems to improve patient care while
reducing environmental impact. It develops and promotes sustainable healthcare practices through research,
education, and collaboration with healthcare professionals and institutions. Their efforts include initiatives to
reduce carbon emissions, minimize waste, and enhance the resilience of healthcare services to environmental

challenges.®

1.9.1  General guidance on sustainable kidney care

Various initiatives exist already such as the GREEN-K programme of the International Society of Nephrology®’,
the UK Kidney Association’s Sustainable Kidney Care Committee, the European Renal Association (ERA)

Sustainable Nephrology Task Force initiative (https://www.era-online.org/publications/sustainable-

nephrology-task-force/)® and the Italian Society of Nephrology Green nephrology and eco-dialysis position

statement and its recent national survey.®,*

Recommendations within various guidelines to improve the sustainability of kidney care include giving
preference to renewable energy sources, recycling uncontaminated paper, glass, and plastic, integrating
environmental impact criteria into the assessment checklists for dialysis machines and supplies, and advocating

for eco-friendly approaches in the construction of new facilities.

1.9.2  Environmental checklists for kidney care

The EDTNA/ERCA is raising awareness among healthcare professionals about the environmental impact of
kidney replacement therapy. It introduced an environmental checklist as a web-based app,*! available to help

kidney care centres assess their environmental performance and potential areas for improvement.

11
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1.9.3  Carbon calculator for kidney care

A free online carbon footprint calculator has been designed for in-centre HD units, measuring the overall
footprint and carbon intensity per patient session while pinpointing greenhouse gas emission hotspots.
Developed by the Newcastle renal unit and the Sustainable Healthcare Coalition, and supported by AstraZeneca,
it addresses the disproportionate resource use and environmental impacts associated with the treatment of
kidney failure and enables other centres to assess their own carbon footprints and target areas for change

independently.*?

1.10 In search of holistic solutions: KitNewCare

Despite the recent progress, a more holistic approach is required to increase the odds of success.

KitNewCare plans to build on previous work and to address and mitigate the environmental impacts of kidney
care. Recognizing the need for additional structural changes in various areas, KitNewCare brings together all
relevant stakeholders (table S1) to facilitate change in the environmental burden of kidney care by redesigning
the way kidney care is delivered. KitNewCare will perform an EU-wide mapping of the sustainability of kidney
care by a 4-impact factor database, that assesses health outcome, environmental impact, social impact, and cost.
This EU wide mapping will gather specific data on units of care from all 4 clinical sites, and focus initially on

the Peritoneal and Haemodialysis pathways, including all resources used in these areas

These impacts and current knowledge will be used to develop sustainable workflow and organisational
optimisations using Plan, Do, Study, Act (PDSA) cycles. The project aims to refine and pilot technological
innovations in four clinical sites with the support of small and medium-sized enterprises (SMEs) and large
industry. To capture the sustainability benefits of prevention of kidney disease (or its progression), exemplar
prevention initiatives in European kidney centres will also be analysed. In addition, KitNewcare aims to develop
guidelines and recommendations and an actionable dashboard based on the 4-factor model to monitor and
benchmark interventions and healthcare centres across the four outcomes. Decision makers and healthcare
providers will be informed about KtiNewCare’s insights, solutions and policy recommendations. Finally, a
Sustainability Network with associated pilot sites will be setup as a public-private partnership for training
purposes and upscaling of sustainability solutions beyond the EU-funding period. The entire process will be
informed by intensive stakeholder interaction and a Patient and Public Involvement (PPI) programme to ensure

proper design, uptake, dissemination and exploitation. KitNewCare’s objectives are described in table 2.

12
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1.10.1 Improve knowledge

To make an informed decision to improve kidney care pathways, it is essential to encompass social, economic,
environmental costs, and assessing the health outcomes of each pathway. Such an approach is crucial for
enhancing the environmental and fiscal sustainability of healthcare systems while upholding the delivery of

high-quality care.

At present there is no central database which brings together health outcomes and the triple bottom line

(environmental, social and financial cost) at hospital department or treatment/pathway level. Current knowledge
includes different levels of knowledge on health outcomes, financial, environmental, and social costs. To create
a knowledgebase, academic articles published from 2000 onwards will be reviewed to reflect the advancements

in both kidney care and public health systems as well the rising costs over the past 25 years.

KitNewCare will identify and synthesise existing data related to health outcomes across the kidney care
pathways utilising two approaches. Firstly, conducting both rapid and systematic reviews to identify relevant
peer-reviewed and grey literature reporting health outcomes associated with all care pathways. Search strategies
will be developed and refined with input from information specialists, health economists and clinicians. The
completeness of reporting and quality of identified studies will be assessed using the 24-item Consolidated
Health Economic Evaluation Reporting Standards (CHEERS) checklist*3. Secondly, extracting relevant data
documented by regional and national registries across numerous European countries. These datasets are
collectively contributed to the Annual Report of the Registry of ERA.* A partner EU-funded project,
PREVENTCKD, has been identified that is already collecting additional information on grey literature in

diverse European languages regarding the epidemiology of CKD (https://ekha.eu/preventing-ckd/). These

treatment outcomes will be collected and published alongside the information collected from the LCA costs

1.10.1.1 Financial costs

Financial costs associated with each care pathway will be estimated based on vectors of unit costs and the
volumes of utilisation. The financial costs research be conducted at the 4 sites where solutions/innovations will
subsequently be piloted. A database of unit costs will be developed at all participating clinical sites, utilising
administrative data in the first instance. Where unit costs are not available, these will be estimated using both

top-down (e.g. the cost of in hospital dialysis) and bottom-up (using product costs, resources etc) approaches.

13
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1.10.1.2 Environmental costs

Environmental research will be focused on specific LCA elements relating the entire kidney care pathway. LCA
is the primary method for assessing the environmental impacts of products or processes. The process of
conducting an LCA starts with delineating the objectives and boundaries of the system under examination,
which typically encompasses all stages of a product's life cycle, from raw material extraction to disposal, either
as waste or recycling (figure 4). This full life cycle approach is a key difference with usual estimates of
environmental impact and provides a more holistic approach to the issue. Subsequently, a comprehensive
inventory of material and energy inputs and outputs is compiled, which is then transformed into environmental

impacts using characterization factors.*

1.10.1.3 Social costs

KitNewCare will analyse two types of social costs. The first point concerns the societal impacts of the
manufactured products, such as dialysis solutions, plastic tubing, and disposal bags. For instance, various
countries have distinct laws concerning occupational safety, child labour regulations, and accident rates, some
more robust than others. KitNewCare will evaluate these social costs using Soca V2, which integrates PSILCA
(a novel database for social LCA developed by GreenDelta). PSILCA encompasses extensive generic inventory
data for nearly 15,000 industry sectors and commodities, facilitating the calculation and evaluation of social

impacts throughout product life cycles and the identification of social hotspots. 4’

The second type of social costs relates to the societal outcomes of the patient pathways being considered. These
will be determined using patient and public involvement e.g. using questionnaires and focus groups across the

four clinical centres.

1.10.2 Improve solutions

1.10.2.1 Improve solutions through a quality improvement (QI) approach

Innovation and implementation of pathway/process/workflow improvements, and adoption of new technologies,
can be supported by systematic improvement methodologies which are already applied to other challenges in
complex healthcare systems. These include stakeholder engagement, organisational capability building,
collaborative process redesign and PDSA cycles, combining these established approaches with a comprehensive

framework for evaluating healthcare systems and interventions.*®

14
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KitNewCare will co-develop and pilot optimised workflow processes and organisational transformations in 4
different clinical sites in 4 European countries using PDSA improvement cycles on identified hotspots and best

practices.

1.10.2.2 Improve solutions through a technological innovation approach

Numerous encouraging case studies exist regarding interventions that effectively decrease environmental impact
of kidney care.*® These include advancements in water treatment, such as re-use of reverse osmosis reject water
for alternative purposes, optimising the conversion rate of osmosis units, incorporating forward osmosis for the
production of dialysate, the reuse of spent dialysate e.g. as a fertiliser or irrigation for agriculture and
regeneration of spent dialysate using adsorption systems (applied in portable dialysis devices that are currently
in development), forward osmosis or distillation.>%552535% Advancements in waste reduction include use of
centralized acid concentrate distribution systems in the dialysis centre, reuse of dialyzers and production of
dialysate from tap water at home (for either HD or PD)%°6:57.5859% ‘advancements aimed at decreasing energy
consumption encompass heat exchangers utilizing the heat from outgoing dialysate to warm incoming dialysate
or utilizing the machine’s heat for dialysate warming and use of urea, a by-product, either directly as fuel or as a

source of hydrogen.5

However, up to this point, there has been no systematic testing of multiple interventions at a single site, nor a
deliberate comparison and validation of these applications across various sites or in terms of environmental,
social, clinical, and cost-related outcomes. Consequently, it remains uncertain which interventions are most

effective.

KitNewCare will co-develop and pilot technological innovations working with industries and kidney care
providers in 4 different clinical sites. KitNewCare will collaborate with industrial and academic partners and
end-users to collectively identify, prioritize, select, integrate, and pilot technologies in a co-designed process.
An established ‘innovation challenge methodology’ will be used to guide this process. This innovation challenge
methodology has proven highly effective in promoting technical innovation within healthcare settings. Notable
examples include World’s Greenest healthcare 2030 and the Nordic White Paper on Sustainable healthcare .5
The project will test and benchmark the selected innovations in the 4 clinical sites. The impacts of the new
technologies on health outcomes will be assessed as well as environmental and social impacts and costs. In this
way, KitNewCare aims to provide transferable solutions and tools that may serve as stepping stones for broader,

system-wide transformations.
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1.10.2.3 Improve solutions through the development of the benchmarking tool
There is currently no established practice for systematically gathering and evaluating data on the environmental

and social impact of hospitals, departments, and other healthcare services in Europe.

The Eyefficiency pathway tool estimates the financial and environmental impact and productivity of cataract

surgery. However, it does not integrate health outcomes or any other social impacts beyond productivity. %

KitNewCare will co-develop and maintain a 4-factor LCA database with social, environmental, health, and
financial impacts of kidney care sustainability hotspots. The database will feed into the development of a
KitNewCare 4-factor benchmarking dashboard, an online tool which will measure the environmental, social and
financial impacts and health outcomes of kidney care centres and their different treatment options, thus
empowering them to reduce greenhouse gas emissions, pollution and other environmental impacts and cost, and

add social value while maintaining or improving health outcomes.®

Once finalized, the tool will allow kidney care centres to monitor and benchmark their impacts over time against
other renal centres of similar size and service offer, against centres in their own country or across Europe or
against best practice. It will help centres to identify their own environmental and social hotspots and suggest
solutions how to address them. Moreover, the information provided by the benchmarking tool will help
healthcare organisations and policy makers at national and European level to shift kidney care and other health
and care services to more sustainable practices. Without such a tool, sustainability solutions and
recommendations are not likely to be implemented and EU-Green Deal objectives in the sustainable healthcare

will be difficult.

1.10.3 Improve implementation and upscaling

KitNewCare will combine results into an EU-wide Sustainability Network for continued monitoring,
benchmarking, piloting, upscaling and implementing of sustainability solutions and training of healthcare

professionals, patients, industry as well as healthcare managers and policy makers.

KitNewCare will embark on the development, delivery, and evaluation of online sustainable kidney care
training packages as well as best practice guidance in four languages (English, Spanish, Polish and Italian)
drawing from the cutting-edge Sustainable Kidney Care online training modules crafted by the CSH in English.
Through this initiative, the programme aims to enhance the capacity of kidney care staff in pilot sites to discern

operational changes necessary to tackle unsustainable elements of care. The targeted staff groups for training
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encompass nephrologists, technologists, kidney pharmacists, kidney dieticians, and dialysis nurses. These
resources will be structured as Continuing Professional Development for established and qualified healthcare
practitioners. Educational materials will be made available on an open access online learning platform
meticulously designed to facilitate guided self-study, rooted in established theoretical frameworks of effective

professional education.

An integrated Dissemination, Exploitation and Communication strategy will maximise impacts in terms of
outreach and engagement to support replication, upscaling and uptake. Considering all actors in the kidney care
ecosystem and in line with the value proposition analysis of each result, stakeholders will be segmented
according to the ‘stake’ in the project and its outcomes and classified according to two key variables: interest
and impact to determine the most appropriate outreach and engagement strategy. A multi-layered approach is
pivotal for awareness raising and upscaling at both European level (via online channels, campaigns, media
relations and cooperation with European and international associations representing the different target groups)
and local level with the support of each partner acting as country representative to liaise with local communities
and kidney care ecosystem actors. By intensive stakeholder and end-user involvement in each phase of the
project, it will be possible to deliver information that is relevant and usable for external stakeholders and co-

develop actionable knowledge translated into multiple communication and educational resources.

1.11 Conclusion

Following its foundational statement, KitNewCare proposes kidney care as a demonstrator and catalyst for
developing and testing sustainable healthcare tools, solutions, guidelines, and recommendations. Kidney care,
with its considerable disease burden, substantial sustainability footprint, and a clearly defined ecosystem, offers
a highly suitable use case. Implementing CKD prevention strategies on top of screening campaigns that allow
early diagnosis and treatment of CKD, and transplantation would represent the optimal approach to decrease the
need for KRT and its environmental impact.54 However, once KRT is needed, improving knowledge on
sustainability, solutions and upscaling and implementing these solutions are essential to improve the

sustainability of KRT.
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Moreover, tackling numerous hotspots in kidney care, such as high-water usage, energy consumption, plastic
use, and waste production/management, will generate solutions that can be applied to other health disciplines.
By the project’s conclusion, KitNewCare aims to provide a set of common methodologies and solutions,
validated both technically and by end-users across four clinical sites, together with a model for driving

implementation at a larger scale.
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Figure legends

Figure 1: Natural history of chronic kidney disease and potential for intervention

Figure 2. Prevalence of the different CKD categories presented in the KDIGO risk heatmap.

Figure 3. Years of life expectancy lost in European women on kidney replacement therapy as compared to the

general population. Data from ERA?®

Figure 4. Life cycle assessment (LCA) paradigm for assessing environmental impact.
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1.1 Abstract

The European Union (EU)-funded KitNewCare consortium aims to create and manage a comprehensive EU-

wide programme focusing on sustainability in Kidney Care.

Around 850 million people have chronic kidney disease (CKD) worldwide and by 2030 6 million will need
kidney replacement therapy, mainly haemodialysis. As the world population gets older, projections for the end

of the century worsen.

From a sustainability perspective, healthcare systems contribute around 5-11% of total carbon emissions.
Kidney care is one of the most resource intensive specialties. In addition to energy, haemodialysis and
peritoneal dialysis requires transportation of patients and personnel to and from facilities, uses large volumes of
water and generates significant plastic waste. Overall, current dialysis is not sustainable in the medium term.
Primary prevention, early diagnosis and treatment of CKD and transplantation will decrease the need for

dialysis, but this will take time and will not prevent the need for dialysis in millions of persons.

There is a need to improve knowledge around the environmental and financial cost of kidney care and social and
health outcomes of each patient pathway including using holistic tools such as 4-facter-life cycle assessment (4~
LCA). This knowledge will allow workflow optimizations, organisational transformations and technological

innovations across Europe, learning from different clinical sites.

KitNewCare will build a European-wide knowledgebase for sustainability in kidney care, develop and introduce
a novel 4 factor-CGA database for comprehensive impact analysis, implement optimized processes and
organizational transformations in four European clinical sites. It will also pilot innovations from high-tech
small- and medium-sized enterprises with focus on kidney care, and establish a network for continuous
monitoring, benchmarking, and implementation of sustainable solutions across healthcare sectors. This paper
presents the rationale behind selecting kidney disease as a focal point, summarizes the current state of

knowledge, and outlines the foundational statement underlying KitNewCare's operational framework.

Key words: Green nephrology, sustainability, environmental burden, kidney replacement therapy, dialysis,

kidney care



1.2 Introduction

The environmental impact of the Hhealthcare (HC)-systems extends beyond physical infrastructure to

encompass the people, organisations and industries involved—their systems, culture, and practices.

KitNewCare is a pioneering EU Horizon-funded project, aimed at mitigating the environmental, social, and
financial impact of kidney care while optimizing health outcomes. With a focus on sustainability, KitNewCare
leverages its international recognition and expertise to collaborate closely with leading healthcare organizations
and professionals, ensuring effective communication and the prioritization of sustainable initiatives. By
integrating innovative software design and expertise in sustainable healthcare delivery, KitNewCare seeks to
revolutionize kidney care practices. This paper presents the rationale behind selecting ki dney disease as a focal
point, elucidates the current state of knowledge, and outlines the foundational statement underlying

KitNewCare's operational framework within this critical domain.

1.3 What ise-are Kitnewcare?

In January 2024, KitNewCare was launched (www.KitNewCare.eu). It is a EU Horizon funded project which

will specifically look at ways of reducing kidney care's environmental, social and financial impact while
optimising health outcomes. KitNewCare members are internationally recognized leaders in the promotion and
implementation of sustainable practices within the healthcare sector (Table S1). Emphasizing a patient-centric
approach, KitNewCare collaborates closely with healthcare professionals affiliated with organizations such as
European Dialysis Transplant Nurse Association/ European Renal Care Association (EDTNA/ERCA), European
Kidney Patients' Federation (EKPF), and the European Kidney Health Alliance (EKHA) to ensure effective
communication (ICONS) and the prioritization of sustainable initiatives. Moreover, their expertise extends to
software design (040 web agency). The Centre for Sustainable Healthcare and Stiftelsen TEM (TEM) are
recognised authorities in sustainable healthcare delivery, with a specialized focus on carbon footprint analysis,
quality improvement and education. Notably, Trinity College Dublin (TCD) has published numerous Life Cycle
Assessments (LCAs) pertaining to healthcare, as well as engaging with social and stakeholder environmental
considerations. Within the clinical realm, KitNewCare includes authors who have made significant contributions

to the advancement of sustainable nephrology on an international scale. Collaborative efforts with industry
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leaders such as Bellco/Mozarc Medical, Baxter, BBraun, Aquaporin, and Bilfinger are underway, aiming to

analyze and develop innovative technologies conducive to sustainable healthcare practices.

1.4 The increasing healthcare burden of CKD

There are 850 million people living with chronic-kidney disease (CKD)-worldwide and most do not know itt.

By 2040, chronic kidney disease (CKD) is anticipated to rank as the fifth leading global cause of premature

mortality, largely attributed-due to population aging and increasing prevalence of risk factors such as diabetes

and hypertension
In 2017, 1.2 million people died globally from CKD. The global prevalence (all ages) of CKD between 1990

and 2017 increased by 29.3%.%“ and the global all-age mortality rate from-Ci<D-increased 41.5% between-the

such-as-diabetes-and-hypertension—Around 660,000 patients underge-are currently on kidney replacement

therapy (KRT) through dialysis or transplantation in Europe, accounting for a government expenditure of 13

billion Euros annually, exclusively for Haemodialysis (HD) and Peritoneal Dialysis (PD).5"89

CKD progresses from risk factors requiring preventive measures, to CKD requiring early diagnosis and

treatment to kidney failure (CKD category G5) requiring KRT for survival, although when life expectancy is

short, conservative management (i.e., no KRT when needed) is an option. Prevention focuses on managing

conditions like diabetes and hypertension and may imply prescription of drugs specifically to delay the onset of

CKD. Early detection threugh-entails blood Early-detection-oF CkD-through-bloed-(glomerular filtration rate,
GFR) and-urine-(albuminuria)-tests-is-erucial- to-improve-euteomes—and urine (albuminuria) testing in at-risk

populationss-is-erueial, Early tFreatment includes lifestyle changes and; medications;-and.-in-advanced-cases;
transplantation-or-dialysis-for improved-survival-and-quality-of-life (figure 1).

Kidney disease often goes unnoticed for a long time, earning it a reputation of the "silent disease".X° Moreover,
current diagnostic criteria imply that a loss of 50% of kidney function or an increase of albuminuria 5- to 10-
fold above normal has already occurred at detection in many cases, illustrating the existence of a blind spot in
the current diagnostic approaches to CKD.** Additionally, awareness of CKD among non-nephrologists is still
low.*213 Finally, therapeutic strategies for CKD do not restore the lost kidney function and only slow but do not

stop CKD progression.*# Indeed, KRT does no restore the baseline risk of premature mortality: life expectancy




on dialysis may be up to 44 years shorter in young women as compared to the general population. (Figure 3).2,15

These issues should be addressed to reduceAs-a-censequence;-the-health-burden-of CKDB-is-inereasing-both-in
terms-of mortality and efsuffering from CKD.

CKD is also associated with adverse outcomes like an increased risk of acute kid ney injury (AKI),

cardiovascular disease (CVD), infection, cancer and premature all-cause mortality (Figure 2).6 The KDIGO
risk heatmap uses colours to illustrate risk for adverse outcomes'’. In general, the increase in risk associated to
lower kidney function (glomerularfilirationrate-GFR) or higher evidence of kidney injury (albuminuria) runs

in parallel for diverse adverse outcomes-ranging-from-premature-death-te-need-for KRT. KDIGO heatmap cCells
in yellow, orange or red represent patients with CKD because-of-lew-GFR-and/er-albuminuria-and increasing

risk of adverse health outcomes _conveyed low GFR and/or albuminuria. Additionally, some people within the

green cells may have CKD despite normal GFR and albuminuria if other evidence of kidney damage is present

(e.g., polycystic kidneys on imaging). In natural history, CKD usually evolves from green to yellow to orange to

red cells, i.e., is progressive.

1.5 The environmental burden of healthcare

Healthcare {HC)-systems contribute around 5-11% of our total carbon emissions, among which kidney care is

one of the most resource intensive specialties.!®2%2! TheyHC systems contribute to their environmental impact



through energy and water consumption, transportation (ef-patients, staff, and-goods), consumables, e.g.

pharmaceuticals, medical devices, and waste disposal.??

Traditionally, efforts to reduce carbon emissions have focused on HEhealthcare energy consumption in
buildings and on the supply chain. Around 20% of the HChealthcare carbon footprint stems from building
infrastructure such as heating, air systems, lighting, and water distribution.?® The other contributors to the
HEChealthcare carbon footprint are the supply chain (accounting for up to 75% of the footprint) and

HcChealthcare associated travel within the system.?*

Various reports and initiatives on sustainable HChHealthcare, such as the "Towards a Sustainable Health
Workforce in the World Health Organization (WHO) European Region: Framework for Action", have outlined

overarching trends, identified barriers, and proposed potential solutions.?®

Achieving a reduction in global carbon emissions and environmental impact while simultaneously enhancing
health outcomes, minimizing social impacts, and managing costs appears achievable in kidney care, based on
previous assessments.?® We need to recognize that HChealthcare extends beyond physical infrastructure to

encompass the people, organisations and industries involved—their systems, culture, and practices.

KitNewCare will specifically look at ways of reducing kidney care's environmental, social and financial impact

while optimising health outcomes by applying a novel 4-factor --CA-approach.

1.6 Environmental impact of kidney replacement therapy

Kidney care has a disproportionately high environmental burden (in many forms including carbon dioxide
equivalent emissiens(CO-eq) emissions, plastic waste generation, water consumption and others) especially
when hemodialysis is required due to considerable water, energy and single-use plastic expenditures and need
for frequent patient and personnel transportation resulting in annual per-patient emissions between 3.8 and 10.2

ton CO,-eq.2"28

The global annual water consumption of HD has been estimated at 265 million m%/year, of which around two-

thirds is represented by reverse osmosis reject water discharged into the drain.2?,30



Although-PD is often considered to have a milder environmental impact than HD because each treatment has
lower carbon footprint and water consumption;-thi even if this may be partly offset by the water and energy

needed to produce dialysate-filled bags and transporting them to multiple private homes periodically|()tikely

leadingto-an-overall-environmental-impact-similarto-HD.3! Automated PD (APD) using a cycler has higher per-

patient carbon emissions than manual continuous ambulatory PD (CAPD), owing to both higher fluid and

consumable requirements and the consequent higher transport impacts (PMID: 38671537).

-Annual per patient carbon emissions attributable to the manufacture and disposal of PD fluids and consumables

were 1:.992 tonkg CO-2--equivalent emissions for APD and 1:.245 kgton CO-2--equivalent emissions for CAPD.

Commented [ao1]: Grafals M, Sanchez R. The
environmental impact of dialysis vs transplantation. Am J
Transplant 2016; 16: C74
https://atcmeetingabstracts.com/abstract/the-environmental-
impact-of-dialysis-vs-transplantation/

Transport impacts varied depending on the distance between site of manufacture of PD-fluids-and-consumables

and the home state-of the-patients, —As-a-resulting ~the-in a range of total impact of providing PD alse-differed

by-Australian-stateranging-fromof 2:.350-4.;50 ton3-kg- CO-2--equivalent emissions for APD and frem-1:.455-

2..72 toni6-kg CO-2--equivalent emissions for CAPD. Recycling of polyvinyl chloride (PVC) could reduce

emissions by up to 14%-percent for APD and 30%-percent for CAPD, again depending on the distance between

the site of PVC waste generation and the recycling centre

Table 1 summarizes the environmental burden associated with the delivery of KRT, focusing on specific
contributors to water consumption, energy consumption, greenhouse gas emissions, pollution, and waste

production.

1.7 Social impact of kidney care

The social impacts of kidney care are similar to HC-healthcare and include the impact of product manufacturing
and sourcing as well as the social impact of CKD care across society. Many of our products are sourced from
countries with different adherence to occupational safety laws, child labour regulations, and mitigating accident
rates, as recently reviewed.3? There are also potential social costs associated with the distribution, and disposal
of kidney care products, including the sourcing of materials, manufacturing processes, distribution, and disposal.
The prevalence of CKD disparities across different socio-economic groups implies that social factors may play a
role in perpetuating both racial and socioeconomic disparities. These socioeconomic implications of CKD and

kidney care pathways may encompass obstacles to employment due to illness, financial burdens on patients and
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families, and discrepancies in healthcare HE-access across various demographic groups and geographic

regions.3,34

1.8 Foundational statement underlying KitNewCare's holistic approach to

sustainable kidney care

Based on this background, the foundational statement underlying KitNewCare's holistic approach to sustainable

kidney care is:

1.H-ealthcare HE-extends beyond physical infrastructure to encompass the people, organisations and industries

involved—their systems, culture, and practices.
2. Kidney care has a disproportionately high environmental burden, especially when dialysis is required

3. Only a holistic approach to environmental sustainability that assesses health outcomes, together with
financial, environmental, and social costs and that encompasses the full life-cycle of items will provide the

knowledge foundation to optimize the environmental burden in real world clinical practice

4. Solutions should also be approached holistically, by designing and maintaining databases and networking that

allows repeated cycles of quality improvement and benchmarking integrated with technological innovation

1.9 What has already been done

Several organisations support the delivery of sustainable healthcare, including Healthcare without Harm
(HCWH), the Health and Environment Alliance (HEAL) and Centre for Sustainable Healthcare (CSH), among

others.

HCWH has introduced a Climate Impact Check-up Tool for members of its Global Green and Healthy Hospitals
network which allows the estimation of greenhouse gas emissions of all the procurement categories as used by
the NHS.35 However this is only for procurement; it allows environmental assessments, but it does not enable

the estimation of financial health outcomes nor social impacts.

HEAL partners with healthcare organizations to advocate for sustainable practices, offering research-based

recommendations and guidance. By raising awareness and driving systemic changes, HEAL aims to reduce
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resource consumption, minimize waste, and improve environmental sustainability while maintaining high

standards of patient care.36

CSH focuses on integrating sustainability principles into healthcare systems to improve patient care while
reducing environmental impact. It develops and promotes sustainable healthcare practices through research,
education, and collaboration with healthcare professionals and institutions. Their efforts include initiatives to
reduce carbon emissions, minimize waste, and enhance the resilience of healthcare services to environmental

challenges.®’

1.9.1  General guidance on sustainable kidney care

Various initiatives exist already such as the GREEN-K programme of the International Society of Nephrology 38,
the UK Kidney Association’s Sustainable Kidney Care Committee, the European Renal Association (ERA)

Sustainable Nephrology Task Force initiative (https://www.era-online.org/publications/sustainable-

nephrology-task-force/)3® and the Italian Society of Nephrology Green nephrology and eco-dialysis position

statement and its recent national survey.*?,4!

Recommendations within various guidelines to improve the sustainability of kidney care include giving
preference to renewable energy sources, recycling uncontaminated paper, glass, and plastic, integrating
environmental impact criteria into the assessment checklists for dialysis machines and supplies, and advocating

for eco-friendly approaches in the construction of new facilities.

1.9.2  Environmental checklists for kidney care

The EDTNAJ/ERCA is raising awareness among healthcare HE-professionals about the environmental impact of
kidney replacement therapy. It introduced an environmental checklist as a web-based app,*? available to help

kidney care centres assess their environmental performance and potential areas for improvement.

1.9.3  Carbon calculator for kidney care

A free online carbon footprint calculator has been designed for in-centre HD units, measuring the overall
footprint and carbon intensity per patient session while pinpointing greenhouse gas emission hotspots.
Developed by the Newcastle renal unit and the Sustainable Healthcare Coalition, and supported by AstraZeneca,
it addresses the disproportionate resource use and environmental impacts associated with the treatment of
kidney failure and enables other centres to assess their own carbon footprints and target areas for change

independently.*®
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1.10 Insearch of holistic solutions: KitNewCare

Despite the recent progress, a more holistic approach is required to increase the odds of success.

KitNewCare plans to build on previous work and to address and mitigate the environmental impacts of kidney
care. Recognizing the need for additional structural changes in various areas, KitNewCare brings together all
relevant stakeholders (table S1) to facilitate change in the environmental burden of kidney care by redesigning
the way kidney care is delivered. KitNewCare will perform an EU-wide mapping of the sustainability of kidney
care by a 4-impact factor database-=CA, that assesses health outcome, environmental impact, social impact, and

cost. This EU wide mapping will gather specific data on units of care from all 4 clinical sites, and focus initially

on the Peritoneal and Haemodialysis pathways, including all resources used in these areas

These impacts and current knowledge Berived-insights-hotspets-and-selution-directions-will be used to develop
sustainable workflow and organisational optimisations using Plan, Do, Study, Act (PDSA) cycles. The project
aims to refine and pilot technological innovations in four clinical sites with the support of small and medium-
sized enterprises (SMEs) and large industry. To capture the sustainability benefits of prevention of kidney
disease (or its progression), exemplar prevention initiatives in European kidney centres will also be analysed. In
addition, KitNewcare aims to develop guidelines and recommendations and an actionable dashboard based on
the 4-factor £GA-model to monitor and benchmark interventions and healthcare centres across the four
outcomes. Decision makers and healthcare providers will be informed about KtiNewCare’s insights, solutions
and policy recommendations. Finally, a Sustainability Network with associated pilot sites will be setup as a
public-private partnership for training purposes and upscaling of sustainability solutions beyond the EU -funding
period. The entire process will be informed by intensive stakeholder interaction and a Patient and Public
Involvement (PPI) programme to ensure proper design, uptake, dissemination and exploitation. KitNewCare’s

objectives are described in table 2.

1.10.1 Improve knowledge
To make an informed decision to improve kidney care pathways, it is essential to encompass social, economic,

environmental costs, and assessing the health outcomes of each pathway. Such an approach is crucial for
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enhancing the environmental and fiscal sustainability of healthcare HE-systems while upholding the delivery of

high-quality care.

At present there is no central database which brings together health outcomes and the triple bottom line

(environmental, social and financial cost) at hospital department or treatment/pathway level. Current knowledge
includes different levels of knowledge on health outcomes, financial, environmental, and social costs. To create
a knowledgebase, academic articles published from 2000 onwards will be reviewed to reflect the advancements

in both kidney care and public health systems as well the rising costs over the past 25 years.

KitNewCare will identify and synthesise existing data related to health outcomes across the kidney care
pathways utilising two approaches. Firstly, conducting both rapid and systematic reviews to identify relevant
peer-reviewed and grey literature reporting health outcomes associated with all care pathways. Search strategies
will be developed and refined with input from information specialists, health economists and clinicians. The
completeness of reporting and quality of identified studies will be assessed using the 24-item Consolidated
Health Economic Evaluation Reporting Standards (CHEERS) checklist*4. Secondly, extracting relevant data
documented by regional and national registries across numerous European countries. These datasets are
collectively contributed to the Annual Report of the Registry of ERA.*> A partner EU-funded project,
PREVENTCKD, has been identified that is already collecting additional information on grey literature in

diverse European languages regarding the epidemiology of CKD (https://ekha.eu/preventing-ckd/). These

treatment outcomes will be collected and published alongside the information collected from the LCA costs

1.10.1.1 Financial costs
Financial costs associated with each care pathway will be estimated based on vectors of unit costs and the

volumes of utilisation. The financial costs research be conducted at the 4 sites where solutions/innovations will

subsequently be piloted. A database of unit costs will be developed at all participating clinical sites, utilising

administrative data in the first instance. Where unit costs are not available, these will be estimated using both

top-down (e.g. the cost of in hospital dialysis) and bottom-up (using product costs, resources etc) approaches.

1.10.1.2 Environmental costs

Environmental research will be focused on specific LCA elements relating the entire kidney care pathway. LCA
is the primary method for assessing the environmental impacts of products or processes. The process of
conducting an LCA starts with delineating the objectives and boundaries of the system under examination,

which typically encompasses all stages of a product's life cycle, from raw material extraction to disposal, either
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as waste or recycling (figure 4). This full life cycle approach is a key difference with usual estimates of
environmental impact and provides a more holistic approach to the issue. Subsequently, a comprehensive
inventory of material and energy inputs and outputs is compiled, which is then transformed into environmental

impacts using characterization factors.*

1.10.1.3 Social costs

KitNewCare will analyse two types of social costs. The first point concerns the societal impacts of the

manufactured products, such as dialysis solutions, plastic tubing, and disposal bags . Fhe-first-pertains-to-the

societa-imphications-of the-products-being-manufactured—For instance, various countries have distinct laws
concerning occupational safety, child labour regulations, and accident rates, some more robust than others.
KitNewCare will evaluate these social costs using Soca V2, which integrates PSILCA (a novel database for
social LCA developed by GreenDelta). PSILCA encompasses extensive generic inventory data for nearly
15,000 industry sectors and commaodities, facilitating the calculation and evaluation of social impacts throughout

product life cycles and the identification of social hotspots.*"#8

The second type of social costs relates to the societal outcomes of the patient pathways being considered. These
will be determined using patient and public involvement e.g. using questionnaires and focus groups across the

four clinical centres.

1.10.2 Improve solutions

1.10.2.1 Improve solutions through a quality improvement (QI) approach

Innovation and implementation of pathway/process/workflow improvements, and adoption of new technologies,
can be supported by systematic improvement methodologies which are already applied to other challenges in
complex healthcare HG-systems. These include stakeholder engagement, organisational capability building,
collaborative process redesign and PDSA cycles, combining these established approaches with a comprehensive

framework for evaluating healthcare systems and interventions.*®

KitNewCare will co-develop and pilot optimised workflow processes and organisational transformations in 4
different clinical sites in 4 European countries using PDSA improvement cycles on identified hotspots and best

practices.
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1.10.2.2 Improve solutions through a technological innovation approach

Numerous encouraging case studies exist regarding interventions that effectively decrease environmental impact
of kidney care.*° These include advancements in water treatment, such as re-use of reverse osmosis reject water
for alternative purposes, optimising the conversion rate of osmosis units, incorporating forward osmosis for the
production of dialysate, the reuse of spent dialysate e.g. as a fertiliser or irrigation for agriculture and
regeneration of spent dialysate using adsorption systems (applied in portable dialysis devices that are currently
in development), forward osmosis or distillation.552535455 Advancements in waste reduction include use of
centralized acid concentrate distribution systems in the dialysis centre, reuse of dialyzers and production of
dialysate from tap water at home (for either HD or PD)%:57:585960 advancements aimed at decreasing energy
consumption encompass heat exchangers utilizing the heat from outgoing dialysate to warm incoming dialysate
or utilizing the machine’s heat for dialysate warming and use of urea, a by-product, either directly as fuel or as a

source of hydrogen.5!

However, up to this point, there has been no systematic testing of multiple interventions at a single site, nor a
deliberate comparison and validation of these applications across various sites or in terms of environmental,
social, clinical, and cost-related outcomes. Consequently, it remains uncertain which interventions are most

effective.

KitNewCare will co-develop and pilot technological innovations working with industries and kidney care
providers in 4 different clinical sites. KitNewCare will collaborate with industrial and academic partners and
end-users to collectively identify, prioritize, select, integrate, and pilot technologies in a co-designed process.
An established ‘innovation challenge methodology” will be used to guide this process. This innovation challenge
methodology has proven highly effective in promoting technical innovation within healthcare settings. Notable
examples include World’s Greenest healthcare HE-2030 and the Nordic White Paper on Sustainable healthcare
HC.% The project will test and benchmark the selected innovations in the 4 clinical sites. The impacts of the
new technologies on health outcomes will be assessed as well as environmental and social impacts and costs. In
this way, KitNewCare aims to provide transferable solutions and tools that may serve as stepping stones for

broader, system-wide transformations.

1.10.2.3 Improve solutions through the development of the benchmarking tool
There is currently no established practice for systematically gathering and evaluating data on the environmental

and social impact of hospitals, departments, and other healthcare HE-services in Europe.

16



The Eyefficiency pathway tool estimates the financial and environmental impact and productivity of cataract

surgery. However, it does not integrate health outcomes or any other social impacts beyond productivity. &

KitNewCare will co-develop and maintain a 4-factor LCA database with social, environmental, health, and
financial impacts of kidney care sustainability hotspots. The database will feed into the development of a
KitNewCare 4-factor benchmarking dashboard, an online tool which will measure the environmental, social and
financial impacts and health outcomes of kidney care centres and their different treatment options, thus
empowering them to reduce greenhouse gas emissions, pollution and other environmental impacts and cost, and

add social value while maintaining or improving health outcomes. 54

Once finalized, the tool will allow kidney care centres to monitor and benchmark their impacts over time against
other renal centres of similar size and service offer, against centres in their own country or across Europe or
against best practice. It will help centres to identify their own environmental and social hotspots and suggest
solutions how to address them. Moreover, the information provided by the benchmarking tool will help
healthcare organisations and policy makers at national and European level to shift kidney care and other health
and care services to more sustainable practices. Without such a tool, sustainability solutions and
recommendations are not likely to be implemented and EU-Green Deal objectives in the sustainable healthcare

will be difficult.

1.10.3 Improve implementation and upscaling

KitNewCare will combine results into an EU-wide Sustainability Network for continued monitoring,
benchmarking, piloting, upscaling and implementing of sustainability solutions and training of healthcare

professionals, patients, industry as well as healthcare managers and policy makers.

KitNewCare will embark on the development, delivery, and evaluation of online sustainable kidney care
training packages as well as best practice guidance in four languages (English, Spanish, Polish and Italian)
drawing from the cutting-edge Sustainable Kidney Care online training modules crafted by the CSH in English.
Through this initiative, the programme aims to enhance the capacity of kidney care staff in pilot sites to discern
operational changes necessary to tackle unsustainable elements of care. The targeted staff groups for training
encompass nephrologists, technologists, kidney pharmacists, kidney dieticians, and dialysis nurses. These
resources will be structured as Continuing Professional Development for established and qualified healthcare

practitioners. Educational materials will be made available on an open access online learning platform
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meticulously designed to facilitate guided self-study, rooted in established theoretical frameworks of effective

professional education.

An integrated Dissemination, Exploitation and Communication strategy will maximise impacts in terms of
outreach and engagement to support replication, upscaling and uptake. Considering all actors in the kidney care
ecosystem and in line with the value proposition analysis of each result, stakeholders will be segmented
according to the ‘stake’ in the project and its outcomes and classified according to two key variables: interest
and impact to determine the most appropriate outreach and engagement strategy . A multi-layered approach is
pivotal for awareness raising and upscaling at both European level (via online channels, campaigns, media
relations and cooperation with European and international associations representing the different target groups)
and local level with the support of each partner acting as country representative to liaise with local communities
and kidney care ecosystem actors. By intensive stakeholder and end-user involvement in each phase of the
project, it will be possible to deliver information that is relevant and usable for external stakeholders and co -

develop actionable knowledge translated into multiple communication and educational resources.

1.11 Conclusion

Following its foundational statement, KitNewCare proposes kidney care as a demonstrator and catalyst for
developing and testing sustainable healthcare HE-tools, solutions, guidelines, and recommendations. Kidney
care, with its considerable disease burden, substantial sustainability footprint, and a clearly defined ecosystem,
offers a highly suitable use case. Implementing CKD prevention strategies on top of screening campaigns that
allow early diagnosis and treatment of CKD, and transplantation would represent the optimal approach to
decrease the need for KRT and its environmental impact.5® However, once KRT is needed, improving
knowledge on sustainability, solutions and upscaling and implementing these solutions are essential to improve

the sustainability of KRT.

Moreover, tackling numerous hotspots in kidney care, such as high-water usage, energy consumption, plastic
use, and waste production/management, will generate solutions that can be applied to other health disciplines.

By the project’s conclusion, KitNewCare aims to provide a set of common methodologies and solutions,
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validated both technically and by end-users across four clinical sites, together with a model for driving

implementation at a larger scale.
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Figure legends

Figure 1: Natural history of chronic kidney disease and potential for intervention

Figure 2. Prevalence of the different CKD categories presented in the KDIGO risk heatmap.

Figure 3. Years of life expectancy lost in European women on kidney replacement therapy as compared to the

general population. Data from ERA®

Figure 4. Life cycle assessment (LCA) paradigm for assessing environmental impact.
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Comments

Our response/edit

COMMENTS FOR THE AUTHOR:

Reviewer #1: Thank you to the authors for
submitting this manuscript which functions as a
commentary/position paper for this new initiative.
It is well conceptualised and written.

1) The table numbering needs correction. Table 2
is duplicated as Table 3.

Removed duplicate table! Sorry ©

2) The figure numbering and inclusion needs
correction. Three figures are included but four are
listed.

Renamed figures- also sorry!

3) Please also revise the visual abstract to improve
its readability and alignment to the template
JNeph visual abstract.

Saved as grey version to comply

Reviewer #2: This paper details KitNewCare, an
EU-funded project which has the overarching aim
of reducing kidney care's environmental, social,
and financial impact while optimising health
outcomes. It is a project of impressive scale and
one that the kidney care community should be
aware of. However, | have a number of concerns
about the paper, as outlined below.

Thanks

* Overall, | found it quite hard to follow. For
instance, it is stated that KitNewCare will
undertake a 4-impact factor LCA that assesses
health outcome, environmental impact, social
impact, and cost. The health outcome,
environmental impact, social impact, and cost of
what facet of kidney care?

All stages?

All CKD 5 treatment pathways?

Targeted areas?

Will the LCAs be undertaken at the 4 sites where
solutions will be piloted? '

Changed 4 impact factor LCA to 4 impact
factor...

Added this sentence to clarify “This EU
wide mapping will gather specific data
on units of care from all 4 clinical sites,
and focus initially on the Peritoneal
and Haemodialysis pathways,
including all resources used in these
areas”

There is also a fair bit of jargon - e.g. there is a
line that says Derived insights hotspots and
solution directions will be used to develop
sustainable workflow and organisational

Changed to “These impacts and current
knowledge”
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optimisations with Plan, Do, Study, Act (PDSA)
cycles'.
What are derived insight hotspots?

And solution directions?

| wonder if the paper could be simplified so that
its content is more accessible to the average
reader.

Removed solutions directions

* In the abstract, HD and its impact are
specifically mentioned. Reference should be made
to PD as well

In addition to energy, haemodialysis
and peritoneal dialysis require
transportation of patients and
personnel to and from facilities,

| found the 'Who are KitNewCare' section
confusing. This implies that KitNewCare is/are
people rather than an initiative.

Do the initials belong to people involved in or
driving KitNewCare?

Changed to What is Kithewcare?

There are also lots of other abbreviations in this
section that need to be written in full at first
mention to make them understandable (e.g.
ICONS, 040, TEM, TCD, as well as the
organisations - EDTNA/ERCA, EKHA, EKPF).

Checked these:

TCD- first mentioned page 7 and was
written in full,

European Dialysis Transplant Nurse
Association/ European Renal Care
Association (EDTNA/ERCA)- first
mentioned page 7 and was written in full,
, EKHA- first mentioned page 7 and was
written in full,

EKPF- first mentioned page 7 and was
written in full,

Stiftelsen TEM (TEM)- added

ICONS = is not an acronym, its just an
organisation written in capitals

040= is also not an acronym

The section titled 'The healthcare burden of CKD'
is repetitive in parts. Could this be
edited/tightened up?

We concur with the referee and apologize.
This has now been corrected

* In the Environmental impact of KRT section,
the first paragraph discusses the carbon footprint
of 'dialysis' then emissions estimates are
presented. It needs to be made clear that these
estimates refer to HD, not dialysis generally.

This has been made clear as suggested

* In this same section, there is discussion

We thank the reviewer for the suggestion.
Done as suggested




about the fact that PD likely has an overall
environmental impact similar to haemodialysis.
The authors should look at a recently published
paper (McAlister et al, JASN 2024) that quantifies
PD's carbon impact and consider revising this
paragraph accordingly.

* In the health outcomes section, the paper
talks of rapid and systematic reviews and looking
at registry data. Is this separate to the LCA or will
the information obtained inform the LCA? If
separate to the LCA, what will be the data be used
for - ie what actions will follow from it?

These treatment outcomes will be
collected and published alongside the
information collected from the LCA
costs

*  What is meant by 'Financial costs associated
with each care pathway will be estimated based
on vectors of unit costs and the volumes of
utilisation'?

Will the financial costs research be conducted at
the 4 sites where solutions/innovations will
subsequently be piloted?

Good point of clarification- added this
"Financial costs associated with each
care pathway will be estimated based
on vectors of unit costs and the
volumes of utilisation. The financial
costs research be conducted at the 4
sites where solutions/innovations will
subsequently be piloted. “

The environmental costs section states that
environmental research will be focused on specific
LCA elements relating the entire kidney care
pathway. What specific LCA elements?

Again, | don't understand what is to be done here.

Also, this section details what an LCA is. Why is
this information included here when we are told
earlier that LCAs will focus not just on
environmental factors but also health outcomes,
cost, social factors etc.

| agree this is somewhat confusing- LCA
can include social and financial and
environmental- but not health outcome -

So | have changed some of the wording
including “There is a need to improve
knowledge around the environmental
and financial cost of kidney care and
social and health outcomes of each
patient pathway including using holistic
tools such as life cycle assessment
(LCA).”

| have also changed 4 factor LCA- to
simply 4 factor to clarify this point
throughout the document.

* With the social costs, which manufactured
products will be considered? Those used for
dialysis? Or other parts of kidney care?

Added this “. The first point concerns
the societal impacts of the
manufactured products, such as
dialysis solutions, plastic tubing, and
disposal bags”
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Improving the sustainability and quality of kidney health care through life cycle assessments, quality
improvement, education and technical innovations: the KitNewCare approach
Duane et al. Trinity College Dublin

/" Background N

Kidney disease's escalating burden and costly Patient Journey (o
treatments, like haemodialysis and peritoneal dialysis, [\ K
underscore a pressing need for sustainable kidney care. “
The current approach lacks environmental |
urrent hla . Improve T
sustainability, contributing to resource depletion and implementation
. . . ope . d I
h_lgh healthc-ar.e COStS'.AddreSSI-n_g su.stalnab_lllty i (acvpg?\f\fgsl)ng Nephrologist Home based dialysis Transplantation
kidney care is imperative for mitigating environmental 9
Qmpact and ensuring long-term viability. ) :‘é Solutions
c | col?
ﬁnethods \ = ﬁB =
KitNewCare employs diverse methods to enhance e Improve - °° .I
. . e . . . solutions L
kidney care sustainability, including life cycle = (WP3, WP4) . .
assessments, quality improvement initiatives, g Heaith . e Environmente
educational programs, and technological innovations. n
By integrating these approaches, the project aims to é’ Hotspots
reduce the environmental, social, and financial —
impacts of kidney care while optimizing health Improve -
outcomes. Through collaboration with healthcare kSVOPvgledgg - L),
professionals and industry partners, KitNewCare seeks gwargnae”ss AL
to develop and implement sustainable practices across (WP6)
the kidney care continuum, ultimately fostering a _ .
Qore resilient and eco-friendly healthcare system. / izt dizsligiise oy s ok
: Conclusions
i}rqa;“z QL J ournd | Of N E P H RO LOGY @%Eﬂ KitNewCare endeavours to revolutionize kidney care with sustainable
‘ *etciog practices and innovative solutions, maintaining health outcomes through
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