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Abstract

Background: Peritoneal dialysis (PD) is a home-based treatment for kidney failure, offering significant social, economic
and environmental advantages over haemodialysis (HD). It allows patients greater independence and flexibility, can reduce
healthcare costs in some settings, and is reported to generate a smaller environmental footprint compared to HD.
However, despite this, its environmental impact, particularly in terms of resource use and waste generation, is an area
of growing concern. Evaluating PD through a sustainability lens, considering environmental, social, health and economic
dimensions is crucial to improving its long-term viability and reducing the healthcare sector’s environmental footprint.
Methods: An LCA of the PD treatment pathway was conducted at the Nephrology Dialysis and Kidney Transplantation
Unit, ‘Azienda Ospedaliero-Universitaria (AOU), Policlinico di Modena, Italy. Data were collected between April and July
2024 and was categorised into |7 PD-related procedures. Key activities assessed were electricity use, resource consump-
tion (procurement), water consumption, patient and staff travel and waste disposal. Flow diagrams were created to model
the PD pathway and product components were dismantled and weighed to determine material contributions.
Environmental impacts were analysed using OpenLCA and the Ecoinvent database.

Results: Automated peritoneal dialysis (APD) treatments produced greater emissions than continuous ambulatory peri-
toneal dialysis (CAPD), primarily due to higher electricity consumption and the use of polyvinylchloride. APD generated
3267 kg CO,e annually compared to 2975 kg CO,e for CAPD. Monthly patient examinations contributed 250 kg CO,e
per year, largely from travel. CAPD produced more healthcare waste (320 kg), leading to 810 kg CO,e emissions, while
APD waste emissions were lower at 374 kg CO,e. Incremental dialysis approaches showed substantial reductions, with
emissions falling to 1642 kg CO,e (APD) and 1517 kg CO,e (CAPD). The most impactful materials included polyethylene
and PVC, with plastic components contributing significantly to overall emissions.

Conclusion: This comprehensive life cycle assessment (LCA) highlights the environmental challenges associated with PD,
particularly in waste generation and resource use. Key areas for improvement include reducing single-use plastic reliance,
increasing recycling efforts and integrating energy-efficient solutions. This study provides a foundation for targeted sus-
tainability interventions in PD and contributes to the broader goals of the KitNewCare project, which aims to optimise
health outcomes while minimising environmental impacts in kidney care.
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Introduction

Kidney disease is a significant health burden, affecting over
850 million people worldwide.' Kidney failure, the most
advanced stage of disease, may be treated with renal
replacement therapy such as dialysis or kidney transplant-
ation, though not all patients access or choose these
options.” Dialysis remains the most common therapy, but
its provision generates substantial environmental, social
and economic burdens.

Peritoneal dialysis (PD) is a home-based therapy that pro-
vides greater flexibility and independence compared with
haemodialysis (HD).** It reduces patient travel to hospital
and is associated with lower infrastructure and staffing
needs. Despite these advantages, PD is highly dependent on
single-use plastics and packaging. Fluid bags, tubing and
catheters contribute large volumes of non-biodegradable
waste.” Delivering treatment at home also shifts some electri-
city and water consumption from hospital to household set-
tings, as the APD cycler operates using domestic electricity
and additional water is required for hygiene and waste disposal,
even though the dialysate fluid itself is manufactured remotely.

The healthcare sector contributes around 5% of global
greenhouse gas emissions and nephrology services are
recognised hotspots within this footprint.® Life cycle assess-
ment (LCA) is the established method for evaluating envir-
onmental impacts across the full life span of a product or
process, from raw material extraction through disposal.’
While LCA studies have been carried out for HD in
Europe and Australia, no comprehensive LCA of the
entire PD pathway in a European context has been pub-
lished. Existing research has focused either on selected pro-
ducts, waste volumes, or partial system boundaries, leaving
a significant evidence gap.

This study forms part of the KitNewCare project, an
EU-funded initiative that aims to reduce the carbon foot-
print of kidney care while optimising health outcomes,
equity and costs.® By mapping the full PD treatment
pathway at a large Italian centre, this work addresses the
lack of detailed environmental evidence for PD in
Europe. It also provides data to inform targeted interven-
tions in procurement, product design and service delivery.

Aim of study

This article maps the environmental footprint of the full PD
treatment pathway using LCA. It aims to identify high-impact
components and processes, supporting strategies to reduce
environmental burden without compromising patient care.
Data were collected at the Nephrology Dialysis and Kidney
Transplant Unit, AOU Policlinico di Modena, Italy.

Methods

LCA was conducted between April and July 2024, following
ISO 14040/14044 standards.”"”

Patient pathways

Identification of procedures and pathways. The LCA included
all stages of PD care, including education, medical evalua-
tions, treatment and waste disposal. Key data categories
included energy and water use, travel, procurement and
waste. It covered both automated peritoneal dialysis
(APD) and continuous ambulatory peritoneal dialysis
(CAPD), including incremental approaches that start with
reduced exchanges and increase as needed based on
residual kidney function or as clinically indicated.""

The main stages of the PD pathway evaluated are as
shown in Supplementary Table S1 in the appendices.

Flow diagrams. Flow diagrams for each step were developed
using Visio'? and verified with clinical staff Supplementary
Figure S1. These diagrams captured all activities and mater-
ial usage. All data were compiled into a dataset published in
the study appendices.

Dismantling products and weighing components. To estimate
the environmental impact of the healthcare products used
in PD, the products were dismantled into their individual
components, the materials of each component identified
and their weights measured.

A list of all products used in PD was collected. This
included dialysis solutions, plastic tubing, connectors,
bags and other consumables.

Each product was carefully dismantled to separate its
components. For example, Dialysis bags were separated
into plastic bags, caps and any other distinct parts.

Each component was weighed using a precision scale.'?
The weights were recorded and categorised based on com-
ponent and material type (e.g., polyvinylchloride), poly-
ethylene, polypropylene).

The recorded weights and material types were recorded
for analysis.

APD machines were modelled using the Fresenius
SleepSafe and Baxter HomeChoice systems, representing
the main devices in clinical use at Modena. Inventories
were built from prescriptions and consumables: CAPD
involved three 2 L manual exchanges daily; APD used a
cycler with two 5 L bags. Associated items included con-
nectors, dressing kits and transfer sets. Brand-specific pro-
ducts from Baxter and Fresenius were modelled where data
were available. A complete product inventory, including
dressings, packaging and consumables, is provided in the
supplementary dataset.

Incremental PD. Incremental prescriptions were defined as
approximately half of the full dose prescription for each
modality. For CAPD, the incremental regimen used
around 50% of the exchanges and dialysate volume of the
full dose (three 2 L manual exchanges per day; 6 L total
dialysate for full prescription). For APD, incremental pre-
scriptions similarly used roughly 50% of the dialysate
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Figure |. System boundaries for peritoneal dialysis. APD and CAPD are both included. The system boundary shows the ‘cradle to

grave’ analysis of the LCA.

volume compared with the full dose APD regimen of two 5
L automated exchanges per night (10 L total dialysate).

Inputting data into OpenLCA. Material weights and types,
alongside the flow diagrams, were input into OpenLCA."°
Processes for each step were modelled and linked to the
flow diagrams. Environmental impacts were then calculated
using the Ecoinvent v3.10 database.'?

To aid interpretation, results were normalised by scaling
them relative to average environmental impacts per person,
which indicates whether a process exceeds or falls below
population-level benchmarks.

The incremental factors (0.5 for APD and CAPD) were
applied as a pragmatic scaling method based on the
observed reduction in annual dialysate volume and treat-
ment intensity between full dose and incremental prescrip-
tions. Where component level differences (for example
specific consumables or materials) were directly quantified
in the inventory, those measured values were used. For
components that were not separately quantified, the same
scaling factors were applied to the full dose data to ensure
a consistent and transparent approach across all 17 proce-
dures in the pathway.

System boundaries. The system boundaries (Figure 1) cover
raw material extraction, manufacturing, transport, use and
disposal. This includes materials for PD equipment such
as dialysis solutions, tubing, connectors and disposal
bags, as well as their processing into final products.
Transport accounts for all freight and passenger journeys,
including delivery from manufacturers to clinics or patients
and waste disposal logistics. Packaging materials were
included in procurement impacts. The use phase reflects
solution preparation, administration, exchanges and drain-
age in the home setting. Disposal covers the treatment of
medical waste, including used solutions, components and
other consumables. Supplies originated mainly from
European manufacturers and were delivered to Modena.
Waste was segregated into clinical, recyclable and general
streams.

Processes

Product manufacture. Component weights were measured in
April 2024. Manufacturing processes were identified
through product safety data sheets and informed assump-
tions. Machinery energy use was sourced from Eco
Invent.'?
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Transportation. Transportation impacts included both
freight of medical products and travel by patients and
staff. All relevant data were modelled under a single
process category for clarity.

Staff and patient travel. To avoid delays related to General
data protection regulation (GDPR), staff and patient travel
data were sourced from an Irish study on PD travel pat-
terns.'* '° This served as a proxy to estimate transportation-
related environmental impacts, including average distances
for PD sessions and staff commutes. Patients travelled an
average 29 km round trip, with similar distances for staff.
These figures were reviewed and agreed upon by Modena
staff as representative for the region.

Freight transport for supplies. All freight transport of con-
sumables, machines, and packaging materials was modelled
within the same transportation process. Distances were cal-
culated using Google Maps for road freight and
Fluentcargo.com for shipping. Modes included truck and
ship transport, based on Italian and European datasets.'®!”
Where specific manufacturer data were unavailable,
average European freight datasets from Ecoinvent v3.10"?
were used. Transport impacts covered the full journey
from manufacturer to AOU Policlinico di Modena and
included return of medical waste to disposal facilities.

Disposal. Waste management was modelled based on the
segregation practices reported by hospital staff. Waste was
categorised into clinical, recyclable and general streams.
For home-based treatment, it was assumed that patients sepa-
rated recyclable and general waste in line with hospital pro-
tocols, while clinical waste was collected for incineration.

Ethics

No ethical approval was required as the study involved only
environmental assessment of devices and processes, with
no personal data collected.

Functional unit

The functional unit for this study is defined as the complete
PD treatment for a single patient over an average one-year
period, allowing standardised comparison between treatment
modalities. One-off activities such as education, surgery, cath-
eter placement, peritonitis management and training were
annualised by dividing their total footprint across an expected
five-year treatment duration. This approach reduces their
apparent contribution compared with recurrent activities
such as monthly examinations or regular education sessions.

Results

The results have been analysed overall, by patient pathway
and by process (e.g., transportation, procurement etc).

Results by patient pathway

The results by patient pathway can be found in Table 1. Results
have been divided to show the difference in APD and CAPD.
For simplicity the patient pathways are shown for carbon only
PD treatment, monthly exam (the two highest patient pathways
can be seen in (Table 2 and Supplementary Table 2).

Table 2 reflects a case mix of 30% APD, 4% CAPD,
30% incremental APD and 36% incremental CAPD, repre-
senting the treatment distribution in Modena. For transpar-
ency, results are also presented disaggregated by modality.

Laparoscopic insertion shows a lower annualised value
than local insertion because it was less frequent in the
cohort, whereas post-operative evaluation applies to all
patients and therefore has a higher annualised contribution.

Catheter-related procedures contribute a small share of
the annual footprint in the one-year functional unit.
Laparoscopic insertion produces higher emissions per pro-
cedure due to theatre energy use, sterilisation and surgical
instruments. However, it was performed less frequently
than local anaesthetic insertion in the Modena cohort, so
its impact appears smaller once annualised across all
patients. The annualised values therefore reflect frequency
of occurrence rather than per-event intensity.

Table 2 pathway 11 values represent a case mix of full
dose and incremental prescriptions (30% APD, 4%
CAPD, 30% incremental APD and 36% incremental
CAPD), reflecting the treatment distribution in Modena.
In contrast, Table 3 presents disaggregated modality-
specific values for each modality (full dose APD, full
dose CAPD, incremental APD and incremental CAPD)
modelled separately. The APD value in Table 2 is therefore
higher than the incremental APD value in Table 3 because it
reflects a mixture of full dose and incremental treatment,
rather than incremental APD alone.

PD treatment APD and CAPD. Figure 2 details the CO,e con-
tributions of key processes and materials involved in APD
and CAPD. The top contributors are freight transport
(1062 kg CO,e for APD and 720 kg CO,e for CAPD), fol-
lowed by hazardous waste (359 kg CO,e for APD and
436 kg CO,e for CAPD), electricity (347 kg CO,e for
APD and 329 kg CO,e for CAPD), polyethylene produc-
tion (275 kg CO,e for APD and 310 kg CO,e for CAPD)
and passenger car travel (239 kg CO,e for APD and
CAPD). Travel emissions associated with other pathways
such as Monthly Examination and excluded from the treat-
ment itself which is home based.

Monthly examination. Supplementary Table S2 presents the
CO,e emission associated with a single Monthly
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Table |. Carbon footprint patient pathways CO,e emissions.
Result APD Result CAPD
Pathway [kg CO,-Eq] [kg CO,-Eq]
|. Education for renal Initial education on PD, HD, transplantation, or conservative care. 17 17
replacement therapy Includes eligibility assessment by nephrologist.
2. Surgical evaluation for PD Surgeon assesses feasibility of peritoneal catheter placement. 7 7
suitability
3. Patient home suitability Nurse visit to verify that home conditions meet PD safety I I
requirements.
4. Pre-surgery evaluation Preoperative testing by surgeon, anaesthesiologist and nurse. 4 4
5. Peritoneal catheter placement Catheter inserted under local anaesthesia, followed by 7 7
local aesthetic post-surgery function check.
6. Surgical placement of PD Catheter inserted laparoscopically in theatre. 0.6 0.6
catheter laparoscopy
7. Post-catheter surgical Brief surgical wound review after catheter placement. 4 4
evaluation
8. PD pre-training visit Nurse performs a low-volume dwell to confirm catheter 9 9
function.
9. CAPD training Hands on training in manual exchanges and hygiene. 19 0
10. APD training Training in cycler use and overnight connection setup. 0 28
I'1. PD treatment Ongoing treatment at home with exchanges according to 2145 1886
modality.
12. Monthly examination Regular in-centre review, blood tests and clinical evaluation. 250 250
13. PET Annual test of peritoneal membrane function. 34 34
14. Change terminal catheter set Replacement every 6—12 months. 30 30
15. Malfunctioning catheter Troubleshooting steps to restore flow. 0.4 0.4
16. Peritonitis procedure Assessment, cultures and antibiotic therapy when infection is 0.6 0.6
suspected.
17. Catheter removal Removal of PD catheter when treatment ceases or changes 04 0.4
modality.
Total annual emissions - 2565 2289

Table 2. Pathway |1: PD treatment by process (including 30% APD, 4% CAPD, 30% incremental APD and 36% incremental CAPD).

Incremental APD (kg CO,e) Incremental CAPD (kg COye)

Process APD (kg CO,e) CAPD (kg CO,e)
Freight transport 1062 720
Hazardous waste 359 436
Electricity (cycler and use) 347 329
Polyethylene (production/use) 275 310

534 367
180 222
174 168
138 158

(a) Treatment-only values exclude patient and staff travel, which are allocated to the Monthly Examination pathway. (b) Incremental prescription values
were derived by applying the observed annual reduction factors to each APD and CAPD process component, consistent with Table 4 totals: APD factor
0.503 (1642/3267), CAPD factor 0.510 (1517/2975). (c) Incremental prescription values were derived by applying the observed annual reduction factors
to each APD and CAPD process component, consistent with the modality totals: APD factor 0.5 (1642/3267 kg CO,e) and CAPD factor 0.5 (1517/
2975 kg CO,e). Component-level data are available in the supplementary dataset for transparency.

Examination. Patient travel contributes the largest share at
208 kg CO,, followed by staff travel at 28 kg COse.
Other emissions include waste (4 kg CO,), plastic and
other materials (7 kg CO,e combined), electricity for
medical equipment (2kg CO,) and manufacturing
impacts (2 kg CO,).

Incremental approach. Table 3 compares the annual carbon
footprint of different dialysis modalities. Standard APD

results in the highest emissions at 3267 kg CO,e, followed
by CAPD at 2975 kg CO,. Incremental approaches signifi-
cantly lower emissions: Incremental APD emits 1642 kg
CO, and Incremental CAPD 1517 kg COxe.

Results by process

Staff and patient travel (the same among APD and CAPD).
Supplementary Figure S2 shows that patient journeys
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Table 3. APD versus CAPD versus incremental approach
(I year).

kg CO,e eq
APD 3267
CAPD 2975
Incremental APD 1642
Incremental CAPD 1517

contribute 311 kg CO,e per year while staff travel contri-
butes 80 kg CO,.

Plastic material for APD and CAPD. Supplementary
Figure S3 compares the amount of plastic materials used
between APD and CAPD. CAPD involves more polyethyl-
ene (310 g vs. 275 g in APD), whereas APD uses more
polypropylene (43 g vs. 30 g) and significantly more PVC
44 gvs. 1g).

Disposal for APD and CAPD consumables. Supplementary
Tables S3 and S4 present a comparison of waste profiles
for APD and CAPD. APD generates a total of 145 kg of
healthcare waste (general + clinical as PD takes place at
home) resulting in 374 kg CO,, while CAPD generates a
combined 320 kg healthcare waste with a higher impact

of 810 kg CO,. CAPD also produces more cardboard and
paper waste.

Results by environmental impacts

The results of the LCA are shown in Table 4. All results are
reported as annual impacts per patient. The results include
all 16 impact categories of PD and emphasise its environ-
mental impact. The analysis included 16 distinct impact cat-
egories, reflecting a wide range of environmental concerns.
These results highlight the environmental burden of PD and
where improvements could be targeted.

The results reveal that the environmental impacts of PD
are significant across various -categories, particularly
climate change, acidification, ecotoxicity, eutrophication,
resource use and human health impacts.

The results were normalised as recorded in Figure 3.
Normalisation is the process of comparing the environmen-
tal impacts of the system to a broader reference for
comparison.

The highest environmental burdens were associated with
non-renewable energy use (2.63), freshwater ecotoxicity
(1.59) and climate change (1.38). Other notable impacts
included photochemical oxidants (1.29), acidification
(1.05) and particulate matter (0.99). These categories
align with KitNewCare key performance indicators, high-
lighting them as priority areas for intervention.
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Figure 2. Contribution analysis of APD and CAPD.
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Figure 3. Normalised scores across |6 impacts.
Table 4. LCA results across |6 impacts.
Impact category Impact assessment result Unit
Acidification 11.716775 mol H*-Eq
Climate change 2230.69738 kg CO,-Eq
Ecotoxicity (freshwater) 13,564.4985 CTUe
Energy use (non-renewable) 34,256.0595 MJ (net calorific value)
Eutrophication (freshwater) 0.26351371 kg P-Eq
Eutrophication (marine) 3.24341716 kg N-Eq
Eutrophication (terrestrial) 32.4510544 mol N-Eq
Human toxicity (carcinogenic) 1.30E-06 CTUh
Human toxicity (non-carcinogenic) 1.89E-05 CTUh
lonising radiation 40.1352328 kBq U235-Eq
Land use 50,457.6262 dimensionless
Material use (metals/minerals) 0.00438602 kg Sb-Eq
Ozone depletion 1.69E-04 kg CFC-11-Eq
Particulate matter 1.18E-04 disease incidence
Photochemical oxidants (human health) 10.4932758 kg NMVOC-Eq
Water use 362.027239 m? world eq. deprived

Supplementary Figures S4-S8 show the comparison
between the APD and CAPD treatments across the main
environmental categories.

e Acidification: APD results in higher total emissions
across freight (6.97 vs. 2.28 AE), electricity (0.28 vs.
0.07 AE) and PVC-related processes (0.16 AE in APD
only). CAPD shows higher values for corrugated box
use (0.52 AE) and hazardous waste (0.37 vs. 0.20 AE).

e Ecotoxicity (Freshwater): CAPD is more affected by haz-
ardous waste (4172.28 CTUe vs. 3432.84 CTUe), while

APD contributes more via transport (4470.99 vs.
3110.75 CTUe) and glucose (1345.14 vs. 807.08 CTUe).
Energy Resources: APD has larger footprints for freight
(9062.07 MJ vs. 7246.36 MJ), polyethylene (8041.63
vs. 5993.98 MJ) and PVC (795.23 MJ, not used in
CAPD). CAPD’s other significant contributors include
uranium (387.40 MJ) and lignite (715.14 MJ).
Photochemical Oxidants: APD sees larger impacts from
freight (6.86 vs. 3.14 kg NMVOC-Eq) and PVC (0.13,
not used in CAPD), while CAPD has higher contribu-
tions from hazardous waste (0.31 vs. 0.17).
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Table 5. Summary of key improvement opportunities across the PD pathway.

Environmental issue Main source or process

Responsible stakeholder

Suggested intervention

High CO,e and energy Electricity consumption during
use APD

Manufacturers, energy
suppliers, hospital

Improve cycler energy efficiency; source
renewable electricity for home use

sustainability teams

Plastic-related emissions
and waste

Single-use PVC and polyethylene
components

Freight and packaging
emissions

Long-distance transport of
consumables and excessive
packaging

Hazardous waste from Incineration of mixed materials
disposables

Patient and staff travel Monthly hospital visits for
examinations

Resource-intensive production
of plastics and textiles

Water and material use
in product
manufacture

Eutrophication and
ecotoxicity impacts

Limited public awareness
of environmental
burden

Chemical discharges from
upstream manufacturing

Knowledge gap among clinicians
and patients

Manufacturers,
procurement teams

Manufacturers, distributors

Hospitals, waste
contractors

Healthcare providers, policy
makers
Manufacturers, regulators

Manufacturers,
environmental agencies

Healthcare educators,
professional bodies

Substitute PVC with recyclable polymers;
redesign for modularity; increase
take-back schemes

Source locally; optimise packaging size;
shift to low-carbon logistics

Improve waste segregation; expand
recycling for non-contaminated
components

Expand telehealth and home testing;
decentralise blood sampling

Adopt water-efficient manufacturing;
prioritise suppliers with environmental
certifications

Tighten supplier standards; use cleaner
production methods

Integrate sustainability training into
clinical education; communicate
environmental data transparently

e Water Use: APD’s glucose use (178.33m> wvs.
107.00 m®), polyethylene (27.44 m®) and extrusion
(8.09 m®, not found in CAPD) dominate. CAPD leads
in corrugated board (29.76 m3) and hazardous waste
(38.47 m® vs. 10.87 m’).

Supplementary Figures S9 through S20 provide detailed
breakdowns of environmental impacts by the top five more
impactful procedure types (Monthly Examination, PET,
APD Training and Changing Catheter) across the five
highest environmental impacts from the normalisation and
also including water use.

e Climate Change: Monthly Examination contributes the
most to climate change at 135.65 kg CO,-Eq, primarily
from passenger car travel. PET produces 17.92 kg
CO,-Eq, APD Training 16.59kg CO,-Eq and
Changing Catheter 15.03 kg CO,-Eq.

e Acidification: Monthly Examination has the highest
impact at 0.299 mol H*-Eq, primarily from freight and
passenger car transport and natural gas. PET contributes
0.063 mol H*-Eq, while APD Training and Changing
Catheter have lower impacts at 0.050 and 0.005 mol
H*-Eq respectively.

e Ecotoxicity, Freshwater: The largest contributor is
Monthly Examination at 259.39 CTUe, primarily due
to benzene and petroleum emissions. PET follows at
34.27 CTUe, with APD Training at 31.73 CTUe and
Changing Catheter at 27.53 CTUe.

o Energy Resource Use: Monthly Examination again
shows the highest impact at 2532.70 MJ, followed by
PET at 334.96 MJ, APD Training at 308.66 MJ and
Changing Catheter at 271.02 MJ. Petroleum dominates
the energy resource category.

e Photochemical Oxidants: Monthly Examination leads
with 0.281 kg NMVOC-Eq, driven by passenger car
and freight transport. PET and APD Training follow at
0.042 and 0.033 kg respectively, while Changing
Catheter contributes 0.036 kg.

e Water Use: Monthly Examination has the highest water
use at 49.05 m® world eq. deprived, predominantly from
textile usage. PET, APD Training and Changing
Catheter result in 1.60, 0.44 and 1.22 m* respectively.

Discussion

This European LCA of the full PD pathway identifies the
main contributors to environmental burden across materi-
als, energy, waste, transport and clinical workflows.
Aggregate results across 16 categories are in Table 1.
Normalised scores in Figure 3 highlight non-renewable
energy use, freshwater ecotoxicity and climate change as
dominant categories, consistent with LCA method guidance
and prior multi-category healthcare LCAs.”'®!® Process
contributions for APD and CAPD are in Figure 2.

APD showed higher total impacts than CAPD, driven by
electricity for the cycler and PVC-containing disposables,
while CAPD generated larger packaging and clinical
waste streams. These treatment differences appear in
Table 2 and in the contribution profiles in Figure 3.
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Plastic materials, in particular polyethylene and PVC, were
consistent hotspots across categories. Within PD treatment,
plastics account for about 41% of total CO,e in Pathway 11
based on the contribution analysis in Table 3. These pat-
terns align with recent PD carbon studies in Australia and
China that reported large contributions from dialysate, plas-
tics and logistics, noting product and supply-chain differ-
ences between settings.'?*** The Australian study?®'
analysed Baxter products, which contain higher proportions
of PVC in dialysis bags and tubing, leading to PVC domin-
ating the material footprint. The Modena centre used a
mixed product supply that included Fresenius components
with lower PVC content and a greater proportion of poly-
ethylene, resulting in a smaller PVC contribution in this
study. Chinese data®* reported higher emissions per
exchange, likely due to differences in supply chain energy
sources and manufacturing processes.

Incremental prescriptions reduced impacts by lowering
dialysate volume and consumable use during earlier treat-
ment phases. Annual carbon footprints for the four modal-
ities are in Table 4, with incremental APD and incremental
CAPD showing the lowest CO,e. This is consistent with
evidence that staged PD intensity can reduce plastic use
and glucose exposure while preserving adequacy as
residual kidney function declines.®!!

Normalisation results in Figure 2 show that focusing only on
climate change misses other pressures. High freshwater eco-
toxicity relates to upstream plastics production and end-of-life
management. Energy resource use reflects fossil energy across
manufacturing and freight. Photochemical oxidants are linked
to transport and combustion. These findings are consistent
with harmonisation work on toxicity in life cycle impact assess-
ment and with guidance on water use indicators.'®'® Ozone
depletion remains low, but related photochemical oxidants
still warrant attention in transport and manufacturing. >

Travel was a recurring hotspot for monthly in-centre reviews
rather than for home treatment. Table 2 reports 250 kg CO,e per
patient per year for monthly examinations, with patient travel the
largest contributor as shown in Supplementary Table S2.
Shifting routine reviews toward telehealth, community phlebot-
omy and validated home sampling can reduce travel emissions
while maintaining clinical oversight.>*2°

Waste and product design offer near-term improvement
opportunities. CAPD generated more healthcare waste and
higher disposal impacts than APD, as shown in
Supplementary Tables S3 and S4. Material substitution
away from PVC, design for disassembly and better segrega-
tion increase recovery of non-contaminated components,
supporting lower toxicity and lower end-of-life burdens.'®
Freight and packaging also contribute, as shown in
Figure 3, which supports local sourcing, packaging opti-
misation and lower-carbon logistics.'”-*'*

Key take-away points for practice

1. Prioritise incremental PD where clinically appropriate
to reduce dialysate volume and consumables.®'!

2. Reduce electricity impacts in APD through higher-
efficiency cyclers and renewable household electricity,
supported by energy supplier programmes and hospital
facilitation."

3. Substitute PVC and redesign components for recyclabil-
ity to address toxicity and disposal burdens, using sup-
plier standards aligned with LCIA characterisation
guidance.'®

4. Consider incorporating telehealth and home or commu-
nity testing approaches, where clinically appropriate
and evidence-supported, to potentially reduce travel
emissions while maintaining clinical oversight and
patient safety.?>-¢

5. Optimise freight and packaging to lower upstream
energy and transport impacts, building on lessons
from recent PD carbon footprints in other
regions.'”?!#2

These findings provide a practical basis for the improve-
ment opportunities summarised in Table 5 and align with
the goals of KitNewCare to reduce environmental burdens
while supporting high-quality care.®

Limitations

This study has several limitations. Data collection was con-
fined to a single site (AOU Policlinico di Modena) and a
limited timeframe (April-July 2024), which may not
reflect broader PD practices. Pharmaceuticals were
excluded due to lack of reliable datasets, which may under-
estimate total environmental impacts. However, the
KitNewCare project plans to replicate the study across
three additional sites, enabling comparative analysis.

The LCA depends on the accuracy of input data, includ-
ing material weights and types, which are available in the
‘Life Cycle Assessment Dataset for Peritoneal Dialysis in
Modena’. Environmental modelling was limited by the
available impact categories in OpenLCA and the
Ecoinvent v3.10 database. While some healthcare-specific
impacts (e.g., pharmaceutical emissions) are not fully repre-
sented, we selected 16 robust indicators to ensure methodo-
logical consistency and international relevance.
Assumptions regarding patient travel mode, supply
origins and household waste segregation may not fully
reflect real-world variation and could influence results.

Conclusion

This article provides a comprehensive analysis of the envir-
onmental impacts of the PD treatment pathway over one
year. The findings highlight product production, waste dis-
posal and procurement as key contributors to the overall
environmental burden. By addressing these areas, health-
care systems can reduce the environmental footprint of
PD and promote more sustainable practices in kidney care.
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