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Foreword

In recent years, there has been a global increase in HHD. As
healthcare professionals, it is our responsibility to advocate and
provide the best possible care for our patients.

HHD requires patient and carer training programs, that are tailored
to each individual, supported by specialized staff who help patients
to acquire the skills and competency needed to ensure safety
throughout the entire process. During these training sessions,
healthcare professionals build lifelong bonds with patients and their
families. These connections often remain with us all our lives, and
the trust established during this journey sustains the ongoing support
that we can provide to our patients and their families.

The patient centred care approach empowers patients with the
knowledge, confidence and ability to effectively perform HHD by
themselves. It provides rewarding experiences of self-efficacy,
independence and flexibility to fit treatment around their daily routines
and leads to greater satisfaction with life. This is what makes our
work so meaningful.

Another advantage of HHD emerged during the COVID-19 pandemic.
HHD became an important strategy to help keep patients safe, as
there was no need for them to travel to outpatients’ HD centres.
This significantly reduced the patients’ exposure to the SARS-CoV-2
virus, other infections and hospitalizations.

Alongside technological advances in HD monitor software
development, patients undergoing HHD have increasingly been
supported by telehealth tools and by video-call appointments (virtual
appointments). These innovations help ensure professional support
is continuously available to both patients and carers, while reducing
the burden of traveling to the hospital or HD centre for routine
appointments. However, the importance of physical examinations
and blood tests performed in face-to-face appointments should
never be overlooked. For this reason, regular in-centre or hospital
visits remain an essential component of patient care.

This guidebook will provide us with the best practices for training
and supporting our patients and caregivers in HHD. Its purpose is to
deliver high-quality, evidence-based information and care to patients
living with chronic kidney disease.
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From a historical perspective, this guidebook will explore
the development of HHD worldwide and provide an in-depth
understanding of the fundamental concepts underpinning
contemporary HHD practice. Topics addressed include home
assessment, environmental preparation, the benefits and challenges
associated with HHD, principals of HHD prescription, vascular
access management and the self-care model that supports patient
autonomy and independence. This guidebook will also examine the
educational and training programmes delivered by nurses to patients
and caregivers, with emphasis on competency development, patient
empowerment and ongoing support. In addition, key elements of
patient safety and risk management will be discussed, alongside
legal and ethical concerns relevant to home based dialysis care.
Psychological aspects, nutritional management and the patient
experience will be explored and provide a holistic perspective on
how to establish and manage a safe, effective, patient-centred HHD
programme.

Each chapter is written by experts from different healthcare contexts
and takes us on a journey through their specialist knowledge of what
is most important to us: our patients.

The Editor:
Joana Fontes, EDTNA/ERCA HD Consultant
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Chapter 1

History of Home Haemodialysis

Learning objectives
» To describe the origins and mechanisms of HD
» To chronologically summarize the historical development of HHD

» To evaluate the future of HHD in light of current evidence and
technological advances

Introduction

Since its inception, HHD has enabled patients to receive treatment
in the comfort of their own homes, offering substantial advantages
in terms of both clinical outcomes and quality of life. Interest in this
treatment modality has fluctuated markedly over the years, influenced
by technological innovations, the rising uptake of PD, changes in
healthcare policy, and evolving approaches to patient-centred care.
In this context, an understanding of the historical trajectory of HHD
is of considerable importance for appreciating the origins of current
practice and for evaluating potential future developments.

What is Dialysis? The Historical Development of Dialysis
Therapy

In the field of chemistry, the term “dialysis” was introduced to the
literature in the mid-19th century (1861) by the Scottish chemist
Thomas Graham to describe the separation of crystalloid and colloid
substances in liquids via the diffusion of crystalloids through a semi-
permeable membrane (vegetable parchment)."? By the turn of the
twentieth century, the concept of dialysis began to be explored in
the medical field. These early studies laid the foundation for HD, the
clinical technique by which toxic solutes are removed from the blood.
Between 1913 and 1915, John Abel and colleagues conducted
experiments in dogs using a “vividiffusion apparatus” consisting of 16
collodion membrane tubes housed within a glass cylinder, through
which hirudin-anticoagulated blood was circulated to remove waste
products via diffusion.®
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In 1923, Heinrich Necheles increased the dialysate contact area by
interposing supporting plates between layers of sheep peritoneal
membrane, a material chosen for its expansibility.* However, after
encountering significant difficulties and disappointing outcomes, he
ultimately abandoned his work in 1928. The first recorded clinical
use of dialysis in humans was conducted in 1924 by Georg Haas,
who treated a uraemic patient in Germany for 15 minutes.® In this
trial, blood was passed through collodion tubes arranged in eight
parallel cylinders and brought into contact with an exchange fluid
to test the safety of the dialysis procedure. Again, the anticoagulant
used was hirudin, which was isolated from the heads of leeches in
1884 by the pharmacologist John Haycraft following his observation
that individuals bitten by leeches exhibited markedly prolonged
bleeding times.’

In 1928, Georg Haas replaced the hirudin used in his earlier
experiments with heparin, a safer and more effective anticoagulant,
thereby preventing clotting within the extracorporeal circuit and
enabling dialysis to be performed safely for longer durations.!
The development of dialysis equipment and suitable membranes
progressed in parallel. In 1937, William Thalhimer recognised that
cellophane, a form of cellulose hydrate used in the sausage industry,
possessed diffusion characteristics suitable for use as a dialysis
membrane.?#

Development of the Atrtificial Kidney: Willem Kolff

Willem Kolff played a leading role in the development of modern
haemodialysis, pursuing his work despite the adverse conditions of
the Second World War. His interest in developing an artificial kidney
began in 1938 after witnessing the death of a young patient due to
renal failure. This experience prompted him to devise methods for
removing uraemic toxins from the blood.? In a later publication, he
wrote that “the patient could have been saved if only 20 g of urea
could have been removed from his blood every day”, reflecting his
view that removing uraemic toxins and excess body fluid with a
device could prolong life.35 By 1939 Kolff, together with his colleague
Robert Brinkman, had developed artificial kidney prototypes that
functioned in the laboratory but were not yet suitable for clinical use.
These early prototypes utilised cellophane membranes and metal
drum systems. Following the occupation of the Netherlands in 1940,
Kolff relocated his research to Kampen, where he continued his
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experiments despite having limited resources. During this period, the
foundations of the first functional systems were laid using cellophane
tubes intended for sausage casings and components salvaged from
recycled materials.®

In 1943, with the assistance of engineer Hendrik Berk, Kolff developed
the ‘rotating drum kidney,” which is regarded as the first functioning
artificial kidney. The apparatus consisted of long cellophane
tubes wound around a drum to provide a large surface area for
exchange. The walls of the tubing functioned as a semipermeable
membrane, allowing toxins within the patient’s blood to diffuse into
the surrounding dialysate. Initially, Kolff conducted a preliminary
experiment using 250 mL of blood with a urea concentration of 200
mg/dL inside a cellophane casing measuring 5 cm in diameter. After
immersing the casing in a saline-filled vessel and agitating it, he
observed that most of the urea was removed within 5 minutes. This
experiment demonstrated that an effective artificial kidney would
require approximately 20 metres of cellophane tubing.

The low-concentration saline solution used as the dialysate was
contained in a large tank, within which the drum was rotated.>®
Fluid removal was achieved by adding sugar to the dialysate to
increase osmotic pressure. However, this occasionally resulted
in membrane damage and hyperglycaemia.*® Kolff's device was
used experimentally on patients with end-stage renal failure in the
Netherlands during the Second World War. Between March 1944
and July 1945, the device was used to treat 15 patients, but none
of these initial attempts was successful, and none of the patients
survived.®*® However, on 11 September 1945, a 67-year-old woman
in a coma due to hepatorenal syndrome was successfully dialysed.
She regained consciousness following treatment and survived for a
considerable period thereafter. This case was regarded as the first
compelling evidence that dialysis could be lifesaving in acute renal
failure.*

Kolff continued to refine the apparatus despite his early failures.
Between 1951 and 1956, he provided 61 dialysis sessions in his
own office using a 4-drum artificial kidney device. These treatments
were conducted under the supervision of medical residents, without
the assistance of dialysis technicians or nurses. Each session
lasted a total of six hours, with the dialysate changed every two
hours. To minimise the margin of error in dialysis fluid preparation
and the procedure itself, Kolff clearly defined each clinician’s role.
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For example, while the resident preparing the dialysate added
potassium at 5.0, 3.7, 2.5, or 0 mEg/L (depending on the patient’s
serum potassium level) to a standard premixed dialysate (sodium
138, chloride 103, bicarbonate 35, calcium 5, and magnesium
1.5 mEq/L) and counted the empty bags, another resident would mix
a few drops of the patient’s blood with dialysate in a small test tube
and centrifuge it. The absence of haemolysis during this process
indicated that the concentration was correct. A third resident would
taste the dialysis fluid to assess its salinity, as an osmometer was
not available.®

In the late 1950s, the parallel-plate dialyser developed by Fredrik
Kiil gained prominence for providing a lower priming volume and
large surface area. The Cuprophan membrane used in this system
allowed the passage of larger molecules, and the device’s ability
to operate without a blood pump offered a cost advantage.* The
subsequent production of the disposable twin-coil kidney facilitated
fluid removal by hydrostatic pressure. In the following years, dialysis
treatments were performed using this device. To adequately serve
the increasing number of patients during those years, two dialysis
technicians were hired.

In Seattle in 1960, Belding Scribner recognised that permanent
vascular access was essential to sustaining repeated dialysis
treatments in patients with chronic renal failure.> In response
to this need, he collaborated with engineer Wayne Quinton to
develop a plastic AV shunt, which was placed between the radial
artery and cephalic vein in the forearm, allowing long-term vascular
access.® This innovation led to the successful treatment of his first
patient, Clyde Shields, and enabled the initiation of chronic dialysis
therapy. However, the limited resources for providing dialysis in the
early 1960s raised significant ethical dilemmas regarding patient
selection. A panel established at the Seattle Artificial Kidney Centre,
publicly known as the ‘Life or Death Committee’, determined which
patients would receive treatment. These decisions were based not
only on an evaluation of the patients’ medical condition but also their
social, economic, and demographic profiles.? This holds historical
importance as an early example of the intersection between ethics
and medical practice in the implementation of dialysis.

While the improved access and comfort-enhancing modalities of
modern dialysis clearly demonstrate remarkable progress in the
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field, the prospect of portable artificial kidneys becoming a reality in
the coming years offers further promise.

The History of Home Haemodialysis

In 1961, a patient in London was able to set up his own machine and
initiate treatment, demonstrating the feasibility of HHD.* To leave the
patient’s hands free, the first leg shunt was created. The outcomes of
this patient, reported in 1964, showed that HHD could be performed
successfully given appropriate patient selection.* In USA during
the 1960s, the rising mortality attributable to CKD, the shortage of
dialysis centres, and the high cost of treatment necessitated the
establishment of home dialysis programmes. According to 1975 data
from the National Dialysis Registry, 12,977 patients were receiving
chronic dialysis treatment, of whom 3,712 were on HHD. As a result
of these developments, comprehensive HHD programmes were
established in USA and in UK, enabling personalised treatment and
greater patient reach without the need to expand hospital capacity.*

The Historical Trajectory of Home Haemodialysis: Causes of Decline
and the Dynamics of Its Current Resurgence

Developedin the 1960s, HHD garnered attention forimproving patient
survival, quality of life, blood pressure control, and rehabilitation
prospects, particularly when performed overnight, three times a
week. Furthermore, its cost-effectiveness enabled the treatment of
more patients despite limited resources.® In the early 1970s, it was
widely practised in several countries, most notably the USA and New
Zealand. More than 30% of patients in USA and over half of patients
in Australia and New Zealand were being treated at home.” (Fig 1
and 2). Until the early 1980s, HHD remained a popular modality in
countries such as UK and USA due to insufficient hospital capacity,
long treatment durations, and the economic advantages of home-
based therapy.®
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Fig 1: Home and in-centre haemodialysis patient. © 1975 Kidney Care UK. Used
with permission.

Reference: https://kidneycareuk.org/kidney-disease-information/treatments/
dialysis-80-years-of-the-artificial-kidney/

Fig 2: Single-needle wrist fistula in a patient. © 1970 Kidney Care UK. Used with
permission.

Reference: https://kidneycareuk.org/kidney-disease-information/treatments/dialysis-
80-years-of-the-artificial-kidney/
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However, beginning in the 1970s, various structural and systemic
changes led to a marked decline in its utilisation. In USA, the
establishment of the Medicare ESRD Programme increased access
to dialysis services but also led to the rapid proliferation of for-profit,
in-centre dialysis centres. Reimbursement policies favouring in-
centre HD diminished the economic appeal of home treatment. During
this period, healthcare providers’ experience with HHD decreased
and the patient profile shifted as a result of rising age, comorbidity
and notably, the rising prevalence of diabetes.”3° In addition to the
proliferation of community-based dialysis centres, peritoneal dialysis
became safe and feasible with the advent of the Tenckhoff catheter,
bringing alternative home therapies to the foreground.

The development of more efficient dialysis machines which enabled
treatment schedules to be reduced to three shorter sessions per
week, further eroded the relative advantages of home therapy.”1%-12
Consequently, HHD increasingly became a less preferred option and
was even regarded in some circles as obsolete.'® A similar decline
was observed in Europe, particularly in the UK, where HHD rates
fell from over 15% in 1975 to less than 5% during the 1990s. By
2005, the prevalence of HHD in USA had plummeted to under 1%.”
The establishment of centre-based HD as the standard of care in the
1980s and 1990s, coupled with the limited support and educational
resources available for home programmes and the changing patient
demographic, accelerated this downturn.

Starting in the 2000s, however, interest in HHD began to resurge.
This revival has been driven by a growing body of evidence
demonstrating favourable impacts on patient outcomes and quality of
life, as well as more supportive healthcare policies and technological
advancements. In particular, from the mid-1990s onwards, the
increased prominence of HHD at annual dialysis conferences,
the establishment of educational and research platforms for
clinicians, and improved funding for related research all contributed
to the renewal of knowledge and expertise among healthcare
professionals. Furthermore, the development of safe, portable,
and user-friendly dialysis machines has enhanced the feasibility of
home-based treatment.”®" In USA, the number of patients receiving
HHD rose from 4,500 in 2009 to over 6,000 in 2012, and increased
approximately threefold between 2007 and 2020.""'4
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Structured educational and support programmes also gained
importance during this period. Initiatives such as WellBound, founded
in 2002, have empowered patients to make informed choices
regarding their home dialysis options, with a substantial proportion
of patients receiving such education shown to opt for home-based
therapies.® Early patient education, peer support, and growing
proficiency of clinical teams in this field are among the key factors
driving greater uptake of home therapies.® Alongside technological
advances, the development of safety mechanisms (such as blood
leak sensors and pressure monitoring systems) and improved
management of vascular access have further enhanced the safety of
HHD.® Telehealth applications, flexible training models, and financial
support mechanisms are also contributing to the sustained viability
of home therapy.®®

Although the use of HHD increased in Europe between 2012 and
2021, its prevalence remains low at approximately 5.8%. There is
notable variation between countries, with marked increases in some
while utilisation remains limited in others.'® Conversely, interest in
the US maintains an upward trend due to its clinical efficacy, quality-
of-life benefits, and cost advantages.®

At present, although HHD offers advantages over in-centre
haemodialysis in terms of quality of life, flexibility, and employment
opportunities, its uptake remains limited. This is attributable
to multidimensional factors, including a lack of awareness,
perceived technical difficulty (particularly regarding cannulation),
inadequate self-efficacy and self-confidence, fear of lacking medical
supervision at home, the associated burden on patients and
carers, socioeconomic barriers, and inadequacies within the home
environment.”>'” Nevertheless, current evidence suggests that, with
appropriate policies, education, and investment in technology, HHD
has the potential to become a more widespread, patient-centred,
and cost-effective treatment option.®

The Future and Importance of Home Haemodialysis

HHD safely and effectively provides frequent and prolonged
treatment, offering an important alternative to traditional centre-based
dialysis. High-frequency and convective haemodiafiltration contribute
to the more effective clearance of middle and large molecules and
to a reduction in post-dialysis fatigue. Self-care HD and integrated
care models (e.g., Transformation in Renal Dialysis Services
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[TRenDS])? create important opportunities for patient empowerment,
engagement with therapy, and long-term sustainability.

Technological advances, user-friendly home machines, and
enhanced safety mechanisms are improving the safety of the
procedure, while the threat of infectious diseases such as COVID-19
has underlined the importance of HHD and the need for out-of-
centre treatment models.® Nevertheless, the prevalence of HHD
remains limited. This can be attributed to several barriers, including
a shortage of trained home dialysis nurses, the dominance of centre-
based dialysis infrastructure, and the fact that current devices are
often large, technically complex, and difficult to operate.™

The literature emphasises that these limitations can only be overcome
through the development of smaller, portable, and more user-friendly
systems. In particular wearable artificial kidney systems have been
under investigation for a considerable time as a potential alternative
to traditional dialysis. Although they have not yet entered clinical use,
their successful development has the potential to radically transform
the way dialysis treatment is administered.™

Conclusion

Historically, HHD experienced a period of initial interest, followed by
decline and a subsequent resurgence. This trajectory was driven by
shifts in healthcare policy, technological advancements, and evolving
patient profiles. Although reimbursement systems, a bias towards in-
centre therapy, and the development of alternative dialysis modalities
limited its use in the past, this modality has regained prominence
as a result of current technological innovations, heightened clinical
awareness, educational programmes, and research funding.
Nevertheless, the fact that utilisation rates remain limited indicates
that structural and socioeconomic barriers persist. Ultimately HHD
offers substantial opportunities in terms of both clinical efficacy and
patient-centred care but achieving its widespread and sustainable
use requires further improvement of technological, educational, and
systemic support frameworks.
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Chapter 2

Home Haemodialysis

Learning objectives

* To understand what is involved in HHD

» To recognise the importance of home safety assessments and risk
mitigation, as well as the technical aspects and support networks
involved, including clinical, caregiver and peer support

» To understand the benefits and challenges of HHD compared with
in-centre HD

» To reflect on future perspectives regarding HHD

Introduction

HHD has re-emerged internationally as an important form of renal
replacement therapy, aligned with contemporary principles of patient-
centred care, personalised treatment and shared decision-making."?
The renewed interest in this modality has been driven by advances
in technology, an increasing emphasis on home-based healthcare
delivery and the growing need for a sustainable healthcare system.

Historically, haemodialysis has predominantly been delivered in
hospitals or satellite dialysis units. However, there is an increasing
body of evidence suggesting that home-based treatment could
be a clinically effective and patient-centred alternative for certain
individuals.3#

Several international studies have found a link between HHD and
improved patient-reported outcomes. These include an enhanced
quality of life, greater flexibility in treatment, a better sense of
control and an increased ability to maintain employment or family
responsibilities.'® Furthermore, the clinical benefits observed in
specific patient groups include enhanced blood pressure control,
improved volume management, reduced post-dialysis recovery time
and increased phosphate clearance, particularly with more frequent
or prolonged treatment regimens.”® Lastly, HHD enables treatment
to be integrated into patients' daily lives, offering greater flexibility
and autonomy, and encouraging their involvement in disease
management.’®
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Despite the recognised advantages of HHD, its implementation
remains highly variable across healthcare systems.® The uptake
of HHD is influenced by organisational factors, healthcare funding
models, publicity/marketing, professional expertise, infrastructure
availability, patient education pathways and sociocultural attitudes
towards  self-management.” International recommendations
increasingly advocate that individuals approaching kidney
replacement therapy should receive structured education on all
available treatment options, including home-based ones.?'? It has
been recognised that early education about treatment options is an
important factor in ensuring informed treatment selection and long-
term satisfaction with treatment.

Nevertheless, the successful implementation of HHD requires careful
planning and multidisciplinary coordination. Essential components of
sustainable HHD programmes include patient selection, structured
training, home safety assessment, clinical experience and
knowledge, technical support and risk mitigation strategies.'

The aim of this chapter is to provide a practical, technical,
organisational and safety overview of HHD, emphasising the most
relevant aspects to Nephrology Care Team.

What is involved?
* Home safety assessment and risk mitigation

The home environment is an essential factor to consider when
assessing eligibility. Prior to programme initiation, adequate physical
space, electrical safety, plumbing suitability and storage capacity
for consumables should be assessed."™ A structured evaluation of
the domestic environment should be conducted to ensure that the
necessary requirements are met. The assessment process aims
to minimise risks related to treatment and establish conditions that
support the provision of safe, sustainable, and effective home-based
care.

Water Supply and Quality

Water quality is one of the most critical safety considerations in
HHD, particularly when treatment systems require water purification
through reverse osmosis. ' Since dialysis fluid comes into indirect
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contact with blood, inadequate water quality can expose patients to
serious microbiological or chemical risks.'® The assessment should
include the following:

* The suitability of water sources

» The adequacy of the water pressure

» Compatibility with treatment equipment

* Protocols for ongoing monitoring protocols

International standards emphasise the importance of continuous
quality assurance, preventive maintenance, as well as regular
microbiological and chemical surveillance of dialysis fluids.'22
Electrical Safety

An electrical safety assessment is essential prior to the installation
of home dialysis equipment. The domestic electrical system must be
able to safely support dialysis-related devices and comply with the
relevant technical standards. ** The following should be taken into
consideration when carrying out the assessment:

* The adequate electrical capacity (for the system to function
properly)

» Ensuring that sockets are placed safely

» Grounding of equipment is essential

» Minimise the risk of accidental electrical hazards
When necessary, electrical modifications should be performed by
qualified professionals.
Physical Environment and Space Requirements

To ensure the safe performance of treatments and the appropriate
storage of materials, there must be adequate physical space. Ideally,
the treatment environment should provide:

* A space that is clean and organised
» Appropriate ventilation
* Adequate lighting
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« Sufficient room for equipment operation, ensuring that there is
no obstruction and that it can be used effectively

» Safe access to emergency communications

Storage capacity should also be assessed, as HHD commonly
requires regular delivery of consumables and dialysis-related
materials.?® While some homes may require structural adjustments,
technological advances and smaller equipment designs have
removed many environmental barriers.?

Communication and Emergency Planning

Reliable communication systems are essential for emergency
management and patients should have immediate access to them.
These can include:

» Telephone or mobile communication
* Clinical support contacts
» Technical assistance pathways

Emergency contingency planning involves having clear escalation
plans in place for managing equipment malfunctions, vascular access
complications, unexpected symptoms, and interruptions to treatment.®

Waste Management and Infection Prevention

HHD produces potentially hazardous healthcare waste, which include
needles, blood-contaminated materials, and single-use dialysis
supplies.?® Patients and caregivers should receive clear training on
how to manage this waste safely, to ensure legal compliance and a
safe workplace. Safety courses on clinical waste will explain how to
store, separate, and dispose of all hazardous and non-hazardous
materials, for example:

» Secure disposal of sharp objects

» Appropriate segregation of clinical waste (blood lines,
dialysers, wipes, dressings, tape, plasters, etc.)

 Infection prevention measures

* Environmental cleaning procedures
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Although local healthcare systems may differ in their waste collection
pathways, clear protocols are essential to ensure safety and
environmental responsibility.'® Haemodialysis waste represents a
considerable risk, it must be disposed of safely and in accordance with
the law. The sustainability of HHD programmes depends on effective
risk prevention strategies that combine patient preparation, technical
reliability, professional support, and continuous monitoring.?'® Even
though home treatment offers greater autonomy, structured safety
mechanisms are still necessary to minimise complications and
maintain patient confidence.

» Technical aspects and equipment

Safe and effective HHD depends on the availability of reliable
equipment adapted for home use.™ Significant advances in
haemodialysis technology have facilitated the expansion of home-
based treatment by improving usability, portability, automation, and
safety mechanisms.

Modern HHD machines are designed to support simplified operation
while maintaining treatment accuracy and safety. Features such as
user-friendly interfaces, automated priming systems, integrated
alarms, and guided treatment pathways may reduce technical
complexity experienced by patients and caregivers.?

Technological developments have enabled the increasing
integration of digital systems into HHD programmes. Features such
as data transmission, automated session recording, and remote
technical support can enhance monitoring capabilities and facilitate
communication between patients and nephrology teams.?'

Despite these advances, access to technology varies considerably
between healthcare systems, so implementation strategies must be
adaptable to local infrastructure and resources.

The specific equipment required depends on the treatment modality
and local infrastructure, but commonly includes:

» HD machine/monitor
» Water treatment systems
+ Dialysers and extracorporeal circuits (blood lines)

e Cannulation material
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* Monitoring equipment: weight scales and blood pressure
devices

» Cleaning and infection control supplies

In many settings, reverse osmosis water purification systems are
essential for ensuring the quality of treated water. '* However,
technological innovation has led to the innovation of systems that
use pre-prepared dialysate solutions or require less complex water
treatment infrastructure, thereby reducing the technical barriers to
implementation.?

Reliable logistics systems are essential for programme sustainability.
This requires regular home delivery of consumables, adequate
storage capacity, inventory management, and maintenance
planning are required to minimise treatment interruption.?

Storage requirements may present a practical challenge, particularly
in a smaller living space. Patients and families often require guidance
on organisation, stock rotation, and the appropriate environmental
conditions for storing consumables.

» Support: technical, clinical, caregiver & peer support networks

Technical Support and Equipment Maintenance

Reliable technical assistance is essential to minimise interruptions
and to ensure equipment performance. Preventive maintenance
schedules should include the following:

* Equipment inspection

» Water system monitoring

» Technical troubleshooting

* Replacement of malfunctioning components
Implementing rapid-response pathways could minimise treatment
disruption and boost patient's confidence in home-based care.?°
Clinical Support Systems

Continuous clinical support is recognised internationally as a vital
component of HHD programmes.? Centres should provide:
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» Dedicated telephone support

» Personalised follow-up

» Access to nephrology team

» Rapid clinical advice for complications

» Structured follow-up pathways
Professional accessibility contributes to clinical safety, patient
reassurance, and long-term treatment adherence.®
Telemedicine and Remote Monitoring

Advances in digital health technologies have enabled remote
monitoring to become an increasingly important part of the HHD
programmes, particularly during the COVID-19 pandemic.?!
Telemedicine strategies include:

» Transmission of dialysis session data

* Remote review of treatment parameters
 Virtual clinical appointments

» Automated alerts for abnormal findings

Remote monitoring can help to identify complications earlier,
encourage adherence to treatment and improve communication
between patients and healthcare teams.'*?' However, its
implementation can vary considerably depending on the
infrastructure, digital literacy, and the resources available in the
different healthcare systems of each country.

Caregiver & Peer Support Networks

For some patients, caregivers play a vital supportive role in HHD
treatment. However, the burden on caregivers should be proactively
recognised. The long-term responsibilities of caregiving can lead
to emotional distress, fatigue, and anxiety concerning potential
treatment complications.?* Healthcare teams should consider:

» Caregiver education

» Ongoing mental & emotional support
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» Periodic assessment and reassessment of caregiver burden,
in collaboration with the renal psychologist

 Integrated care plan: a holistic approach that addresses both
physical symptoms, and psychological distress. This care
plan should be co-developed and reviewed during routine
multidisciplinary meetings

» Temporary alternatives where required

Home treatment can sometimes lead to feelings of isolation and
a lack of confidence. However, these issues might be alleviated
through peer support networks and patient communities.?*

* Challenges and barriers

Fear of Self-Cannulation and Treatment Responsibility

For many patients, the anxiety associated with self-cannulation is a
significant psychological obstacle to HHD.'® Treatment acceptance
may be influenced by concerns regarding needle insertion,
equipment handling, and complication management. Collaborative
training containing a structured program of education, supervised
practice, and psychological support is essential for developing the
confidence of patients or caregivers. Sometimes, patients need
cognitive behaviour therapy, to help them manage their stress and
regain confidence and control.

Health Literacy and Confidence

Differences in health literacy may influence patients’ understanding
of treatment procedures and their confidence in their ability to
effectively self-manage their condition.'” It is known that low health
literacy is related to poor health outcomes. This is why educational
strategies should be tailored to the needs of patients and caregivers,
recognising that successful adaptation depends not only on technical
competence, but also on knowledge and emotional readiness.
Specific educational techniques and support plans can help to
achieve this.

Housing and Environmental Constraints

The feasibility of a programme may be affected by domestic
infrastructure. For example: space limitations, unsuitable plumbing,
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inadequate electrical systems and storage difficulties may reduce
eligibility for home treatment.'® While technological developments
have reduced some practical barriers, environmental suitability
remains a fundamental concern.

Caregiver Burden

Treatment-related responsibilities can add to the emotional and
physical burden of caregivers when their involvement is necessary.

The fear of complications, the demands of long-term treatment
and changes in family dynamics may all influence the well-
being of caregivers. Therefore, ongoing professional support and
caregiver education are essential components of sustainable HHD
programmes.

Ageing and Clinical Complexity

The increasing age and burden of comorbidities in dialysis populations
may reduce the proportion of patients who are considered suitable
for autonomous home treatment.' Nevertheless, eligibility should be
assessed on a case-by-case basis, and older age alone should not
automatically preclude consideration of HHD.

Benefits and challenges of home haemodialysis compared with
in-centre haemodialysis

Compared with conventional in-centre haemodialysis, HHD has been
associated with a range of advantages across clinical, organisational,
and patient-reported outcome measures."? However, successful
implementation also requires recognition of potential limitations and
barriers that may affect suitability and long-term sustainability.

¢ Potential Benefits

Greater Autonomy and Treatment Flexibility

One of the principal advantages of HHD is the flexibility for patients
to integrate treatment into their daily lives."®* Home treatment
can provide greater freedom in scheduling dialysis, which can
facilitate employment, education, family responsibilities, and social
participation. Patients often report greater autonomy and a better
sense of independence, especially when treatment schedules can
be tailored to their needs.2
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Improved Quality of Life

Several studies suggest that HHD may contribute to improved
patient-reported quality of life compared with conventional in-centre
treatment.”® Reduced travel requirements, greater familiarity of
the home environment, and increased adaptability may contribute
positively to emotional well-being and treatment satisfaction. They
may also experience reduced post-dialysis fatigue and shorter
recovery periods, particularly when more frequent or extended
dialysis schedules are used.®®

Clinical Benefits
Reported clinical advantages in selected populations include:
» Improved blood pressure control
» Better body volume management
* Enhanced phosphate and potassium clearance
* Reduced cardiovascular stress
* Improved symptom control™®

More frequent or longer dialysis schedules performed at home
may more closely replicate physiological kidney function, although
treatment prescription should remain tailored to patient's clinical
needs.’

Healthcare System Benefits

In some healthcare systems, HHD may contribute to reduced demand
for in-centre dialysis capacity and greater treatment flexibility.? Home-
based care may also reduce transport requirements and facilitate
more personalised care pathways. However, implementation costs,
organisational readiness, and infrastructure availability can differ
considerably between healthcare systems and should be interpreted
within local contexts.

Future perspectives and practical reflection

The future development of HHD will likely depend on continued
technological innovation, improved educational pathways, and
greater integration of patient-centred approaches within renal
replacement therapy programmes.?
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International recommendations increasingly advocate early
education regarding dialysis modality options, ideally before dialysis
is initiated.?'? Structured pre-dialysis education programs can help
to improve informed decision-making and increase awareness of
home-based therapies.

Raising awareness of environmental concerns could encourage more
people to choose HHD over in-centre haemodialysis. Publicising this
greener option will also prompt countries to recognise its importance
and hopefully create national strategies to regulate and finance it.

Technological advances are also likely to influence future
implementation. Smaller machines, simplified setup processes,
remote monitoring systems, digital communication platforms,
and telemedicine may reduce barriers to home treatment and
strengthen patient safety.?’ However, successful implementation will
continue to depend on careful patient selection, structured training,
professional expertise, and sustainable organisational models.
Although HHD delivery models vary internationally, practical clinical
experience consistently highlights the importance of multidisciplinary
collaboration, continuous support, and rigorous safety processes in
sustaining home-based treatment programmes.

Conclusion

HHD is an important and increasingly recognised form of renal
replacement therapy. It offers a patient-centred alternative to
conventional in-centre dialysis for individuals who are suitable
candidates.2

Successful implementation requires careful multidimensional patient
assessment with structured training, safe home environments,
reliable technical infrastructure, and robust clinical support
systems.'® Risk mitigation strategies, caregiver support, and ongoing
reassessment are all fundamental to ensuring the sustainability of
treatment and patient engagement.

Despite the ongoing challenges, such as the complexity of treatment,
environmental limitations, health literacy barriers, and the burden
on caregivers, technological innovation and a growing focus on
personalised care are driving the international development of
HHD.!
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In order to support informed treatment decisions and ensure the
safe delivery of educational programmes, Nephrology Teams must
understand the practical, technical, and organisational aspects
of HHD. As healthcare systems evolve, HHD is likely to remain a
vital component of future kidney replacement therapy pathways,
particularly given that the healthcare models are increasingly
prioritising patient autonomy, and flexibility, as well as the awareness
of the in-centre haemodialysis environmental impact.
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Chapter 3 (part 1)

Prescription of Home Haemodialysis

Learning objectives

+ To identify appropriate candidates for HHD based on clinical,
psychosocial, and environmental factors

» To describe structured training programmes and competencies
required for safe and effective HHD

+ To define eligibility criteria and specific clinical indications where HHD
provides added benefit

Introduction

HHD is increasingly recognised as an effective and patient-centred
renal replacement therapy for people with CKD. Technological
advances improved clinical outcomes, and policy support have
contributed to renewed interest in HHD programmes."

Compared with conventional in-centre haemodialysis, HHD offers
greater flexibility, improved haemodynamic stability, and enhanced
quality of life.23# European registry data demonstrate that although
HHD utilisation has increased, overall uptake remains low,
representing approximately 5-6% of kidney replacement therapy
prevalence.® However, successful implementation depends critically
on the appropriate selection of people with ESKD, as well as robust
education and training frameworks.

This chapter explores key principles of patient selection, training
strategies, eligibility criteria, and specific indications for HHD, with
a focus on European clinical practice and multidisciplinary nursing
care.

Patient Selection for Home Haemodialysis

General Principles

Most patients in the pre-dialysis stage are medically eligible for
HHD, and selection should be based on shared decision-making
that incorporates patient preferences, quality of life, personal goals,
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clinical characteristics, family support, and the home environment.®
Selection for HHD should be individualized and based on a
comprehensive assessment of medical, functional, cognitive, and
psychosocial factors.”® Historically, HHD was limited to highly
motivated individuals; however, contemporary practice supports
a more inclusive approach, recognizing that many barriers are
modifiable through education, structured training, and targeted
support strategies."

A 2025 systematic review identified key elements associated with
successful HHD implementation:

* Home environment adequacy — physical space and availability
of appropriate electrical and plumbing infrastructure
* Self-care ability — the patient’s capacity to perform dialysis-
related procedures
* Social support — availability of a caregiver or care partner
» Patient capability — cognitive function, manual dexterity, and
motivation®
The optimal approach involves a multidisciplinary evaluation
including a nephrologist, social worker, and dialysis nurse.

Clinical Criteria

There are few absolute medical contraindications to HHD. Suitable
candidates typically include individuals with:

e Stable cardiovascular status

Although cardiovascular stability is desirable, patients with
established cardiovascular disease (including heart failure)
may benefit from HHD. HHD avoids cycles of hypervolaemia
and rapid ultrafiltration that contribute to myocardial stunning,
even in the absence of overt hypotension. Studies demonstrate
that HHD is associated with a lower risk of hospitalization for
heart failure and improvement in left ventricular ejection fraction
in patients with left ventricular dysfunction.™'?
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* Reliable vascular access (arteriovenous fistula or graft
preferred)

The arteriovenous fistula is generally the preferred access for
HHD because of superior long-term patency and lower infection
risk.’®* AVGs are acceptable but may limit the feasibility of
buttonhole cannulation. Tunnelled central venous catheters
may be used temporarily during maturation of the permanent
vascular access - however, they are associated with a higher
risk of infection, thrombotic and veno-occlusive complications,
and catheter displacement, and should therefore be avoided as
a long-term access whenever possible.

¢ Suitability for more frequent or longer dialysis sessions

In general, more frequent and/or longer dialysis sessions
are associated with better haemodynamic tolerance due
to lower ultrafiltration rates and smoother fluid and solute
removal. However, the potential benefits of more intensive
dialysis schedules should be balanced with individual patient
preferences, lifestyle, and overall clinical context. Intensive
regimens (short daily or long nocturnal schedules) provide
significant cardiovascular benefits, including reduction in left
ventricular mass, improved blood pressure control, and lower
ultrafiltration rates, thereby reducing episodes of intradialytic
hypotension. 1516

* Absence of uncontrolled psychiatric illness or severe
cognitive impairment

Controlled psychiatric disease is not a contraindication to HHD.
Depression and anxiety are common among patients with kidney
failure receiving dialysis (with a reported prevalence of 22.8—
39.3% for depression) but can be effectively treated with selective
serotonin reuptake inhibitors and cognitive behavioural therapy.’” An
observational study demonstrated that adaptive coping strategies
are significantly associated with longer technique survival in home
dialysis (explaining 16% of the variance in duration of home therapy),
suggesting that psychological interventions may facilitate successful
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treatment maintenance.'® Patients with mild-to-moderate cognitive
impairment may perform HHD with adequate caregiver support;
in contrast, severe cognitive impairment, advanced dementia, or
uncontrolled psychiatric disease that compromises treatment safety
represent absolute contraindications, particularly for independent
HHD.'®2° Relative contraindications to HDD may include:

¢ Advanced frailty with functional dependence

Frailty is common among patients with chronic kidney disease
and is associated with poorer quality of life, as well as increased
risks of hospitalization and mortality.?' However, frailty is not
an absolute contraindication to HHD. Older and frail patients
may benefit from HHD when adequate caregiver support is
available. It is essential to define individualized treatment goals
aligned with each patient’s priorities and overall care objectives.
A matched cohort study published in 2021 demonstrated
comparable or improved survival with HHD compared with in-
centre haemodialysis, even among older patients with a greater
comorbidity burden.??

¢ Unstable angina or severe arrhythmias

Unstable angina and uncontrolled severe arrhythmias represent
relative contraindications that require clinical stabilization
before initiation of HHD. However, following stabilization,
these patients may benefit from HHD because of reduced
haemodynamic fluctuations compared with conventional in-
centre haemodialysis."?

* Frequent intradialytic complications

Frequent intradialytic complications—particularly intradialytic
hypotension—may initially limit eligibility for HHD, especially
during the training phase, when clinical stability is essential
to ensure patient safety and treatment autonomy. However,
after clinical stabilization and completion of the ftraining
process, HHD may become an effective strategy to reduce the
occurrence of intradialytic hypotension rather than representing
a contraindication to its use.
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Intradialytic hypotension occurs in up to 30% of conventional in-centre
haemodialysis sessions and is associated with myocardial injury and
the development of transient regional wall motion abnormalities.
Longer HHD sessions (>4 hours), particularly when performed more
frequently during the week, allow lower ultrafiltration rates and smaller
reductions in systolic blood pressure and are associated with a lower
incidence of dialysis-induced regional wall motion abnormalities.
More importantly, eligibility criteria should remain flexible and
inclusive. Contemporary guidance supports offering home dialysis
to all well-informed individuals without contraindications, with efforts
focused on identifying and overcoming modifiable barriers.®

Psychosocial and Cognitive Factors

Successful implementation of HHD depends not only on clinical
eligibility but also on the patient’s or caregiver’s active and sustained
engagement in treatment. At this stage of the evaluation process,
particular attention should be given to the patient’'s motivation,
confidence, and willingness to assume an active role in therapy
management.®

Key aspects to consider include:

+ willingness to participate actively in treatment-related
procedures

 confidence in performing dialysis-related tasks independently
(or with supervision when required)

+ ability to integrate HHD into daily routines
+ availability of a trained caregiver when necessary

Fear of self-cannulation, anxiety related to potential complications,
and the perception of increased responsibility for treatment
management represent some of the most frequently reported patient-
related barriers to HHD implementation. These factors should be
addressed proactively through structured therapeutic education
programs, progressive supervised training, psychological support
when indicated, and contact with patients already established in
home dialysis programs.?® It is also important to recognize that patient
empowerment is a dynamic process that develops throughout the
educational pathway and training period. With appropriate support,
many patients who are initially hesitant progressively gain confidence
and autonomy over time."
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Home Environment Assessment

Environmental barriers to home haemodialysis (HHD) are common
but are often modifiable with appropriate institutional support.” A
structured home assessment is essential and should ideally include
a home visit performed by a social worker or dialysis nurse, allowing
direct evaluation of environmental conditions and identification of
practical solutions to modifiable barriers.?® The assessment should
evaluate:

1. Adequate space for equipment and consumables

Lack of space has been identified as the second most commonly
perceived barrier by patients and caregivers in a national survey
conducted in the United States.?’” Space requirements vary
significantly depending on the technology used:

¢ Conventional HHD machines — require dedicated space for
equipment (dialysis machine and water treatment system),
storage of consumables (dialyzers, bloodlines, and solutions),
and a preparation workspace.

* Modern portable systems (e.g., Physidia®, NxStage System
One®) — substantially more compact, with reduced storage
requirements and no complex water treatment infrastructure,
facilitating implementation in homes with space limitations.?¢-28

Additionally, adequate consumables storage capacity is required,
including space for approximately 1-2 weeks of supplies (dialyzers,
bloodlines, needles, dressings, and solutions), stored in a clean, dry
area protected from extreme temperatures.

2. Access to clean water, electricity, hygiene and infection
control conditions

Reliable access to clean water and electricity is essential for safe
HHD delivery and should be verified during the home assessment.
Adequate hygiene conditions are critical to prevent infectious
complication: specific training in aseptic technique, hand hygiene,
vascular access care, and early recognition of signs of infection is
essential to minimize risk of infection.*
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3. Storage capacity and waste disposal logistics

Adequate storage capacity and appropriate waste disposal logistics
should be ensured to support safe and sustainable long-term
treatment at home.

Care Partner Considerations

While some systems allow independent HHD, many programmes
require a trained care partner. This role includes:

» Assisting with cannulation and monitoring
» Supporting emergency management
» Sharing treatment responsibilities

Caregiver burden must be assessed carefully, as it can influence
long-term technique sustainability.? Emerging models such as
assisted HHD, where trained personnel provide support at home,
may help overcome these barriers and expand access. Facilitators
include education, peer support, assisted dialysis models, and
telemedicine, all of which can improve uptake and sustainability.

Fear, limited knowledge, Structured education, peer

Ratentiesl perceived lack of safety support, simulation training

Limited space,
Environmental housing constraints,
infrastructure issues

Home adaptation, technical
support, portable systems

Lack of caregiver, Assisted HHD programmes,

(LT (LN burden and burnout caregiver training and support

Limited expertise,
inadequate education
programmes, poor
access to support
services

Staff training, development
of HHD programmes,
telemedicine and
multidisciplinary care

Healthcare
system

Figure 1 - Barriers and Potential Interventions for HHD.



A guidebook on home haemodialysis for nephrology
care team

Training for Home Haemodialysis
Principles of training

Training is a cornerstone of safe HHD and should be structured,
individualized, and competency based. The success of an HHD
program depends largely on a robust patient safety framework and
the risk tolerance - the degree of clinical risk the organization is willing
and able to accept when determining patient eligibility - of the home
dialysis program. Dialysis treatments require operators to perform
dozens of steps repeatedly and reliably within a complex procedure
- in HHD, these operators are the patients themselves or their
caregivers, making attention to safety and risk mitigation essential.*°
There is no universal consensus across HHD programs regarding
optimal training schedules or methods, and individual programs
typically adopt approaches based on local experience. However,
several evidence-based principles are consistently recognized.®'

Factors influencing training duration include:

» Prior self-care experience — patients with previous self-care
experience, particularly including self-cannulation, generally
require shorter training periods

» Comorbidity burden — higher modified Charlson Comorbidity
Index scores are associated with longer training duration

* Age — older patients may require additional training sessions

Training should be delivered by experienced renal nurses and
supported by a multidisciplinary team.

Pre-training education

Pre-training education is essential to prepare both patients and
caregivers for the learning process.*® During this phase, the following
elements should be addressed:

« establishing realistic expectations regarding the training
process and daily life with HHD

« assessing individual learning styles to personalize the
educational approach

 identifying and addressing psychological barriers (e.g., fear of
self-cannulation and anxiety)

* involving caregivers and family members in the educational
process
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Intensive supervised training

This represents the core phase of the training program, during which
patients acquire the essential technical competencies required for
independent treatment.?® Training structure typically includes:

e Duration — typically 4-8 weeks (variable according to learning
pace)

* Frequency — daily or near-daily sessions during the training
period

» Staffing ratio — ideally 1:1 (nurse-to-patient)

» Setting — a dedicated training unit designed to simulate the
home environment

Training should cover a structured set of procedural steps that must
be performed repeatedly and reliably:
a) Equipment operation
» assembly and dismantling of the extracorporeal circuit
 dialysis machine programming
» system preparation and priming
» alarm management and troubleshooting

* equipment maintenance and cleaning

b) Self-cannulation of vascular access

Self-cannulation is frequently identified as one of the main barriers to
HHD adoption. Required competencies include:

» pre-cannulation access assessment (inspection, auscultation,
and palpation)

+ cannulation techniques:

- rope ladder technique — systematic rotation of cannulation
sites

- buttonhole technique — use of established subcutaneous
tracts with blunt needles

« strict adherence to aseptic technique
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* management of complications (e.g., infiltration, haematoma,
bleeding)

« safe needle removal and achievement of haemostasis

Selection of cannulation technique should be individualized.?>%
The buttonhole technique may facilitate self-cannulation for some
patients but is associated with an increased infection risk and
requires specific training for tract creation and maintenance.

¢) Emergency management

Emergency management training is critical because adverse events,
although relatively infrequent, may have serious consequences,
including significant morbidity, technique failure, or death.**
Essential competencies include:

» needle or bloodline disconnection — recognition and immediate
response

* air embolism — prevention, recognition, and management

* intradialytic hypotension — recognition, intervention, and
prevention

» bleeding — control and indications for seeking urgent
assistance

* equipment failure — troubleshooting and backup procedures
* basic cardiopulmonary resuscitation training for both patients
and caregivers
d) Monitoring
» recording dialysis and vital parameters
« monitoring body weight and fluid balance
* recognizing warning signs requiring clinical attention

* maintaining effective communication with the clinical team

e) Non-technical skills

Non-technical competencies are equally important for successful
independent dialysis and include problem-solving and decision-
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making skills, development of self-efficacy and confidence, and
stress and anxiety management. These skills are critical because
fear and uncertainty represent major barriers to independent home
dialysis.

Competency assessment should be standardized and documented.
Ongoing reassessment is recommended to ensure long-term
treatment safety.

Transition to home

The transition from the training environment to the home requires
careful planning.?® During this stage, several key elements must be
ensured:

 installation and testing of dialysis equipment in the home
environment

 verification of infrastructure requirements (water supply,
electricity, and drainage)

+ organization of consumables storage
+ establishment of a reliable supply delivery system

» confirmation of emergency contacts and availability of 24-hour
support

The first treatments performed at home require intensified support
during the early transition period.3® This support can be optimized
through several key components:

* home visits by the HHD nurse — direct observation of the first
home treatments

» frequent telephone contact — daily or near-daily follow-up
during the initial phase

* 24-hour availability — access to a support line for clinical
questions and emergencies

* remote telemonitoring, when available — telemedicine and
remote monitoring have become central components of modern
HHD programs, improving safety, reducing patient isolation,
and enhancing confidence in treatment delivery."?
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Ongoing support

Training does not end at initiation. Continuous support includes:
» Regular follow-up (in-person or via telehealth)
* Remote monitoring of treatment data

» Access to 24-hour technical and clinical support

Role of the renal nurse
Renal nurses play a central role in HHD programmes which includes:
» Patient assessment and selection
» Delivery of education and training
» Competency evaluation
» Ongoing clinical and psychosocial support
« Coordination of multidisciplinary care
Shortage of experienced staff is a recognised barrier to HHD
expansion, reinforcing the importance of specialised nursing training
and workforce development.
Specific Indications for Home Haemodialysis

HHD may be particularly advantageous in specific clinical scenarios:

1. Cardiovascular Disease

More frequent or prolonged dialysis improves:
* Blood pressure control
 Left ventricular hypertrophy
* Volume management

These benefits are especially relevant for people with resistant
hypertension or heart failure.'8
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2. Poor Tolerance to Conventional Haemodialysis
Individuals experiencing:

 Intradialytic hypotension

» Post-dialysis fatigue

* Long recovery times

may benefit from shorter and more frequent HHD sessions.’

3. Younger and Working Individuals
HHD provides:

* Flexible scheduling

» Greater independence

» Improved ability to maintain employment or education

4. Preference for Nocturnal Dialysis

Some individuals may particularly benefit from or prefer nocturnal
HHD schedules, which allow longer treatment times with lower
ultrafiltration rates, improved haemodynamic tolerance, greater
daytime freedom, and potentially better dialysis adequacy and
quality of life. This option may be especially attractive for active or
working patients seeking greater flexibility and a treatment schedule
better integrated into daily life.

5. Pregnancy or Preconception Planning

Intensive dialysis regimens, often feasible at home, are associated
with improved maternal and foetal outcomes.

6. Remote or Rural Residence

HHD reduces travel burden and improves access to care for people
living far from dialysis centres.

7. Preference for Autonomy and Quality of Life

Patient preference remains a central indication. Shared decision-
making is essential, and individuals should be offered HHD as a
standard option.
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Conclusion

HHD represents a safe, effective, and increasingly accessible
modality for people with ESKD. Appropriate patient selection
requires a holistic assessment encompassing clinical, psychosocial,
and environmental domains.

Structured, nurse-led training programmes are essential to ensure
competence, safety, and long-term success. Importantly, eligibility
criteria should be flexible and inclusive, with a focus on overcoming
modifiable barriers.

HHD is particularly beneficial in individuals requiring intensive
dialysis, those with cardiovascular instability, and those seeking
greater autonomy. Expanding access to HHD in Europe will depend
on improved education, workforce development, policy support,
and integration of telemedicine, alongside a continued shift towards
person-centred care.
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Chapter 3 (part 2)

Prescription of Home Haemodialysis

Learning objectives:

» To understand the principles guiding the prescription of HHD
» To identify the key parameters that can be individualised when
prescribing HHD

» To recognise specific clinical situations in which intensive HHD may
be particularly beneficial

Introduction

Since the introduction of dialysis as a KRT, defining the optimal
dialysis dose has been a key objective in reducing morbidity and
mortality. Traditionally, dialysis adequacy has been assessed using
urea kinetics, with urea clearance as the main surrogate marker of
treatment efficacy. However, this approach has important limitations,
and it is now widely recognised that adequacy cannot be fully
explained by urea clearance alone.?

A broader perspective has emerged, incorporating not only solute
removal but also volume management, preservation of RKF,
cardiovascular protection, and quality of life. This shift has been
reinforced by the KDIGO Controversies conference held in 2018,°
which promotes a more patient-centred approach to defining dialysis
adequacy. Recognising that “adequacy” may be perceived differently
by clinicians and people living with kidney disease, current practice
emphasises shared decision-making. This approach—often referred
to as goal-directed dialysis—involves individualising treatment goals
and dynamically reassessing them over time according to both
clinical evolution and patient priorities.?

This paradigm is particularly well suited to HHD, where the inherent
flexibility to adjust treatment frequency, duration, and timing enables
dialysis to be tailored to the individual’s life, instead of requiring the
individual to adapt to the treatment.*

This chapter outlines the key principles of HHD prescription, with
the aim of optimising clinical outcomes while maximising patient
autonomy and quality of life.
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A. Prescribing Home Haemodialysis

The concept of an “optimal” HD regimen remains challenging to
define, and a single prescription is unlikely to be appropriate for all
individuals. Instead, HD should be individualised, moving away from
a “one-size-fits-all” approach towards a personalised and dynamic
model of care that integrates patient goals and preferences while
maintaining standards of quality and safety.?

HD prescription should consider clinical status, RKF, comorbidities,
and individual preferences, while allowing adjustment of key
parameters such as frequency, duration, blood and dialysate flow
rates, dialyser characteristics, and dialysate composition. Although
these variables can be modified in in-centre HD, HHD offers
substantially greater flexibility, enabling closer alignment with both
clinical needs and lifestyle considerations.5®

There is no standardised HHD prescription. While thrice-weekly HD
remains the most common regimen in dialysis centres, largely due
to logistical constraints, HHD supports more frequent and/or longer
schedules. Increased treatment frequency is a key component,
associated with improved phosphate control, better blood pressure
and volume management, regression of left ventricular hypertrophy,
enhanced haemodynamic tolerance, and improved patient-reported
outcomes, including recovery time and quality of life.”" Survival with
long nocturnal HD may approach that of deceased-donor kidney
transplantation.'?4

Amajor advantage of HHD is the ability to avoid prolonged interdialytic
intervals, particularly the 72-hour “weekend gap” (Figure 1), which
is associated with increased cardiovascular risk.'®'® Regimens
of at least four sessions per week or alternate-day schedules are
therefore recommended when feasible.

However, treatment intensification requires careful monitoring and
must be balanced against potential risks, including vascular access
complications, hypophosphataemia, possible loss of RKF, and
caregiver burden.''® Consequently, it should be approached as a
highly individualised strategy, ensuring that potential clinical benefits
are carefully weighed against the patient’s specific circumstances
and aligned with their life goals.®
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Figure 1: Annual rates of mortality (A) and hospital admissions (B) due to
cardiovascular causes according to the different days of the week for dialysis.

Finally, technological advances have further facilitated HHD through
the development of compact, user-friendly, and often portable
systems. When solute clearance is evaluated using Kt/V, stdKt/V
should be used to reflect cumulative weekly clearance, rather
than relying on single-session metrics such as spKt/V (Figure
2)?°, However, it is important to recognise that dialysis adequacy
is a broader concept and should not be defined solely by Kt/V, as
previously discussed.

Overall, HHD represents a flexible, individualised approach in which
adequacy is a dynamic process that evolves with clinical status
and patient priorities. Accordingly, continuous reassessment and
adaptation of the prescription are essential to ensure high-quality care.

Volume cleared (spKt/V) by treatment frequency?
Example for spKt/V of 2.3

E!!!

Figure 2: The figure above represents the volume cleared per treatment to achieve
a standardized stdKt/V of 2.3. Note that standardized Kt/V is not a linear function of
single pool Kt/V.?!



European Dialysis and Transplant Nurses Association/European Renal Care Association
Joana Fontes

Different options regarding available prescriptions for HHD

Traditional 300- HCO3

Conventional & 400 W | oren 2 2o XIS
Traditional 350— HCO3,
short dally 5-6 25-3.5 400 350-500 28-35 2 1.25 None
Traditional 250- HCO3, 20-30%
nocturnal =8 B3 300 S0 28-35 9 15175 ftime
Alternate-
R 250— HCO3,
night 3.5 6-8 300 300-500 2835 2 1.25 Rare
nocturnal
Lactate,
Lwa-ﬂow 300- 20-30 L 40-45
dialysate 5-7 2-35 per 1-2 1.5 None
" 400 . or HCO3
short daily session
35
Low-flow 30-60 L
. 200- Lactate,
dialysate 4-6 6-8 300 per 40-45 2 1.5 None
nocturnal session
Low-flow
Alternate- 55 as 200— 32;60 L Lactate, 2 15 -
night : 300 per 40-45 :
session
nocturnal

Table 1: Adapted from: Lockridge R, Cornelis T, Van Eps C. Prescriptions for HHD.
Hemodial Int. 2015;19 Suppl 1:S112-27.%2

B. Home Haemodialysis prescription according to the available
device

Most HD devices can be used in the home setting; however,
dedicated HHD systems have been developed to simplify treatment
delivery. These devices are typically smaller, portable, and often
operate with low dialysate flow rates, facilitating their use outside the
hospital environment.??

Traditional HD monitors, by contrast, require fixed water treatment
systems and, when used at home, necessitate reverse osmosis
installation. While prescription principles remain similar to in-centre
HD, the home setting allows greater flexibility to increase treatment
frequency and/or duration and to avoid prolonged interdialytic
intervals.
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The growing availability of low-flow dialysis systems represents a
major development in HHD These systems differ from conventional
monitors in dialysate flow, solute clearance, and treatment metrics,
requiring adapted prescription strategies. Currently, the main low-
flow systems include NxStage and Physidia S3.

Given their relatively recent introduction, this chapter includes a
dedicated section outlining their characteristics and providing practical
guidance for their appropriate prescription, which is essential to ensure
adequate dialysis delivery and optimal patient outcomes.

1. Prescribing HHD with the Physidia S3 System

The Physidia S3 is a HHD monitor developed in France and has been
available in Europe since 2013. It is specifically designed for home
use, combining ease of operation with prescription safety through
an RFID prescription card. The system also integrates Bluetooth-
enabled blood pressure monitoring and advanced connectivity,
enabling automatic capture and transmission of treatment and
haemodynamic data. Through a secure digital platform (with an
approximate 5-minute delay), clinicians can remotely supervise
sessions, review automated reports, and maintain continuous clinical
oversight, enhancing patient safety, reducing the need for in-person
visits, and facilitating communication between the patient and the
healthcare team.

The Physidia S3 allows a high degree of prescription flexibility,
including adjustment of treatment duration, frequency, buffer
composition (bicarbonate or lactate), and dialyser selection, as it is
not limited by fixed cartridges.

A distinctive feature of the system is self-convective HD (SeCoHD®),
which combines diffusive and convective solute transport without
the need for external substitution fluid or a conventional water
treatment system. This is achieved through the PhysiFlow® cassette,
using a pneumatic push—pull mechanism to generate dialysate flow
and precisely control fluid balance. This approach enhances the
clearance of middle- and large-molecular-weight toxins, reduces
uraemic symptoms, and minimises haemoconcentration, thereby
lowering coagulation risk. In addition, dynamic ultrafiltration control
adapts to changes in venous pressure, improving treatment safety
and precision.
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As mentioned before, treatment delivery is governed by the
programmed RFID card, ensuring adherence to the prescribed
regimen. Although this limits real-time patient adjustments, flexibility
can be maintained by providing multiple prescription cards tailored to
different treatment scenarios.

Overall, the Physidia S3 represents an advanced and adaptable
HHD platform that combines prescription flexibility, safety, and
remote clinical oversight.
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Figure 3: Physidia S3 Monitor. © 2026 Physidia - Tous droits réservés. Used with
permission.
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Figure 4: Convective transfer of molecules via the Self-Convective HemoDialysis
(SeCoHD®) system, which consists of HD with controlled internal convection.

1.1 Characteristics of the dialysate with the Physidia S3 system

The system operates using sterile, pre-prepared, ready-to-use 5-L
dialysis fluid bags, eliminating the need for on-site fluid production. It
allows the use of two types of buffer solutions, selected according to
patient-specific needs: lactate-based solutions in single-compartment
bags or bicarbonate-based solutions in double-compartment bags.
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a. Lactate

For lactate-buffered dialysis, several formulations are available,
with the most commonly used containing 1.5 mmol/L of potassium
(STL1550E) (Table 3).

Figure 5. Lactate bag. Figure 6. Lactate support.

Lactate Na+ K+ Ca2+ Mg2+ cl- Glucose

(mmol/l) (mmol/I) (mmol/I) (mmol/l) (mmol/I) (mmol/l) (mmol/I)

STL1550E 40 140 15 1,5 0,5 105,5 5,55

Table 3. Composition of dialysis fluid using lactate as the buffer.

b. Bicarbonate

For bicarbonate-buffered dialysis, double-compartment bags are
used, allowing the preparation of fresh bicarbonate-based dialysate
at the time of treatment. Different formulations are available, typically
with potassium concentrations of 1.0 or 1.5 mmol/L (Table 4).

Tray system with trays

~ Dialysatesuctionine

Bicarbonate dalysate bags
(five SLbags)
Interconnected tubing
set for dialysate bags )
Base with detectorfor bags with
reconstituted solutions

Lightsignal

Bag  dialysate cassette

P — connector

Figure 7. Bicarbonate bag. Figure 8. Bicarbonate trays.
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Na+ K+ Ca2+ Mg2+ Cl- Glucose Osmolarity
(mmol/1) (mmol/1) (mmol/l) (mmol/1) (mmol/1) (mmol/l)  (mosmol/l)

HCO3- (mmol/l)

HMB35/1,5 35 140 1,5 1,5 0,5 110,5 5,55 2946

Table 4. Composition of dialysis fluid using bicarbonate as buffer (1,5 mmol/l K and
1 mmol/l K).

1.2 Prescription parameters for the Physidia S3 system

Overall, the Physidia S3 system is a HHD platform designed to
facilitate safe, flexible, and efficient dialysis in the home setting. Its use
of pre-prepared sterile dialysate bags eliminates the need for a water
treatment system, simplifying logistics and improving accessibility.
Prescription is individualized through an RFID card, ensuring accurate
and reproducible delivery of therapy. In Table 5 we summarize some
key principles when prescribing HHD with this device.

Reduces interdialytic weight gain
5-7 sessions/week and uraemic toxin fluctuations;
Avoid 22 consecutive  improves haemodynamic stability,
days without dialysis  LVH regression, survival, and

hospitalisation rates

Treatment
frequency

Optimal balance between solute
clearance and lifestyle; diminishing
returns beyond early phase; allows
safer ultrafiltration

Session duration  2-3 hours/session

Limited impact on small-solute
clearance in low-flow systems; 2250
mL/min improves fibre rheology and
reduces clotting risk

Blood flow (QB) 250-350 mL/min

Low-flow design reduces fluid

Dialysate flow requirements; adequate stdKt/\V

150-200 mL/min

(QD) (>2.1) achievable depending on
frequency
Dialysate Improves haemodynamic

35-36°C stability and reduces intradialytic

temperature hypotension

Ultrafiltration rate Minimises myocardial stunning and
(UFR) S I cardiovascular risk

Convection .

(reinjection 0-3 L/h (as tolerated) SurEeS bl s el S

molecule clearance via SeCoHD®
volume)



Bolus

Priming volume

Heparin

Dialyzer type

Dialysis fluid type
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150-200 mL

2-5 per session
Safety interval: 1-5
min

600—-2000 mL
(standard ~1200 mL)

Prefer no heparin in
short daily HHD

If needed: initial low
molecular weight
heparin (LMWH)
dose

Any compatible
dialyzer

Bicarbonate or lactate
Adjust K+
concentration
individually

care team

Used for hypotension management
or circuit washing; rapid repetition
possible in acute events

Depends on dialyzer/lines; fluid
discarded to waste to ensure circuit
quality

Minimises bleeding risk while
maintaining circuit patency

System allows flexible dialyzer
selection according to patient needs

Allows personalization of electrolyte
and buffer composition (Table 6).

Table 5. Summary key points regarding the prescription parameters for HHD with

Physidia S3 System.

Available formulations

HCO3- / C3H603- 35 mmol/L 35 mmol/L 40 mmol/L

Na+ 140 mmol/L 140 mmol/L 140 mmol/L

K+ 1 mmol/L 1.5 mmol/L 1.5 mmol/L

Caz2+ 1.5 mmol/L 1.5 mmol/L 1.5 mmol/L

Mg2+ 0.5 mmol/L 0.5 mmol/L 0.5 mmol/L

Cl- 110.5 mmol/L 105.5 mmol/L 110 mmol/L

Glucose 1g/L 1g/L 1g/L

Osmolarity 294.6 mOsmol/L 294.6 mOsmol/L 294 mOsmol/L

Table 6. Composition of dialysis fluid with Physidia.

After establishing the prescription, a formal calculation of stdKt/V
using validated tools is strongly recommended (Table 7) to ensure
that the delivered dialysis dose meets adequacy targets for frequent
HD regimens. This approach enables accurate assessment of
cumulative weekly clearance, particularly in schedules that differ from
conventional thrice-weekly HD. As discussed above, assessment
should be multidimensional, integrating quantitative measures
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such as stdKt/V with clinical evaluation (including volume control,
haemodynamic stability, metabolic management, nutritional status,
treatment tolerance, and quality of life) and ongoing monitoring, to
ensure that dialysis is not only effective but also safe, well tolerated,
and aligned with individual patient goals.

Estimated dialysis dose
Estimation of the dialysis dose based on treatment parameters

. . Frequency Session | Dialysate Flow q
Gender Age Weight (kg) | Height (cm) cessmsiee) | e ) (ml/min) Session Kt/V| std Kt/V Bags
M 60 80 175 6 120 180 050 240 5
M 60 80 175 5 150 180 0.63 2.38 6
M 60 80 175 ) 180 150 065 2.44 6
M 60 80 175 6 180 150 0.65 2.94 6

Table 7. Example of tables for calculating the estimation of dialysis dose according to
treatment parameters. This shows examples of the most commonly used prescriptions
to individualize treatment, based on a clearance target according to standard Kt/V
(StdKt/V).

2. HHD Prescription with the NxStage System One

The NxStage System Oneis a HHD platform developed in the USAand
has been available in Europe since 2010. It is specifically designed
for home use, requiring no fixed water treatment installation, and is
more compact and user-friendly than conventional HD monitors.

The system allows two options for dialysate preparation: on-site
generation using tap water processed through a dedicated filtration
system and mixed with an acid concentrate, or the use of pre-
prepared bags of ultrapure lactate-based dialysate. This flexibility
facilitates its use across different home environments.

Prescription with the NxStage System One follows a structured,
software-guided approach, supported by the proprietary “Dosing
Calculator”,a tool developed by the manufacturer to guide system-
specific prescription,which assists clinicians in individualising
treatment parameters to achieve adequacy targets while
accommodating patient-specific clinical characteristics and lifestyle
needs.

2.1 Dosing Calculator Software

The NxStage Dosing Calculator (https://dosingcalculator.nxstage.com)
is a proprietary tool specifically designed to support HHD prescription
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using the NxStage System One. Based on validated algorithms and
patient-specific inputs, it generates treatment options that achieve
a predefined dialysis dose, facilitating the selection of regimens
aligned with both clinical targets and patient lifestyle.

To generate these prescriptions, a set of individual patient
parameters must be entered into the calculator (Table 9). These
include total body water (estimated using the Watson formula or
entered directly), target weekly standard Kt/V (stdKt/V), blood flow
rate (QB), haematocrit, and weekly ultrafiltration volume. Additional
parameters include maximum ultrafiltration rate, minimum treatment
hours per week, and options to include or exclude thrice-weekly
regimens. The calculator also allows adjustments such as rounding
dialysate volumes to standard bag capacities and accounting for
saline flushes within the ultrafiltration target.

Once all parameters have been entered, the calculator generates
an “Options Table” (Table 8), which displays a range of treatment
regimens that meet the prescribed adequacy target while respecting
the defined clinical constraints. These options vary in terms of
treatment frequency (sessions per week), session duration, and
dialysate volume per session.

All regimens presented achieve the target stdKt/V and comply with
the specified limits for ultrafiltration, treatment time, and frequency.
This structured approach supports the selection of an appropriate
dialysis schedule tailored to the patient’s clinical needs while allowing
flexibility in treatment planning.

The availability of multiple equivalent regimens allows dialysis
to be adapted to the patient's and caregiver’s lifestyle without
compromising adequacy targets. This flexibility represents a key
advantage of the system, supporting a patient-centred approach in
which treatment can be adjusted while consistently maintaining the
prescribed dialysis dose.

The Dosing Calculator should be regarded as a supportive tool
that facilitates prescription. However, it does not replace clinical
judgement. The final prescription must always be determined by
the treating physician, who is responsible for selecting the regimen
that best aligns with the patient’s clinical condition, needs, and
circumstances.
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Treatment Option Results

Treatment Options Treatment Parameters

Treatments/ Duration Volume Target Single Pool DFR DFR
Week () 5] stdKuV Kiv (Uhr)  (mimin)
7 2:30 20 25 051 80 133
7 210 25 25 052 15 192
6 5:00 20 25 055 X

6 2:30 25 25 062 100 167
5 5:50 25 25 069 43 7

5 3:20 30 25 075 90 150
2on, 1off 420 30 25 079 69 115
4 420 40 25 1.0 92 154
4 410 50 25 102 120 200
Every Other Day 5:00 50 25 124 100 167

Table 8: “Options Table” provided by the Dosing Calculator to guide different treatment
regimens with the NxStage SystemOne (https://dosingcalculator.nxstage.com).

Information required to use the NxStage Dosing Calculator

Estimated via Watson equation
(age, weight, height, sex; 218
years) or entered directly in litres

Total Body Water Watson formula or
direct entry
Defines desired weekly dialysis
Target stdKt/V User-defined dose; determines treatment
options generated

Blood flow (QB) According to Reflects achievable blood f!ovy
vascular access based on access characteristics
Haematocrit Whoole AL Current patient haematocrit value
(no %)
Weekly UF volume Liweek Total planned ultrafiltration over
one week
Maximum UF rate Uh Sets upper safety limit for

ultrafiltration rate

Minimum weekly dialysis time

Minimum hours/week  User-defined .
required

Allow 3 sessions/ Includes or excludes thrice-weekly
Yes / No )
week regimens
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Rounds volumes (35,45,55 L —

Round to nearest SAK Yes/No 40,50,60 L) to match standard bag
capacities

Include saline wash Adds ~280 mL per session to UF

. Yes / No .

in UF target to account for saline flush

Table 9. Summary key points regarding the information required to use the NxStage
Dosing Calculator.

2.2 Characteristics of the dialysate with the NxStage System
One

Akey feature of the NxStage System One is the flexibility in dialysate
delivery, allowing the use of two main approaches: pre-prepared,
ready-to-use dialysis fluid bags (5-L RFP bags) or on-site dialysate
production using tap water processed through the PureFlow
SL purification system (PAK), which is then mixed with an acid
concentrate (SAK) to generate dialysis fluid.®

Both approaches offer different formulations in terms of potassium
and lactate concentrations, enabling individualisation of dialysate
composition according to patient-specific clinical needs. These
options are available for both premixed dialysate (RFP) Table 10 and
on-site generated dialysate (SAK) Table 11.

Premixed dialysate bag formulations

Constituents RFP-204 RFP-205 RFP-207 RFP-209 RFP-211
Lactate 40 mmolL 35 mmol’L 45 mmoliL 45 mmol/L 40 mmolL
Potassium 1 mmolL 2 mmol’L 1 mmolL 2 mmel/'L 2 mmaolL
Sodium 140 mmal/L

Calcium 1.5 mmalL 1.5 mmol/L 1.5 mmol/L 1.5 mmal/L 1.75 mmolL
Magnesium 0.5mmokL

Chioride 105 mmolL 112 mmal/L 100 mmal/L 101 mmalL 106.5 mmoal/L
Glucose 11 gL

Osmolarity (calculated) 204 mOsmolL 288 mOsmolL 204 mOsmolL 296 mOsmolL 296 mOsmol/L

All RFP-2XX flulds are packaged In 5.0 lire bags and will typlcally have up 1o 1.5% overfll.

Table 10: Different options for premixed dialysate bags with the NxStage SystemOne.
Not all concentrates are available in all countries.?’

NxStage System One Monitor© 2026 Fresenius Medical Care -All rights Reserved.
Used with permission.
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Dialysate concentrates

The PureFlow SL System prepares baiches of dialysate In the following formulations and

- volumes:
SAK- SAK- SAK- SAK- SAK- SAK- SAK-

Constituents 301/401 302/402 3037403 304/404 3057405 306/406 3077407
Lactate 45mmoll  40mmall  45mmall  45mmoll  45mmeoll  45mmoll 40 mmalL
Fotasslum 1 mmol/L 1 mmal/L 1 mmol/L 2mmolL 1 mmolL 2 mmolL. 1 mmalL
Sodlum 140 mmol'L
Calclum 15mmoll. 15mmoll 1&mmoll 15mmoll {5mmoll 15mmokl 1.5 mmolL
Magnesium 0.5 mmolL
Chioride 100mmolL. 105 mmolL  100mmolL 101 mmol/l.  100mmolL 101 mmall 105 mmalL
Glucosa 100 mg/dL
Batch skre 6oL 60L 50L 60L 40L BOL BOL

Table 11: Different dialysis fluid options with PureFlow for the NxStage
SystemOne. Not all concentrates are available in all countries.?’
NxStage System One Monitor© 2026 Fresenius Medical Care -All rights Reserved.
Used with permission.

An important consideration when prescribing HD with the NxStage
System One is that the dialysate calcium concentration is fixed,
with only one formulation currently available (calcium 3 mEg/L or
1.5 mmol/L). Therefore, modulation of calcium balance cannot be
achieved by adjusting dialysate composition. When a reduction in
calcium exposure is required, this must be addressed by modifying
treatment parameters—such as decreasing the dialysate volume
per session or reducing treatment frequency—thereby lowering total
calcium load delivered through dialysis.

Another key aspect of the NxStage System One is that dialysate
uses lactate, rather than bicarbonate, as the buffer. Two formulations
are available (lactate 40 and 45 mEg/L), allowing individualisation
according to the patient’s acid—base status. Adjustment of acid—base
balance is therefore achieved by selecting the appropriate lactate
concentration: if serum bicarbonate levels are suboptimal with lactate
40 mEq/L, a switch to lactate 45 mEqg/L may be considered, and vice
versa. In cases where bicarbonate levels remain insufficient despite
the higher lactate concentration, additional strategies—such as oral
bicarbonate supplementation or adjustment of dialysate flow—may
be required.



A guidebook on home haemodialysis for nephrology

care team
Serum bicarbonate using Lactate dialysate concentration using the NxStage system
the NxStage system 40 mmol/L 45 mmol/L
<22 mmol Consider 45 mmol/l Recommended

22-26 mmol/l Recommended Recommended

> 26 mmoll Recommended Consider 40 mmol/L

Table 12: Recommended lactate concentrations based on serum bicarbonate
levels.?

It is important to note that lactate-based dialysate relies on hepatic
metabolism for conversion to bicarbonate. Therefore, in patients
with impaired lactate metabolism (e.g. advanced liver disease,
post-liver transplantation, or lactic acidosis), the use of lactate-
buffered solutions is contraindicated, as it may lead to persistent
metabolic acidosis. In such cases, this system is not appropriate,
and alternative options should be considered, including traditional
haemodialysis systems or other portable low-flow devices capable of
delivering bicarbonate-based dialysate.

In practice, prescription with the NxStage System One is guided by
the Dosing Calculator, which generates treatment options based
on patient-specific parameters and predefined adequacy targets.
The resulting regimens—varying in frequency, session duration,
and dialysate volume—allow treatment to be individualised while
ensuring that prescribed dialysis targets are consistently achieved.

In addition to the parameters requested by the Dosing Calculator,
additional considerations must be taken into account when adjusting
the prescription.

Should be adapted to
access performance and
patient tolerance

Blood flow (QB) 300-350 mL/min (adjust to
vascular access)
Higher rates associated with
<7-10 mL/kg/h haemodynamic instability
and cardiovascular risk

Maximum UF
rate

Used for priming and for
Circuit priming  Saline solution intradialytic boluses if
hypotension occurs
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Frequent short sessions

Prefer no heparin in short daily often allow heparin-free

Anticoagulation /. vy if needed

dialysis
. Integrated cartridge (e.g. No individual dialyser
Dialysertype b ;pEMA H) selection possible
Dlalysatfe. Lactate-based with variable K+ Adapted to patient metabolic
composition and electrolyte needs
Dialysate Choice depends on home
delivery PureFlow or pre-prepared bags logistics and patient

preference
Table 13: Additional Prescription Considerations for HHD with NxStage.?'

C. Prescription of HHD in special situations

D.1 Obesity and low-flow dialysate systems

In individuals with obesity, no major adaptations are usually required
when prescribing haemodialysis with traditional monitors. However,
when low-flow dialysate systems are used, specific considerations
are necessary to ensure that an adequate solute clearance is
achieved.

In this population, urea-based Kt/V may underestimate the true
delivered dialysis dose. This is because adipose tissue increases
total body weight, and therefore the calculated distribution volume
(V), without a proportional increase in total body water, which is
the compartment where urea is distributed. As a result, adequacy
calculations based on Kt/V may be inaccurate. For this reason,
current recommendations suggest using measured total body water
(e.g. via bioimpedance), ideal body weight, or alternative metrics
such as body surface area when estimating solute clearance.?*

In clinical practice, when prescribing with low-flow systems:

» Total body water should be entered manually based on
measured values rather than estimated from body weight.

+ Treatment intensity (in terms of frequency and/or duration)
often needs to be increased to achieve adequate solute
clearance
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D.2 Haemodynamic Instability

Intradialytic hypotension is a common complication in HD and is
associated with increased morbidity and mortality. It results from
an imbalance between effective circulating blood volume and the
haemodynamic response, typically occurring when the ultrafiltration
rate exceeds the plasma refill rate during the dialysis session.'%%
Patients with autonomic or baroreceptor dysfunction (e.g. diabetes
or advanced age), as well as those with underlying cardiac disease
(such as left ventricular hypertrophy or ischaemic heart disease),
have a reduced capacity to compensate for ultrafiltration and are
therefore at higher risk.?

Haemodynamic instability remains challenging to manage with
conventional HD regimens. More intensive strategies—by increasing
treatmentfrequency and/or prolonging session duration—canimprove
tolerance by reducing interdialytic weight gain and allowing lower
ultrafiltration rates (Figure 6).2 In this context, home HHD represents
an attractive option, as it enables treatment individualisation and
facilitates these adjustments with minimal impact on quality of
life. Notably, nocturnal HHD is particularly effective in improving
haemodynamic stability, as extended treatment duration allows more
gradual fluid removal and lower ultrafiltration rates. This modality will
be discussed in more detail in the following section.

A key factor contributing to volume imbalance and difficulty
in achieving adequate ultrafiltration is inaccurate dry weight
assessment, together with excessive interdialytic weight gain. For
patients undergoing HHD, these aspects should be clearly addressed
during training, ensuring that patients understand their importance
and are able to adjust treatment accordingly.
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Increasing dialysis frequency

UF rate (mL/h/kg) =

@ Post-weight (kg)
Extending dialysis time

Figure 6: Formula explaining the parameters related to the ultrafiltration rate during
a HD session. Changes in frequency or duration can alter this ultrafiltration rate to
improve the patient’s haemodynamic tolerance.

Although intradialytic hypotension remains a relevant risk in the
home setting, it can be significantly reduced through appropriate
education. Ensuring that both patients and caregivers understand
the underlying principles and are trained to recognise and manage
hypotensive episodes during treatment, is essential for the safe
delivery of HHD.

If haemodynamic instability cannot be adequately controlled at home
despite appropriate preventive and corrective measures, transition
to in-centre HD should be considered to prioritise patient safety.92

Suggestions for managing patients with hemodynamic instability

Dry weight Daily adjustment
Frequency 6-7 days

Set a maximum UF per session.
Ultrafiltration rate < 7—10 mL/kg/h

Dialysate temperature 35,5°C

Ultrafiltration

Adjust electrolytes

Dl L (Avoid low levels of magnesium and calcium)
Adjust sodium profile When possible
Online HD When possible

Nocturnal HD When possible
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Dialysis in the supine position
Do not eat during the session

Other measures Consider a preventive saline bolus in selected patients
with low blood pressure, even if asymptomatic, to
reduce the risk of severe hypotension

Table 14: Parameters to consider when prescribing patients with poor haemodynamic
tolerance.

D.3 HD and Pregnancy

Pregnancy is uncommon in women receiving dialysis due to fertility-
related complications associated with kidney disease. However, when
it occurs, it represents a major clinical challenge given the high rates
of maternal and foetal morbidity and mortality.?°-*> Optimal outcomes
require close interdisciplinary management involving nephrologists,
obstetricians, nutritionists, neonatologists, and specialised nursing
staff.

In this context, more intensive HD regimens have been associated
not only with improved fertility but also with a higher likelihood of
achieving full-term pregnancy and favourable maternal and foetal
outcomes.*®

Given the need for substantially increased dialysis intensity, HHD
provides a particularly advantageous setting, allowing escalation of
dialysis dose while minimising the impact on quality of life.

The main considerations for HD prescription during pregnancy are
summarised in Table 15.

Weekly dialysis hours > 36 hours per week
Frequency 6—7 days

Avoid hypotension (< 120/70 mmHg)

ACIWE W B e Ultrafiltration rate < 5 ml/kg/h

Volume control Maintain post-dialysis BP < 140/90 mmHg
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Potassium in dialysis fluid 3 mEqg/L
Calcium in dialysate 3 mEg/L (1.5 mmol/L)
Anticoagulation Unfractionated heparin if required

Table 15: Parameters to consider when prescribing during pregnancy.

In addition to dialysis prescription, close monitoring of anaemia is
essential, including the use of erythropoiesis-stimulating agents
(ESAs) and, when required, intravenous iron to maintain haemoglobin
levels between 10 and 11 g/dL. Nutritional status should also be
carefully assessed, along with the potential need for phosphorus and
magnesium supplementation.®*

Following pregnancy, the patient should transition to the dialysis
regimen that best aligns with her clinical condition and individual
circumstances. In this context, shared decision-making is essential
to reassess and adapt dialysis options according to the patient’s
needs, circumstances, and life goals, with the aim of optimising long-
term outcomes alongside life participation and quality of life.®®

D.4 Home Nocturnal HD

Nocturnal HHD has demonstrated multiple clinical, biochemical,
and quality-of-life benefits. These advantages are primarily driven
by the substantial increase in treatment duration per session,
resulting in greater weekly dialysis time. This leads to enhanced
clearance of uraemic toxins with more complex kinetics than urea—
such as phosphorus and B2-microglobulin—as well as improved
haemodynamic stability through lower ultrafiliration rates and
enhanced plasma refill. In addition, increased dialysis frequency
and duration have been associated with reduced sympathetic
activity, improved inflammatory profile, and enhanced myocardial
function.27:35:3¢

Clinically, nocturnal HHD is associated with excellent haemodynamic
tolerance, improved blood pressure control—often with a reduced
need for antihypertensive therapy—and regression of left ventricular
hypertrophy, largely driven by improved volume control and lower
ultrafiltration rates.®” It also provides superior phosphate control,
frequently reducing the need for phosphate binders,*® along with
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improvements in selected domains of quality of life®® and encouraging
survival outcomes comparable to those observed in deceased-donor
kidney transplant recipients.'?

In terms of patient selection, nocturnal HHD is particularly suitable for
individuals requiring improved volume control, those with significant
interdialytic weight gain or poor haemodynamic tolerance, and
patients with inadequate phosphate control. Importantly, by shifting
treatment to nighttime, it frees daytime hours from dialysis, thereby
enhancing patients’ ability to participate in daily activities and making
it an attractive option for improving quality of life.4°

Nocturnal HD can be performed using conventional haemodialysis
monitors. When considering low dialysate flow systems, this modality
is currently feasible only with the NxStage system,*' as the Physidia
S3 is not designed for this type of prescription.

Key prescription considerations include:

» Time and frequency: typically, 6—8 hours per session, aligned
with sleep, on alternate days or according to patient needs.

* Blood and dialysate flow: generally lower than in conventional
or short daily regimens.

« Anticoagulation: adjusted to prevent circuit clotting; in Europe, a
single initial dose of low-molecular-weight heparin is commonly
used.

« Dialysate composition: higher potassium concentrations may
be required, with dietary adjustments to prevent hypokalaemia.

* Phosphate management: monitoring is essential to avoid
hypophosphataemia; supplementation may be required
depending on the system used.

« Safety: the use of monitoring systems (e.g. blood leak and
dialysate leak detectors) is essential.

Key concepts

Key Concepts Prescription for HHD:

» There is no single optimal dialysis regimen. Dialysis prescription
should be individualised and dynamic, recognising that different
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patients—and even the same patient over time—may require
adjustments according to changes in clinical condition, general
health, lifestyle, and personal preferences.

* Intensive dialysis regimens provide important clinical benefits.
Increasing treatment frequency and/or duration is associated
with improved volume control, enhanced haemodynamic
stability, better toxin clearance, and improved quality of life.
However, these regimens are often difficult to implement
in-centre due to logistical, organisational, and economic
constraints.

» HHD provides an optimal setting for personalised care.

» It offers greater flexibility in treatment schedules, allowing
dialysis to be adapted to the patient’s life rather than the reverse.
This approach is associated with improved clinical outcomes,
increased patient autonomy, and greater overall satisfaction.

» Technological advances have facilitated the expansion of HHD.

* Modern systems, particularly those based on low dialysate flow,
simplify treatment delivery and improve accessibility. However,
their lower per-session clearance requires adapted prescription
strategies, typically involving increased frequency and/or
longer treatment duration to achieve weekly adequacy targets
(standard Kt/V).

» Prescription with low-flow systems requires specific expertise.

* A clear understanding of system-specific parameters and
limitations is essential to ensure adequate dialysis dose
and safe treatment delivery, highlighting the importance of
appropriate training for both clinicians and patients.

* HHD is particularly valuable in complex clinical situations.

* In conditions such as pregnancy, haemodynamic instability,
persistentvolume overload, or refractory metabolic disturbances,
more intensive dialysis is often required. In these scenarios,
HHD represents a key therapeutic option, enabling optimisation
of clinical and biochemical outcomes while preserving quality
of life.
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Chapter 4
Vascular Access

Reviewed by Ruben Iglesias Sanjuan, RN, Fresenius Medical Care, Governance
Lead (Nursing Team), Spain.

Learning objectives

+ To examine the specific requirements and challenges of vascular
access management within the home environment, prioritising patient
safety, and independence

+ To demonstrate that the critical role of self-cannulation is a key factor in
patient empowerment and long-term access survival in HHD

» To provide a comprehensive overview of cannulation techniques,
specifically the "BH" and "rope ladder" methods, and their clinical
implications for the patient undergoing HHD

 To highlight the importance of meticulous adherence to access care to
mitigate the risks of complications and access failure

Introduction

HHD offers distinct clinical and lifestyle benefits, including improved
blood pressure control, regression of left ventricular hypertrophy, and
superior phosphorus management. Despite these advantages, VA
remains the primary source of clinical vulnerability in this modality.
The successful implementation of HHD is therefore fundamentally
dependent on the establishment and maintenance of a robust and
reliable VA.™

In the home setting, stewardship of VA shifts from the clinical team to

the person with ESKD and, where appropriate, their care partner. This
represents a fundamental change from the in-centre haemodialysis
model, with important implications for training, monitoring and safety
(Table 1). This transition requires not only technical competence
but also confidence, engagement, and a significant psychological
adjustment. Consequently, nephrology nursing practice evolves
from the execution of clinical tasks to a strategic role focused on
education, mentorship, surveillance and risk mitigation, supporting
individuals to safely manage their VA as a key component of their
independence.'**

This chapter provides an overview of VA management in HHD,
incorporating current evidence and the person-centred principles
advocated by the EDTNA/ERCA."2
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Person with CKD or Care

Primary Operator Nursing/Technician staff Partner

Treatment Frequency Usually 3 times weekly 4 D 7 Es Y 97
nocturnal

Cannulation Expert Rotating clinical staff G smglg
operator (the patient)

Monitorin Intermittent clinical Daily self-assessment

9 observation (Look, Listen, Feel)
Safety Infrastructure Direct clinical supervision REIETED B (EETE g

(alarms) and training

Table 1- Comparison of Access Management Contexts.

1. Integrated Planning of Vascular Access

A notable evolution in vascular access philosophy has been the shift
from a normative ‘Fistula First’ perspective to an individualised and
dynamic approach focused on integrated vascular access planning,
tailored to the clinical profile of the person with ESKD. The 2019
KDOQI Clinical Practice Guidelines emphasise that the choice of
access must align with the person’s overall goals, lifestyle, and long-
term trajectory of renal replacement therapy.”®

1.1. The concept of the life-plan

The ESKD Life-Plan is a documented, long-term map that considers
the person's current and future needs, including the potential for
kidney transplantation, peritoneal dialysis, or different haemodialysis
regimens. For the HHD nurse, this means participating in a
multidisciplinary team that evaluates the person's manual dexterity,
visual acuity, cognitive status, and social support before selecting an
access type.81°

The "ViP ACCeS"" framework is used to guide this planning:

* Vessel Preservation: Protecting the non-dominant arm from
venepuncture and intravenous lines from the early CKD stages.

» Access Creation: Selecting the most appropriate site (usually
distal-to-proximal) and type based on vessel mapping.
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» Contingency Planning: Establishing a "Plan B" if the primary
access fails to mature or complications arise.

» ESKD Succession: Planning the next VA or modality shift to
ensure continuous, high-quality therapy.

1.2. Selecting access for the home environment

The home setting presents unique challenges that influence the
choice of VA. While an AVF is preferred due to its low infection risk and
longevity, an AVG may be considered if native vessels are unsuitable.
CVCs, while generally discouraged as a first choice, are recognised
as a necessary alternative for some HHD patients, particularly those
with significant needle phobia or limited life expectancy, where the
burden of surgical revisions outweighs the benefits.3610

The key characteristics, advantages, and limitations of the different
vascular access options for HHD are summarised in Table 2.

Longest survival; lowest Requires 6-8 weeks’
AVF infection/thrombosis rates; maturation; technical skill
(Native) patient empowerment through required for sharp needle

self-cannulation. insertion.

Predictable anatomy; easy to Higher risk of stenosis/

e Sl R SOl [ el thrombosis; higher infection
(Synthetic) (days for early-cannulation risk than AVE.

types).

No rje_edles requwed;_ immediate Highest infection and
CcvC use; simpler connection L .

PR mortality risk; potential for
(Tunnelled) process for those with limited .
. central venous stenosis.
dexterity.

Table 2 - Arteriovenous Access vs. Central Venous Catheters in HHD.

2. Overcoming barriers to self-cannulation

Self-cannulation is often identified as the primary barrier to the
uptake and retention of HHD. The prospect of inserting needles into
one's own arm can be terrifying, leading to high levels of anxiety and
potential withdrawal from HHD training.'?
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2.1. Psychological barriers: trypanophobia and anxiety

Trypanophobia (fear of needles) and haemophobia (fear of blood)
are common in the CKD population. Nursing interventions should
focus on desensitisation and gradual exposure. The process begins
with the person simply being "present" during cannulation without
the pressure to perform. This advances to handling the equipment,
touching the needle to the skin (without insertion), and finally
participating in the procedure.>4

2.2. Cognitive and behavioural interventions

The HHD nurse acts as a mentor, using techniques such as "Imaginal
Exposure Therapy", where the nurse describes the procedure while
the person visualises it, rating their anxiety on a scale of 0 to 10.
Peer support is also invaluable; hearing from other people with CKD
who have mastered self-cannulation can transform the mindset from
“I could never do that” “If they can do it, | can do it"'?

2.3. The tandem-hand technique

The "Tandem-Hand" (or handholding) technique is a cornerstone of
cannulation training.! This method involves the nurse placing their
hand over the person's hand to guide the needle, providing a sense
of security and control.'21%-17

The key steps of the Tandem-Hand technique include:

* Preparation: The nurse stabilises the hand by resting the heel
of the hand on the person's arm, providing a solid base.

« Phase 1: The person places their thumb and forefinger
behind the nurse's fingers. They "squeeze" to feel the nurse’s
movements as the needle enters the skin and vessel.

* Phase 2: Once the person is comfortable with the sensation,
the positions are reversed. The person holds the needle, and
the nurse places their fingers behind the person’s fingers to
provide a "safety net" and guide the angle.

* Phase 3: The person performs the insertion with only verbal
guidance from the nurse, eventually progressing to independent
cannulation.
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2.4. Technology-assisted cannulation

POCUS is an emerging tool that can facilitate cannulation,
particularly in AVFs with deep or difficult-to-palpate veins. Nurses
can use POCUS to map the vessel's depth and course, marking
the skin with a surgical marker to provide a visual "roadmap" for the
person with CKD. POCUS provides detailed information on vascular
morphology and structure, enabling nurses to optimise care planning
and support patient education for self-cannulation. This may reduce
the number of failed attempts and infiltration events, building the
person's confidence during the learning phase.'8-?!

3. Cannulation techniques in HHD: evidence and practice

In the context of HHD, VA cannulation requires assessment of the
VA, selection of the puncture site, and preparation of both the person
with ESKD and the materials. The cannulation technique must be
performed with precision to ensure treatment efficacy and reduce
complications. The choice of cannulation technique significantly
impacts the health and longevity of the access, especially in frequent
HHD where the access is punctured 5 to 7 times per week.3?223

3.1. The Rope ladder technique

The rope ladder is considered the clinical standard for arteriovenous
access. It involves rotating needle sites along the entire length of the
vessel at each session.

* Pros: Minimal scar tissue formation; lowest infection risk.

» Cons: Requires a long, straight segment of vessel; technically
more challenging for self-cannulators who must reach different
areas of the arm; always requires sharp needles.? 142447

3.2. The Buttonhole technique

The BH technique (or constant-site method) involves inserting the
needle into the exact same spot, at the same angle and depth, at
every session. This creates a "tunnelled track" of scar tissue.

* Pros: Once established (usually after 8-10 sessions with
sharp needles), blunt needles can be used, which significantly
reduces pain and the risk of mis cannulation or infiltration. It is
ideal for short or tortuous fistulas.
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» Cons: Significantly higher risk of local and systemic infections
if aseptic technique is not followed meticulously. 31425

3.3. The BH controversy and infection prevention

While BH facilitates self-cannulation, recent literature alerts nurses
to an increased risk of Staphylococcus aureus bacteraemia. The
HHD nurse must enforce a rigorous aseptic protocol:

* Thorough Cleaning: Washing the access arm with soap and
water is mandatory.

» Scab Removal: The scab must be completely removed before
cannulation using a sterile blunt needle or a dedicated scab
remover. Leaving even a small portion of the scab can introduce
bacteria into the bloodstream.

» Dual Disinfection: The site should be disinfected before scab
removal and after the scab is gone.

» Topical Prophylaxis: The application of 2% mupirocin or
Polysporin triple ointment to the site after needle removal has
been shown to reduce BH-related infections.6:12:26.27

3.4. Cannulation support

To accelerate BH formation and facilitate easier entry, polycarbonate
pegs (e.g., BioHole® plugs) can be used.! These sterile "thumbtacks"
are inserted into the needle site after dialysis to maintain the track
until the next session, preventing scab formation and ensuring the
track remains patent.'2282°

4. Management of central venous catheters at home

Although AV access is preferred, approximately 24% of HHD patients
in some European cohorts use a CVC. In the home setting, the
CVC requires high-level nursing protocols to prevent catastrophic
complications such as air embolism and catheter-related bloodstream
infection, 32430

4.1. CVC hygiene and dressing protocols

Aseptic handling is non-negotiable. Nurses must train people with
CKD to:
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» Use PPE: Wear a mask and clean gloves whenever the catheter
hubs are accessed to prevent contamination from respiratory
droplets.

* Hub disinfection: Perform a "friction scrub" of the catheter
hub, connection surfaces, and limbs for at least 30 seconds
using 2% chlorhexidine in 70% alcohol.

» Transparent dressings: Use transparent, semi-permeable
dressings to allow for continuous monitoring of the exit site for
signs of infection (erythema, discharge).’:32431

4.2. Closed-connector technology

The use of needleless, closed-connector devices (e.g., Tego) is highly
recommended for people performing independent HHD with a CVC.
These devices create a mechanically closed system that remains in
place throughout treatment, reducing the risk of air embolism during
connection and disconnection and minimising the frequency of hub
manipulation.?43132

4.3. Locking protocols: citrate vs. heparin
To maintain patency, CVCs must be "locked" after each treatment.

* Heparin: Traditional standard but carries risks of systemic
anticoagulation if it leaks from the tip. Lower concentrations are
recommended.

* Trisodium citrate: TSC at 4% is increasingly preferred. It
provides local anticoagulation and has broad antimicrobial
properties. Studies have shown that TSC may reduce catheter-
related bacteraemia by over 70% compared to heparin.'333

4.4. Troubleshooting catheter dysfunction

People on HHD must be trained to recognise and troubleshoot flow
issues. Definitions of dysfunction include the inability to maintain
blood flows of >300ml/min. Simple positional changes or flushing of
saline using a "push-pull" motion can often clear a fibrin sheath or
positional occlusion. For persistent thrombus, the use of thrombolytics
like alteplase is the standard intervention, often requiring a visit to
the clinical centre.®%+%
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5. Education and training strategies for the home patient

Training for HHD is a structured educational process that typically
lasts 2 to 6 weeks. The nurse’s primary objective is to build the
person's "self-efficacy”, the belief in their own ability to manage a
complex medical procedure safely.'*

5.1. Adapting to adult learning styles

The HHD nurse should tailor teaching strategies to the individual's
needs using the VAK (Visual, Auditory, Kinaesthetic) model:

» Visual learners benefit from clear diagrams, checklist-based
manuals, and videos.

« Auditory learners require detailed verbal walk-throughs and
the opportunity to "teach back" the concepts.

» Kinaesthetic learners (the majority in dialysis) need maximum
hands-on time, practicing on models before transitioning to
their own access.*%"

5.2. The progressive training models

Training should follow a logical progression from observation to total
independence. The initial week focuses on general operations and
hand hygiene, while subsequent weeks introduce machine setup,
cannulation, and troubleshooting.'*¢% A suggested framework for
progressive HHD training is presented in Table 3.

Reduced anxiety; familiarisation

Observation Dialysis environment . .
with equipment.
T Hand hygiene; self- Master the basics of infection
Participation P
assessment control and monitoring.
Technical M_achlne stringing/ Proficiency in treatment set-up
priming and safety checks.

Self-cannulation/CVC  Precision and aseptic technique in
Access Mastery

scrub access handling.
Crisis Management Troubleshooting Ability tc_) respond calmly and
alarms appropriately to alerts.
Independence Full simulation Cloliifalanes (© pefisn & ol

treatment independently.

Table 3 - Framework for Progressive HHD Training.
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5.3. The nurse as a mentor

The HHD nurse must relinquish the traditional "control" of the
procedure to the person with CKD. This involves providing
constructive feedback, praising successes, and treating errors as
valuable learning opportunities. Regular auditing of the person's
technique, even after they have gone home, is essential to prevent
"procedural drift" and ensure long-term safety.

6. Surveillance, maintenance, and complication management

In the HHD context, VA surveillance assumes a fundamentally
different character from in-centre practice. Rather than episodic
professional assessment, VA surveillance becomes a daily, person-
led clinical activity, supported by structured education and clearly
defined escalation pathways. This shift places the person with ESKD
as the primary sentinel for early VA dysfunction.3®

Routine surveillance relies on the systematic application of the “Look,
Listen, and Feel” approach before each treatment:

» Look: Check for signs of infection (redness, swelling, pus) or
skin changes over aneurysms. Shiny or thin skin over a bulge is
a warning sign of potential rupture.

» Listen: Use a stethoscope or place the ear near the access to
hear the "whooshing" bruit. A whistling sound or high-pitched
bruit indicates potential stenosis.

* Feel: Palpate for the "thrill" (vibration). The absence of a thrill
may indicate that the access has clotted (thrombosis), requiring
immediate emergency intervention.

Consistent deviation from baseline findings must prompt immediate
communication with the home dialysis team, as delayed intervention
remains a principal contributor to access thrombosis and loss.3%4°

Scientific literature demonstrates that self-care by people with ESKD
in relation to VA, through complication prevention and monitoring of
signs and symptoms, is crucial for optimising treatment effectiveness
and improves quality of life. Persons undertaking HHD must avoid
constrictive clothing, jewellery, or activities that compromise venous
return. Skin hygiene, particularly in buttonhole cannulation, constitutes
a cornerstone of infection prevention. Importantly, pharmacological
strategies aimed at improving VA patency, including antiplatelet or
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anticoagulant therapies, have not demonstrated clinical benefit and
are not recommended solely for VA preservation.5384!

Continuous surveillance is the most effective strategy to prevent
access failure. People on HHD must be trained to function as the
primary monitors of their access status. Clear protocols must be
established for emergencies such as post-dialysis bleeding or
accidental needle dislodgement."%"

6.1. Venous needle dislodgement

VND is a potentially life-threatening complication that occurs when
the venous needle becomes unintentionally dislodged from the
vascular access while the blood pump continues to return blood
outside the body. This can lead to a loss of a substantial proportion
of the person's blood volume within minutes.

* Risk Factors: Restlessness, muscle cramps, and covering
the access with blankets are significant risks, especially during
nocturnal HHD.

* Prevention: Secure taping using the Chevron/Butterfly
technique and ensuring bloodlines are looped loosely to avoid

tugging.
» Safety Technology: The use of moisture/blood leak detectors

(e.g., Redsense) is strongly recommended in HHD, providing
an audible alarm if any blood is detected at the needle site.*>%

Preventive strategies include meticulous taping techniques,
avoidance of excessive tubing tension, and the routine use of venous
pressure alarms. Where available, blood leak detection systems
integrated into dialysis machines or external sensors provide
an additional layer of protection, particularly during unattended
nocturnal treatments. Importantly, the person and any care partner
must demonstrate competence in recognising abnormal machine
alarms and unexplained drops in venous pressure, which may
precede overt dislodgement.®444

6.2. Emergency response and escalation protocols at home

A defining requirement of safe HHD is the existence of clear,
rehearsed emergency protocols. These protocols must be embedded
within training programmes and reinforced through simulation and
periodic reassessment."®
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In the event of suspected VND or uncontrolled bleeding, the
immediate priorities are cessation of blood flow, direct manual
compression of the access site, and activation of emergency medical
services when bleeding cannot be promptly controlled. Persons
performing HHD must be trained to distinguish expected post-dialysis
oozing from pathological haemorrhage, particularly in the context of
anticoagulation or recent access intervention.'#

Equally critical is the management of VA dysfunction. Persistent
difficulty achieving prescribed blood flow rates, recurrent alarms, or
prolonged haemostasis after needle removal should not be managed
empirically at home. These signs frequently reflect underlying
stenosis or structural compromise and warrant urgent specialist
assessment. Delayed referral remains a recognised contributor to
thrombosis and access abandonment in HHD populations.®®

6.3. Long-term access preservation under high-frequency
cannulation

High-frequency cannulation, inherent to most HHD prescriptions,
imposes unique mechanical and biological stress on vascular access.
This reality necessitates a proactive preservation strategy that
integrates cannulation technique selection, site rotation discipline,
and continuous education.’

The rope ladder technique remains the preferred default due to
its lower infection risk and reduced localised trauma. However, in
persons with limited cannulation length or anatomical constraints,
BH cannulation may represent the only feasible option to sustain
independent dialysis. In such cases, strict adherence to aseptic
protocols, including complete scab removal, dual-phase skin
disinfection, and post-dialysis topical antimicrobial prophylaxis, is
non-negotiable. Deviations from protocol have been consistently
associated with increased rates of Staphylococcus aureus
bacteraemia.®4

Access preservation also depends on maintaining a strong therapeutic
alliance between the home dialysis team and the person performing
HHD. Regular remote or in-person review of cannulation technique,
combined with structured audits and checklist-based reinforcement,
reduces procedural drift and sustains long-term access viability.*®
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Conclusion

VA in HHD is a dynamic and multifaceted challenge that lies at the
intersection of surgical precision, clinical protocols, and patient
psychology. The successful HHD nurse must be proficient in all three
domains. By adopting the ESKD Life-Plan, nurses can ensure that
access choices are not only clinically appropriate but also sustainable
and empowering for the person with CKD.

The transition to home-based care requires a rigorous commitment to
education and safety. From overcoming the psychological barriers of
self-cannulation using the tandem-hand technique to implementing
robust CVC infection prevention and VND safety protocols, the goal
remains the same: to protect the "lifeline" and support the highest
possible quality of life for people managing kidney disease at home.
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Chapter 5

Home Therapies Training Team — Education and Training
Programme

Learning objectives

 To critically understand the role of the home therapies training team in
supporting people receiving HHD

« To analyse educational, communicative, and psychosocial strategies
that underpin successful HHD training programmes

« To apply person-centred care principles to enhance self-management,
confidence, and adherence in HHD

Introduction

HHD is increasingly recognised as a key modality within kidney
replacement therapy, offering improved autonomy, flexibility, and
quality of life compared to in-centre haemodialysis."? However,
despite these benefits, uptake remains limited globally, partly due to
the complexity of treatment and the demands placed on individuals
and their families.> The transition from hospital-based to home-
based dialysis represents a fundamental shift in care delivery.
Responsibility for treatment moves from healthcare professionals to
the individual and their support network.* This shift requires not only
technical competence but also confidence, motivation, emotional
resilience, and sustained support.* Central to this transition is the
home therapies training team, typically led by nephrology nurses.*
The team is responsible for delivering a structured education and
training programme that enables safe and effective dialysis at home.®
Importantly, training is not limited to skill acquisition but involves
PCC, shared decision-making, and self-management support.®
The home dialysis literature highlights that a successful HHD
programme requires involvement of the person in decision-making,
treatment, and management of illness and health, alongside active
involvement of relatives and continuous professional support.® This
chapter explores the key components of an effective HHD training
programme, emphasising the role of the home therapies training
team in delivering holistic, PCC.



European Dialysis and Transplant Nurses Association/European Renal Care Association
Joana Fontes

Continuous Support

Continuous support is a fundamental component of safe and
sustainable HHD care.” While the initial training programme equips
individuals with the technical knowledge and skills needed to perform
dialysis at home, the transition to independent treatment represents
a critical period that requires ongoing professional support.®

In the context of HHD, continuous support should be understood as
part of a long-term partnership between healthcare professionals
and the individual receiving care. Rather than representing a shift
from dependence to independence, home dialysis reflects a model
of shared responsibility in which both parties remain actively
engaged.® Evidence suggests that individuals receiving dialysis at
home continue to rely on healthcare professionals for reassurance,
guidance, and clinical oversight, even after completing training.® This
support is typically delivered through a combination of approaches,
including access to specialist advice outside standard hours, regular
follow-up consultations, and the use of telehealth solutions that
allow remote monitoring and communication.® In some cases, home
visits may also be required to assess the treatment environment or
provide additional guidance.® Furthermore, peer support initiatives
and engagement with other individuals undergoing home dialysis
can contribute to confidence and normalisation of the experience.®

From a nursing perspective, continuous support involves ongoing
assessment of both clinical competence and psychosocial wellbeing
(Table 1). Nephrology nurses play a key role in identifying early
signs of complications, addressing emerging concerns, and
adapting support to meet changing needs over time.® In doing so,
they contribute to maintaining safety, promoting confidence, and
supporting long-term adherence to treatment.

24-hour access to specialist advice Monitor competence over time
Regular follow-up consultations Identify early signs of complications

Telehealth monitoring and digital

L Provide reassurance and reinforcement
communication

Home visits when necessary Adapt support to evolving needs

Peer and caregiver support systems

Table 1. Components of Continuous Support in HHD and Associated Nursing
Implications.
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Effective Communication with People and Families

Communication is central to all aspects of HHD training and care. It
forms the foundation for learning, supports shared understanding,
and enables individuals to engage actively in their treatment.’ In the
context of home-based dialysis, where individuals assume a high
level of responsibility, effective communication is essential for both
safety and confidence.®

As illustrated in Figure 1, a person-centred approach to
communication requires healthcare professionals to engage with
individuals as partners in care. This involves listening to the person’s
narrative, understanding their values, preferences, and concerns,
and incorporating these into care planning.5'® Communication is
therefore not limited to the provision of information but represents
an ongoing dialogue that supports mutual understanding and shared
responsibility."

The Gothenburg PCC framework' provides a useful structure
for this approach. It highlights three key elements: listening to
the individual's narrative, establishing a partnership between the
individual and healthcare professionals, and documenting care
within a shared health plan.®™® These elements emphasise the
importance of recognising the individual as an expert in their own life
and integrating this perspective into clinical care.

Family members often play a significant role in HHD and should be
included in communication wherever appropriate.' Their involvement
may include supporting treatment tasks, provide emotional support,
and contribute to decision-making processes.® However, caregiving
responsibilities can also a significant burden on relatives, resulting in
physical and emotional strain. Therefore, it is essential for healthcare
professionals to acknowledge and address the needs of relatives as
an integral part of the care process."

To support effective communication, nephrology nurses should
adopt strategies that enhance understanding and engagement.
These include the use of clear and accessible language, avoiding
unnecessary technical terminology, and applying teach-back
methods to confirm comprehension.™ The use of written and visual
educational materials can reinforce learning, while structured
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conversations can help guide complex discussions.’ Including
family members in these conversations contributes to a more holistic
and comprehensive approach to care.'

Effective communication contributes to improved understanding,
increased confidence, and greater engagement in treatment. It
also plays a crucial role in promoting adherence and ensuring that
individuals feel supported in managing dialysis at home.®

Listen to the individual’
narrative
Supporting treatment tasks

Understand values,
preferences and concerns Providing emotional support

Use clear accesible language

Establish a partnership Assisting with decision-making Teach-back methods

in care planning
Visual and written
educational tools

Structured conversations

Inclusion of family

Figure 1. Person-Centred Communication and Family Involvement in HHD.

Training People and Caregivers: Best Practices

The education and training programme for HHD is a structured yet
adaptable process that aims to equip individuals and, where relevant,
their caregivers with the knowledge, skills, and confidence required
to perform dialysis safely at home.> While training programmes
may vary between centres, several core principles underpin best
practice.5'®

. Education, modality Facilitate shared
Preparation . L .
choice decision-making
Early training Machine setup, hygiene DEETSIELD E

supervise

Cannulation,

troubleshooting (Gl A7 FEREEs

Skill acquisition

Consolidation Independent dialysis Evaluate readiness
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Home transition Real-life application Support and monitor
Follow-up Long-term care Continuous education

Table 2. Structured HHD Training Pathway and Nursing Roles.

Training should be individualised, recognising that individuals differ
in their learning pace, cognitive abilities, emotional readiness,
and social circumstances.® A flexible approach allows healthcare
professionals to tailor the programme to the needs of each individual,
thereby enhancing both learning outcomes and overall experience.®

Experiential learning plays a central role in HHD training.5 Individuals
benefit from actively performing tasks under supervision, allowing
them to develop practical competence and confidence.’® As
illustrated in Table 2, training typically progresses in a stepwise
manner, beginning with observation, followed by supervised
practice, and ultimately leading to independent performance.®'s This
gradual transition supports both skill acquisition and psychological
adaptation.

Consistency within the training team is also important.’® Working
with a small group of dedicated nurses can enhance continuity, build
trust, and improve communication. In addition, the use of structured
educational materials, including written guides, visual aids, and digital
resources, can support learning and provide ongoing reference after
training is completed.®

Caregivers, when involved, should be included in training to ensure
that they feel confident in their supportive role.® This inclusion not only
enhances safety but also helps to reduce anxiety and uncertainty for
both the individual and their family."?

Overall, effective training programmes are those that combine
structure with flexibility, technical instruction with emotional support,
and individualised learning with consistent professional guidance.5

Building Confidence and Self Efficacy in People

Confidence and self-efficacy are essential for successful HHD
(Table 3). Self-efficacy refers to an individual’s belief in their ability
to perform specific tasks and manage challenges. In the context
of HHD, this includes not only performing dialysis procedures but
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also recognising complications, making decisions, and managing
treatment within the context of daily life.

The development of self-efficacy is closely linked to the training
process.® Individuals who feel confident in their abilities are more
likely to engage with treatment, adhere to prescribed regimens,
and manage unexpected situations effectively. Conversely, low
confidence may lead to anxiety, avoidance behaviours, and reduced
adherence.

Nephrology nurses play a central role in fostering self-efficacy.
This can be achieved through gradual skill development, allowing
individuals to build competence step by step. Positive reinforcement
and constructive feedback are important in supporting progress,
while simulation and repetition help to consolidate learning."
Encouraging individuals to actively participate in problem-solving
further strengthens their sense of control and capability.

Self-management in HHD extends beyond technical tasks to include
managing symptoms, adapting to lifestyle changes, and coping with
emotional challenges.' Supporting self-efficacy therefore requires
a holistic approach that addresses both practical and psychological
aspects of care.

Willingness to

initiate treatment Managing treatment Gradual skill development
Ab|||ty_to manage Managing life roles Positive feedback
complications

Long-term Managing emotional

Simulation training
adherence responses

Self-management

Problem-solving exercises
framework

Encouragement of autonomy

Evidence perspective

Table 3. Self-Efficacy, Self-Management, and Supporting Strategies in HHD.

Shared Decision Making and Motivation

Shared decision making and motivation are key approaches that
support engagement and autonomy in HHD.™
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Motivation in the context of home haemodialysis (HHD) can be
understood through the lens of self-determination theory, which
emphasises the importance of supporting an individual's intrinsic
motivation through the fulfilment of three basic psychological needs:
competence, autonomy, and relatedness.?® Rather than focusing
solely on resolving ambivalence, this approach highlights how
healthcare professionals can create conditions that enable individuals
to feel capable, self-directed, and supported in their treatment
journey.'®2° Supporting competence involves ensuring that individuals
develop the knowledge and skills required to perform dialysis safely
and effectively. Through structured education, supervised practice,
and constructive feedback, nephrology nurses can help individuals
build confidence in their ability to manage treatment and respond to
challenges. Promoting autonomy requires recognising the individual
as an active decision-maker in their care. This includes providing
meaningful choices, encouraging participation in decision-making,
and respecting personal values and preferences. When individuals
experience a sense of ownership over their treatment, they are more
likely to engage with and adhere to HHD. Fostering relatedness
involves establishing trusting and supportive relationships between
healthcare professionals, individuals, and their families.® Feeling
understood, respected, and supported enhances motivation and
contributes to a sense of security in managing treatment at home. By
addressing these three dimensions, nephrology nurses can support
sustained motivation and engagement in HHD, facilitating not only
adherence to treatment but also a more positive and empowering
experience of living with kidney disease.

Shared decision-making involves collaboration between healthcare
professionals and the individual receiving care (Figure 2). It integrates
clinical knowledge with the individual’'s values, preferences, and
circumstances to arrive at decisions that are both informed and
meaningful.' In HHD, shared decision-making is particularly important
when choosing dialysis modality and adapting treatment over time.®

Together, these approaches support a shift from provider-led care
to a partnership model, where individuals are actively involved in
decisions about their treatment.® This not only enhances satisfaction
but also contributes to improved adherence and long-term outcomes.



European Dialysis and Transplant Nurses Association/European Renal Care Association
Joana Fontes

Patient values

- * . Shared
Cllnlcal+ decision-making

Nurse facilitation

Individualised
treatment

Figure 2. Shared Decision Making Model in HHD.

Psychological and Emotional Support Strategies

The ftransition to HHD involves significant psychological and
emotional adjustment. These challenges and support strategies are
summarised in Table 4. Individuals may experience anxiety related
to performing treatment independently, fear of complications, or
concerns about the impact on their daily life and relationships.?

Providing psychological support is therefore an integral part of
the training programme and ongoing care.>® Nephrology nurses
should be attentive to emotional cues and create a supportive
environment in which individuals feel comfortable expressing their
concerns. Active listening, empathy, and reassurance are essential
components of this process.? In some cases, referral to specialised
psychological services may be required. Peer support, whether
through formal programmes or informal connections, can also
provide valuable opportunities for individuals to share experiences
and gain perspective.

Supporting caregivers is equally important, as they may experience
emotional strain and uncertainty in their role.”® Addressing the
needs of both individuals and their families contributes to a more
sustainable and supportive home care environment.
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Anxiety Emotional assessment
Fear of complications Active listening
Treatment burden Counselling referrals
Role changes Peer support

Family support
Table 4. Psychological Challenges and Support Strategies in HHD.

Addressing People Concerns and Treatment Adherence

The factors influencing engagement with HHD are complex
and cannot be fully understood from a healthcare professional
perspective alone. While concerns such as treatment complexity,
risk of complications, and responsibility for care are often highlighted
by professionals, emerging evidence suggests that these do not
always reflect the priorities or lived experiences of individuals
receiving dialysis.?* Recent findings indicate a clear discrepancy
between patients and kidney professionals in how barriers to home
dialysis are perceived. Whereas professionals tend to emphasise
issues such as patient reluctance, social isolation, and the burden
of responsibility, patients more often highlight structural and practical
challenges, including access to support, communication with the
care team, technological limitations, and financial or organisational
barriers. At the same time, patients frequently identify independence
and flexibility as key motivations for choosing home dialysis, even
when the transition initially feels overwhelming.?

Importantly, patient experiences suggest that adaptation to HHD
is a dynamic process rather than a one-time decision.? For some
individuals, early experiences of insecurity or feeling overwhelmed
may gradually give way to increased confidence and a sense of
mastery over time, particularly when consistent support is available.
This aligns with previous research demonstrating that the anticipated
experience of home dialysis may differ significantly from the lived
experience, highlighting the importance of ongoing support and
realistic expectations.?®

From a clinical perspective, this underscores the need to move
away from assumptions about “typical patient concerns” and instead
adopt a more exploratory and person-centred approach. Rather than
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pre-emptively  addressing  perceived barriers, healthcare
professionals should actively engage in dialogue to understand
each individual’s priorities, preferences, and contextual challenges.®
Providing clear, honest, and tailored information remains essential,
but it should be grounded in the individual's own concerns and
experiences. Demonstration of procedures, discussion of potential
challenges, and development of contingency plans can support
confidence when these are aligned with what the individual
perceives as relevant.’® Equally important is ensuring accessible and
responsive communication channels, as timely support has been
identified by patients as a key factor in feeling safe when managing
dialysis at home.®

Engagement with HHD is influenced by multiple interacting factors,
including access to resources, perceived support, individual
motivation, and the quality of the relationship with healthcare
professionals. A strong therapeutic relationship, characterised by
trust, continuity, and responsiveness, remains central.® However,
this relationship should be understood as a partnership in which
the individual's perspective is actively sought, acknowledged, and
integrated into care.”® By recognising the potential gap between
professional assumptions and patient experiences, the home
therapies training team can better tailor education and support.
This approach not only enhances engagement and adherence but
also contributes to a more person-centred and sustainable model of
home dialysis care.

Conclusion

The home therapies training team plays a central role in
enabling individuals to successfully undertake HHD. Through a
comprehensive education and training programme, supported
by effective communication, psychological care, and continuous
professional engagement, individuals can develop the confidence
and competence required to manage dialysis at home. A person-
centred approach is fundamental to this process, ensuring that care
is tailored to the individual’'s needs, preferences, and circumstances.
By fostering partnership, supporting self-management, and
addressing both practical and emotional challenges, nephrology
teams can enhance both the experience and outcomes of home-
based dialysis.
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Chapter 6

Safety and Risk Management in Home Haemodialysis

Learning objectives

+ To identify the main clinical, technical and human-factor risks
associated with HHD, and the strategies used to prevent them.

» To describe how to train and support people receiving HHD and
care partners to recognise and manage emergencies and common
complications safely at home.

» To explain the role of communication and a structured quality
assurance programme (including incident reporting and continuous
improvement) may improve safety in HHD programmes.

Introduction: Safety in the Home Context

HHD has re-emerged over the past two decades as a highly
effective and increasingly utilised modality of kidney replacement
therapy. Clinical benefits associated with HHD include improved
blood pressure control, enhanced phosphate management,
greater treatment flexibility and improved quality of life and survival
outcomes compared with conventional in-centre HD."* However, HD
is a complex medical treatment that carries inherent risks, and HHD
shifts care from a supervised clinical environment to the domestic
setting. In this new context, the person receiving dialysis and where
applicable their care partner, assumes responsibilities that in a
dialysis centre would normally be undertaken by nursing staff. These
responsibilities include continuous observation of the treatment,
management of equipment and consumables, responding to alarms
and making timely decisions during unexpected situations.*®

This shift does not simply change the location of care; it fundamentally
reshapes the concept of patient safety. Whereas in in-centre HD
safety systems rely on professional oversight, rapid access to
medical intervention and multilayered institutional protocols, in the
HHD setting safety depends on the competence, vigilance and
preparedness of the person with ESKD and where applicable, their
care partner. For nephrology nurses, this represents a transition
from direct procedural supervision to a role centred on education,
empowerment, ongoing support, and risk anticipation.>’
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Risk refers to the probability that an adverse event may occur
during any stage of the treatment process. An adverse event is any
unintended or unexpected incident that may have clinical, technical,
or environmental consequences, potentially compromising the safety
of the person receiving dialysis, the care partner, or the home setting.
Risk management in HHD aims to minimise the likelihood of such
events and reduce their impact should they occur. A rapid response
plan must also be in place to manage adverse events promptly
and safely. People performing HHD should know exactly what to
do in the event of bleeding, hypotension, equipment malfunction,
or other emergencies. Evidence from large observational cohorts
suggests that serious procedure-related adverse events in HHD are
uncommon. Reported life-threatening event rates range between
approximately 0.04 and 0.06 per 1,000 treatments. Nevertheless,
although rare, events such as catastrophic blood loss due to needle
dislodgement, air embolism or severe technical error may have
fatal consequences. The low frequency but potentially high severity
of such events highlights the importance of proactive prevention in
home dialysis safety.®®

Safety in HHD should therefore be conceptualised not merely as
the absence of complications, but as the outcome of a structured,
anticipatory, and collaborative risk management strategy. It is shaped
by the interaction between the individual, the home setting, the
healthcare team, and the dialysis equipment. Relationships based
on mutual trust, effective communication and shared accountability
are essential components of safe home treatment. For nephrology
nurses, this means moving beyond technical competencies alone.
It requires preparing individuals to recognise potential hazards,
critically assess their clinical significance, and respond in a timely
and appropriate manner. Key components of safe practice in HHD
are outlined in Box 1. When systematically integrated into routine
clinical practice, these elements strengthen risk prevention, enhance
quality of care, and contribute to the long-term sustainability of HHD
programmes.**°
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» Careful selection and structured assessment of the person receiving HHD
and, where relevant, their care partner

» Comprehensive, competency-based training

» Verification of correct equipment function and environmental safety
» Strict adherence to clinical and technical protocols

» Ongoing monitoring of treatment parameters

» Clear communication pathways and continuous access to professional
support

» Implementation of infection prevention and complication management
measures

» Systematic recording and analysis of incidents to support continuous
improvement

Box 1. Key Components of Safe Practice in HHD.

Comprehensive risk management is therefore not a separate
activity, but an integral and ongoing component of high-quality HHD
care. Developing a strong safety culture requires organisational
commitment and active participation from all stakeholders. For
nursing teams, promoting a culture of safety in HHD requires
continuous education, supportive follow-up, constructive feedback,
and the reinforcement of safe practices. In practical terms, this means
fostering an environment in which patient safety is recognised as a
shared priority, open communication is encouraged, incident reporting
is free from blame, learning from errors and near misses is routine,
and continuous improvement is embedded in daily practice. Safety
in HHD is best understood as a dynamic system integrating human
factors, technology, environment, and organisational culture.>” This
chapter explores how these elements interact and outlines practical
strategies to strengthen safety in HHD programmes.

Training People for Safe Home Haemodialysis

Patient Selection and Home Environment Assessment as a Safety
Strategy in HHD

The selection and assessment of a candidate for HHD should not be
viewed as a purely administrative step, but rather as a fundamental
component of preventive care. A structured evaluation transforms a
potentially vulnerable domestic environment into a safe therapeutic
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space. Careful assessment allows the multidisciplinary team to
identify the conditions necessary for safe and autonomous practice.
It enables the design of a personalised training plan, adaptation
of technical resources to individual needs and the establishment
of follow-up mechanisms that reinforce safety throughout the
therapeutic process. This approach strengthens patient protection,
optimizes healthcare resources and promotes more person-centred
humane care.®’

Patient selection for home haemodialysis should go beyond clinical
stability and include evaluation of the home environment, support
network, motivation, learning capacity and level of commitment,
as these factors directly influence adherence and the safe self-
management of treatment. Although no universally accepted inclusion
and exclusion criteria exist for HHD, patient selection should involve
a multidisciplinary assessment—typically including nephrologists,
nephrology nurses and, when appropriate, psychologists—to
determine whether the patient can safely assume responsibility for
home treatment. Given the high level of autonomy required, this
evaluation is essential to ensure both patient safety and program
success (Figure 1).1°

Clinical Assessment
Stability, comorbidities, vascular access, mobility Cognitive Assessment

Memory, reasoning, health literacy, multistep

(@ adherence

Clinical Cognitive
Assessment Assessment

Home Environment .
Patient and Home
Electrical, water, space, E g Environment Assessment @ psychological Assessment

emergency access, storage

]

Emotional stability, motivation,

Ps) logit
yehologicgy anxiety, depression

Home
Assessment

Environment

Educational &

Social & Care Partner Practical Skills

Support network, care partner availability & \
training

Educational & Practical Skills

Learning capacity, dexterity, problemsolving

Figure 1. Patient Selection and Comprehensive Home Environment Evaluation for
HHD.



A guidebook on home haemodialysis for nephrology
care team

Clinical Assessment

Clinical stability is a prerequisite for safe HHD.'® Assessment should
include:

« Overall clinical stability

* Identification of comorbidities that may interfere with treatment
performance

» Type and condition of vascular access and its suitability for
independent management

* Functional status and mobility
The Charlson Comorbidity Index may be used as a supportive tool
to assess comorbidity burden and risk profile. However, clinical
judgement remains central to decision-making.
Cognitive Assessment

The individual must be able to understand instructions, make
informed decisions, and maintain adherence to treatment.'®" Key
aspects include:

» Executive functions (memory, attention, reasoning)

* Ability to follow multi-step procedures

» Capacity to respond appropriately to unexpected situations
* Health literacy

Assessment tools may include structured interviews, behavioural
observation during training sessions and, where appropriate,
cognitive screening tools such as the Trail Making Test. Practical
demonstrations during training often provide valuable insight into
real functional capacity.

Psychological Assessment

Psychological status can significantly influence treatment adherence
and safety."'2 Evaluation should explore:

» Emotional stability
* Motivation to assume self-care responsibilities

« Attitude towards treatment-related responsibility
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* Presence of anxiety, depression, or other psychological
conditions

Direct conversation, structured interviews and validated anxiety or
depression scales may be used when indicated. The objective is not
to exclude patients unnecessarily, but to identify support needs and
tailor follow-up appropriately.

Educational and Practical Skills Assessment

HHD requires the acquisition of theoretical knowledge and practical
skills.’® Assessment should consider:

* Learning capacity

» Manual dexterity

+ Ability to understand and apply technical instructions
* Problem-solving skills

Exploring occupational background, hobbies or previous technical
experience (e.g. manual work, DIY activities, reading habits,
structured games) may provide additional insight into autonomy and
cognitive habits. Observational assessment during training is often
the most reliable indicator of readiness.

Social and Care Partner Assessment

The social environment plays a critical role in safety and treatment
success. Evaluation should include:

* Availability of a committed care partner when the individual
unable to function independently

» Existence of a broader support network
» Family understanding of treatment demands

Where a care partner is required, their motivation, availability, and
willingness to participate in training must be confirmed. Safety cannot
rely on an unprepared or reluctant support person.”

Home Environment Assessment

The domestic environment must be compatible with safe treatment
delivery." Assessment should include:
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Electrical and water installations compatible with dialysis
equipment

Adequate space, lighting, and ventilation

Structural and environmental safety for machine installation
Access to emergency medical services

Availability of telephone or telematic communication

Dedicated storage space for consumables

Evaluation may be conducted through a structured interview, a home
visit or reviewing photographs when an in-person assessment is not
feasible." Table 1 illustrates an example of how HHD can be safely
integrated into the domestic environment.

Patient Area

Approximately 5 m? of dedicated space with adequate lighting
and ventilation. Sufficient room for a reclining chair and dialysis
monitor.

Access to water supply and drainage where required.

Stable surface for the dialysis monitor.

Equipment Clear visibility of the screen and alarms.
Placement Safe positioning of tubing to avoid tension or accidental

disconnection.

Dedicated cabinet or shelving for materials required for each

Storage of session.
Consumables Separate storage space for weekly or bulk supplies.

Clean, dry, and organised area.

Sharps container located within the treatment area.

Waste Safe disposal of consumables according to local regulations.
Management Non-recyclable disposable materials discarded with household

waste when appropriate.

Compatible electrical installation.

Utilities and Adequate water supply and drainage. Reliable power source.
Infrastructure Access to telephone or internet connection for communication

Emergency
Preparedness

with the renal team.

Clear access pathways.
Emergency contact information readily available.
Adequate space to manage complications if required.

Table 1. Example of a Suitable HHD Space.
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Education and Patient Empowerment

Education and patient empowerment are closely linked and represent
a cornerstone of safety in HHD. Education in this context does not
consist merely of transmitting information; it involves supporting
individuals in acquiring the knowledge, practical skills, and confidence
necessary to perform treatment safely and independently.'®16.17

During the learning process, the most appropriate educational
strategies should be selected for each individual. Teaching methods
must be adapted to cognitive abilities, learning pace, previous
experience, and personal circumstances. Practical demonstrations,
supervised repetition, written materials, visual aids, and digital
resources may all contribute to effective learning. Training should
not be understood as a single event, but as a continuous process.
It must evolve alongside the person’s clinical condition and adapt to
technological and therapeutic developments.'®'® Ongoing education
should include key aspects such as troubleshooting common incidents,
safe use of emergency devices, recognition of warning signs and
appropriate communication with the reference centre.™ "

However, empowerment goes beyond technical instruction. It
involves integrating knowledge into daily practice, developing
autonomy, strengthening self-confidence and assuming an active
and responsible role in treatment. Empowerment enables the
person receiving HHD to move from being a passive recipient of
care to becoming an informed and engaged participant in their own
health management.’®2° For education to translate into genuine
empowerment, it must be supported by a strong therapeutic
relationship. This relationship should be based on empathy, open
two-way communication, and active listening. Nephrology nurses
play a leading role in building this relationship, creating a safe space
where questions can be asked without fear, and difficulties can be
discussed openly.'1®

Patient-centred care further consolidates this therapeutic bond.
Recognising the individual as the protagonist of their health journey—
respecting their values, emotions, and personal circumstances—
creates an emotionally supportive context that enhances participation
and engagement. In this framework, empowering the person
receiving HHD involves enabling them to make informed decisions,
consistently adhere to established protocols, recognise potential
risks, respond appropriately to unexpected situations, and actively
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engage in their own self-care. This transformation has a direct
impact on safety. Increased competence and confidence reduce
the likelihood of human error, improve adherence to treatment, and
foster a proactive attitude towards risk prevention.?> Empowerment
is therefore not only an ethical principle of person-centred care, but
also a measurable safety strategy in HHD.'®-20

The Care Partner as an Additional Safety Layer

The care partner is an important agent in patient safety within the home
setting. Their role extends beyond emotional accompaniment and is
adjusted according to the level of autonomy and independence of the
person receiving HHD. Depending on individual capabilities, the care
partner’s involvement may range from technical assistance and clinical
observation to emergency management and communication with
the healthcare team. Their support should be flexible and responsive
to the patient's evolving needs and functional capacity.” These
actions contribute directly to the prevention of complications and the
strengthening of the therapeutic environment. The practical contributions
of the care partner to treatment safety are outlined in Table 2.72'

Technical Support with specific procedural steps when required,
assistance and such as assisting with central venous catheter connection,
supervision of maintaining hygiene and aseptic technique, and preparing
treatment materials.

Recognition of early symptoms and prompt response to
complications such as hypotension or bleeding due to
Management of accidental disconnection.

adverse events A trained care partner reduces response time and, when
necessary, contacts the nephrology team or emergency
services according to established protocols.
Support in establishing stable treatment routines and

Reduction of providing emotional reassurance.

stress and anxiety A calmer patient is more likely to tolerate treatment well and
less likely to make errors related to anxiety or distraction.

Contribution Assistance in recording treatment parameters and relevant
to session clinical observations to enhance traceability and continuity
documentation of care.

Support in the Reinforcement of procedural understanding and safety
educational measures, consolidating learning and strengthening
process adherence.

Table 2. Key Functions of the Care Partner in HHD.
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Minimum Competencies of the Care Partner

When a care partner is involved, it is important to ensure that they
are committed and included in the training process from the outset
of the HHD programme.”2' Their preparation should be structured,
supervised, and periodically reinforced to maintain competence and
confidence over time. To function effectively as an additional safety
layer, the care partner should demonstrate the ability to:

» Safely interrupt the dialysis session and perform blood return
when required

» Assist with needle removal in patients with an AVF
» Apply effective compression to a bleeding puncture site

» Position a hypotensive patient appropriately, initiate first-line
measures and contact emergency services if indicated

* Use established communication systems to contact the
nephrology team

While the involvement of a care partner represents an important
additional safety layer, it should not be considered an absolute
requirement in all cases. Serious adverse events in HHD are
uncommon when patients are carefully selected and appropriately
trained.*®° In highly motivated individuals who demonstrate excellent
technical competence, consistent adherence to protocols and strong
situational awareness, fully autonomous (unassisted) HHD may be
safely performed. Requiring the constant presence of a care partner
in every case could unintentionally exclude individuals who live
alone, lack family support or prefer not to involve relatives in their
treatment (for example, choosing to dialyse independently while a
partner is at work).>?2 Therefore, the decision regarding assisted or
autonomous dialysis should be individualised, based on structured
assessment, documented competency and shared agreement within
the multidisciplinary team. Ensuring safety in HHD requires balancing
rigorous risk management with respect for patient autonomy and
equitable access to home therapy.??

Equipment Selection as a Safety Strategy in Home Haemodialysis

The selection of dialysis equipment is a critical component of safety in
HHD. The use of monitors specifically designed for the home setting
enhances safety by reducing the occurrence of adverse events,
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particularly those associated with technical and human error.2 Key
design and safety features of HHD equipment are summarised in
Table 3. Equipment intended for HHD should prioritise simplified
operation and error prevention. Intuitive interfaces, integrated
automatic safety systems and rigorous monitoring of dialysate and
water quality reduce reliance on manual technique and minimise
the risk of incorrect handling. In the home setting, the dialysis
machine itself functions as a primary safety barrier; therefore,
essential features such as clear visual and audible alarms, air
detection within the extracorporeal circuit, dialysate temperature
control and automatic shutdown mechanisms are fundamental.
Additional functionalities—including remote data transmission,
integrated educational resources, energy-efficient design, and ease
of cleaning—further enhance safety, support patient autonomy, and
facilitate the integration of treatment into daily life.382!

Additional Considerations for Nocturnal Home Haemodialysis

Intuitive user interfaces that reduce the probability
Design Simplification of programming errors, incorrect connections, and
inappropriate responses to alarms.

Automated priming, self-diagnostic functions, leak

I atomats detection, and other built-in safeguards that reduce

SEIE S IE dependence on manual technique.
Dialysate and Water Continuous monitoring systems that ensure correct
Control conductivity and treatment parameters.

Clear and easily interpretable visual and audible
alarms. Air detection within the extracorporeal circuit.
Continuous monitoring of dialysate temperature.

Essential Safety
Barriers in the Home

SN Automatic shutdown in the event of critical malfunction.
Automatic data recording and remote connectivity
enabling real-time or periodic transmission of treatment

Additional data to the nephrology team. Integrated user manuals

Recommended and digital educational resources to support patient

Features autonomy. Energy-efficient operation and low noise

levels to enhance domestic suitability. Ease of cleaning
and maintenance to reduce infection risk.

Table 3. Design and Safety Features of Equipment for HHD.

In nocturnal HHD, additional safety measures are recommended due
to the increased vulnerability associated with treatment during sleep.
Prolonged overnight sessions may delay recognition of bleeding or
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disconnection events. For this reason, vascular access site blood leak
detectors and connection monitoring systems should be incorporated
as additional safety barriers.?? These devices trigger audible alarms
when blood or moisture is detected around the vascular access or
extracorporeal circuit. Reports of severe bleeding events in HHD
have identified needle dislodgement during nocturnal treatment
as a critical risk factor, reinforcing the importance of dedicated leak
detection systems. When nocturnal HHD is performed autonomously,
careful preparation and confidence in the system are essential.
Comprehensive training, adherence to clear protocols and dependable
safety technology provide reassurance and support safe practice. With
appropriate patient selection, well-designed safeguards and clearly
defined emergency procedures, extended or overnight treatments can
be undertaken safely and with confidence.?

Strict Adherence to Standardised Clinical and Technical Protocols

Rigorous adherence to clinical and technical protocols is fundamental
to ensuring safety in HHD." These standardised procedures, grounded
in evidence-based practice, reduce variability, prevent complications
and transform the home into a safe therapeutic environment.?*2* During
the training process, individuals receive structured instruction on the
protocols governing treatment at home. These include clear guidance
on equipment handling, hygiene practices, infection prevention,
troubleshooting common incidents and the use of emergency devices.
Protocols also define communication pathways with the reference
centre, clinical follow-up schedules, and recommended actions in
unexpected situations. By following standardised procedures, errors
related to improvisation or uncertainty are minimised, and effective
responses to complications are facilitated.?® Clinical and technical
standardisation ensures comprehensive follow-up, early detection of
complications and continuity of care, covering both patient monitoring
and the operational management of dialysis equipment (Table 4).
Adherence to protocols also reinforces patient empowerment by
providing a clear and structured framework for action.242

Periodic evaluation of overall health  Appropriate equipment selection

status — Selection of home haemodialysis

— Regular laboratory monitoring monitors and related systems by

— Monitoring of vital signs, dry weight, LERS

and nutritional status
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Vascular access surveillance

— Correct handling of the vascular
access

— Strict infection prevention measures

— Monitoring for signs of thrombosis,
dysfunction, or infection

Management of complications

— |dentification and response to
hypotension, bleeding, access
dysfunction, technical errors, and
warning symptoms

Emotional and educational support
— Reinforcement of empowerment

— Clarification of doubts and review of
practices

Documentation and traceability

— Daily recording of sessions and
incidents

— Continuous communication with the
healthcare team

care team

Structured training and competency
assessment — Evaluation of physical,
cognitive, and emotional capacity

— Intensive training in machine
operation and vascular access
management

Home installation verification

— Assessment of electrical, water and
environmental conditions

— Installation of water treatment
systems when required
Standardised connection and
disconnection procedures

— Preparation and priming of the
extracorporeal circuit

— Safe vascular access connection
and disconnection
Equipment maintenance and incident
reporting
— Daily cleaning and periodic
disinfection

— Alarm checks and calibration

— Communication with technical
support services

Table 4. Standardised Clinical and Technical Protocols in HHD.

Managing Common Complications at Home

HHD introduces specific safety challenges derived from the shift of
care from a supervised clinical environment to the patient’s home.*°
Although continuous professional observation is not present, well-
structured programmes demonstrate that serious adverse events
remain uncommon when appropriate training, monitoring and
quality assurance systems are implemented. In this context, the
management of complications must be proactive rather than reactive.
Anticipation of potential adverse events, early recognition of warning
signs and predefined response strategies are essential components
of safe practice. The main risk domains in HHD, together with their
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prevention and response principles, are summarised in Table 5.2

Vascular - Needle
access-related dislodgement
events

- Line
disconnection

- Access bleeding

- Difficult
cannulation

- Access
dysfunction

- Local infection

Cardiovascular - Intradialytic
instability hypotension
- Presyncope

- Muscle cramps

- Symptomatic
hypertension

- Structured
cannulation
training and
periodic
reassessment

- Secure Luer-lock
connections

- Appropriate
needle fixation

- Use of blood
leak detection
systems

- Routine
monitoring of
pressures and
flows

- Strict aseptic
technique

- Individualised
ultrafiltration
limits (<10 ml/
kg/h)

- Optimisation of
antihypertensive
therapy

- Careful
dry weight
assessment

- Gradual
adaptation during
training

- Education on
salt and fluid
restriction

- Stop blood pump
immediately

- Clamp lines

- Apply direct
pressure to
bleeding site

- Assess
haemodynamic
status

- Activate
emergency plan if
significant blood
loss occurs

- Contact dialysis
team

- Stop or reduce
ultrafiltration

- Place patient
supine

- Administer fluid
bolus if indicated

- Reassess vital
signs

- Contact healthcare
team if symptoms
persist or recur
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Prevention Ll ChlEi
Typical Events : Response
Strategies D
Principles
Infection - Local access - Repeated hand - Stop dialysis if
infection hygiene training clinically unstable
- Exit-site - Use of gloves - Assess
inflammation and masks temperature and
symptoms
- Fever - Sterile connection ymp
Siepesid technique - Obtain medical
- - |
bloodstream - Routine access advice promptly
infection inspection - Initiate emergency
care if systemic
B Automated signs are present
machine
disinfection
- Water quality
monitoring
- Early reporting of
symptoms
Technical - Alarm - Comprehensive - Stop blood pump
complications misinterpretation equipment
P P trgin?ng - Clamp circuit if
- Circuit required
misconnection - Standardised
: - Do not attempt
L . checklists . .
- Priming or rinse- untrained repairs
back errors - Automated .
. priming and - Contact technlca!
- Dialysate leak self-diagnostic szlrjlir;port or dialysis
- Equipment systems
malfunction - Periodic - Activate
retraining SOCEEERg)
services if patient
- Avoidance of instability occurs
improvisation

- Remote support
access
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Human factors - Omission of - Structured - Pause treatment if
protocol steps training and uncertainty arises
- Incorrec‘t :Z;nepsitir;?{ - Follow predefined
connections protocol
- Failure to Use of checklists - Seek guidance
respond to - Simulation from dialysis team
alarms exercises )
- Avoid
- Fatigue-related - Periodic cognitive improvisation
errors and functional .
- . - Esqalate care !f
- Cognitive or patient safety is
visual limitations - Monitoring compromised

for patient or
caregiver burnout
- Supportive follow-
up
Table 5. Common complications in HHD: risk domains, prevention, and immediate
response.

Vascular Access—Related Events

VA remains the cornerstone of safe HD delivery. In the home setting,
frequent self-cannulation and repeated manipulation of the access
introduce variability that may increase the risk of both mechanical
and infectious complications.?” Local infections may arise from
subtle deviations in aseptic techniques. Variability in cannulation
angle, incomplete hand hygiene, inconsistent mask use, or improper
removal of crusts in buttonhole technique may progressively
compromise access integrity. For this reason, periodic face-to-face
reassessment of cannulation techniques is strongly recommended,
even in experienced patients. Mechanical complications—including
haematomas, stenosis, infiltration, or progressive dysfunction—may
be more difficult to identify early at home. Structured surveillance
through regular review of arterial and venous pressures, blood
flow trends and patient-reported difficulties facilitates timely
intervention.26-
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Catastrophic bleeding due to needle dislodgement or line
disconnection represents one of the most feared complications in
HHD. Although rare, such events are typically associated with human
error rather than device malfunction. Secure fixation of needles,
correct Luer-lock connections and consistent adherence to protocol
significantly reduce this risk. Importantly, patients must be trained not
only in prevention but also in immediate haemorrhage control and
emergency activation procedures.*82¢

Cardiovascular Instability

Intradialytic hypotension remains one of the most common treatment-
related complications across all dialysis modalities. In HHD, its
occurrence is influenced by interdialytic weight gain, cardiovascular
comorbidity, and the accuracy of dry weight assessment. Current
programmes emphasise strict ultrafiltration control, with predefined
hourly removal limits and individualised prescriptions. During the
initial training phase, anti-hypertensive therapy is often reassessed
and progressively adjusted. Patients are educated to recognise early
symptoms—such as dizziness, visual disturbance, or nausea—and
to act promptly according to predefined protocols. While severe
haemodynamic collapse is rare in the home setting, early symptom
recognition and structured response pathways remain critical for
maintaining safety and patient confidence.?"2

Infection Prevention

Infectious complications continue to be a major safety concern in
dialysis care. In HHD, both the vascular access and the domestic
environment may become potential sources of contamination. Strict
hand hygiene, correct preparation of the access site, avoidance of
contact with sterile connectors and routine inspection of the exit site
or puncture areas are fundamental measures. Advances in dialysis
technology—including automated disinfection cycles and improved
monitor reliability—have contributed to reducing infection rates.
However, consistent human behaviour remains the determining
factor. Structured education, periodic reinforcement, and prompt
communication with the dialysis team at the first sign of infection are
essential to prevent systemic complications.®
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Technical Complications

Technical complications may arise from incorrect connections,
alarm misinterpretation, priming or rinse-back errors, or equipment
malfunction.® Although modern HHD monitors incorporate integrated
self-diagnostic systems and automatic safety mechanisms,
most severe technical events reported in the literature are linked
to deviations from established procedures. This highlights the
importance of avoiding improvisation and reinforcing standardised
checklists. Any incident, however minor, should trigger structured
review and retraining when necessary.?*25% As a practical preventive
measure, a structured pre-connection checklist may function as the
final safety barrier before starting treatment (Box 2). By formalising
self-verification immediately prior to connection, this tool reduces
cognitive overload, reinforces protocol adherence, and mitigates
human-factor risk.



A guidebook on home haemodialysis for nephrology
care team

“My Safe Dialysis” Pre-Connection Safety Checklist
This structured checklist should be completed before each session
to minimise preventable technical and human-factor errors.

1. Environment and Personal Status

1 General wellbeing assessment: Absence of fever, hypotension, dizziness
or other unusual symptoms.

[ Support availability: Care partner present if required, or immediate
access to telephone.

I Workspace safety: Clean, organised area free from pets, distractions or
contamination risks.

| Utilities verification: Stable electricity and water supply; adequate room
temperature.

2. Equipment and Machine Verification

[ Expiry check: Dialyser and lines within valid expiry dates.
[ Package integrity: Sealed, dry and correctly stored materials.

[ Prescription accuracy: Dialyser type, concentrates and consumables
correspond to medical prescription.

[l Machine self-test: Dialysis monitor has successfully completed all internal
safety checks.

3. Hygiene and Vascular Access Assessment

1 Hand hygiene: Proper hand washing performed; alcohol-based hand gel
available.

[ Access preparation: Fistula washed with soap and water or catheter
cleaned according to protocol; mask worn.

[1 Access assessment: Presence of fistula thrill; absence of infection signs;
catheter patency confirmed.

(] Final antisepsis: Antiseptic applied with correct contact and drying time
respected.

4. Critical Safety Final Check
I Emergency materials available: Clamps and sterile gauze within
immediate reach.

[l Emergency algorithm visible: Rapid Response Plan and contact list
clearly accessible.

I Programming verification: Weight and treatment parameters confirmed
according to prescription.

Box 2. Pre-Connection Checklist for Safe HHD.
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Human Factors

Human factors represent a transversal domain that influences all
other categories of complications."'” Fatigue, anxiety, progressive cognitive
decline, visual impairment, or caregiver burnout may gradually compromise
adherence to protocols. Errors may manifest as omitted steps, incorrect
connections, failure to respond appropriately to alarms or unauthorised
modification of prescribed treatment parameters. These situations
underscore the need for periodic cognitive and functional reassessment
throughout the duration of the home programme.?

Overall, serious adverse events in structured HHD programmes
are uncommon, as consistently shown in experienced cohorts.*8¢
However, maintaining this safety profile requires more than the
absence of complications: it depends on the systematic integration
of technical safeguards, rigorous and ongoing training, and
sustained clinical oversight led by the nursing team. In the home
setting, safety is dynamic and must be actively reinforced through
continuous education, periodic reassessment of patient and
caregiver competencies, early recognition of warning signs and
prompt, protocol-driven responses to any deviation from expected
parameters. Within this framework, the nursing team plays a central
role in empowering patients and care partners to recognise and
manage acute emergencies effectively, ensuring that autonomy
is always accompanied by structured support and professional
supervision.?

Coordination with Health Care Providers and Emergency
Services

In HHD, the person receiving treatment is not only a recipient of
care but also an active participant in the delivery of therapy.’® By
performing clinical procedures, making real-time decisions, and
applying preventive measures, patients directly contribute to their
own safety. This active role carries responsibility: applying training
rigorously, reporting any incident without delay and engaging in
the continuous improvement of care processes. For this reason,
a structured communication protocol between the patient and the
nephrology team is essential.?

Communication pathways should be clearly defined from the outset
of the programme and include multiple channels, such as scheduled
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in-person reviews, remote follow-up through telemonitoring systems,
secure email communication, and regular telephone contact.
Continuous exchange of information enables the clinical team—
particularly the nursing team—to review treatment data, detect early
deviations from expected parameters and implement timely corrective
actions. Evidence from established HHD programmes highlights that
structured follow-up and accessible professional support are key
components of patient safety. Communication must be reciprocal.
Patients and care partners should feel empowered to ask questions,
clarify uncertainties and report concerns without fear of criticism.
The language used by professionals should be adapted to the
individual’s level of health literacy, respectful and empathetic, thereby
reinforcing trust and therapeutic alliance. A culture of openness and
psychological safety encourages transparent reporting of incidents
and near misses, which in turn strengthens overall programme
safety. 2526

Telephone communication remains a cornerstone of remote support
but may present challenges in interpretation. To improve clarity and
reduce misunderstandings, healthcare professionals should:

» Speak at a measured pace

» Use brief but frequent pauses

* Provide periodic summaries and recapitulations
» Ask and answer questions clearly and concretely
« Deliver instructions in logical sequence

» Conclude the call in a structured manner

* Complement verbal instructions with written information
whenever possible

In the event of an adverse occurrence, rapid, open and non-
judgemental communication is critical.’” Patients should be
encouraged to describe what happened, including potential
contributing factors, without fear of blame. Such transparency is only
achievable when a respectful and supportive communication culture
has been established in advance.?2¢

Technological tools can further reinforce communication pathways.
The use of devices with Bluetooth connectivity and remote
data transmission capabilities allows real-time or near-real-time
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monitoring of treatment parameters. While technology does not
replace human interaction, it complements and strengthens the
relationship between patients and the nephrology team by enhancing
oversight, responsiveness, and reassurance. Ultimately, HHD should
be understood as autonomous but never isolated care. Continuous,
structured, and empathetic communication ensures that patients
remain supported, supervised and safely always connected to their
clinical team."2!

Incident Reporting and Continuous Improvement

Safety in HHD requires systematic measurement, analysis, and
comparison of outcomes. Clearly defined safety and quality indicators
enable programmes to evaluate performance, identify areas for
improvement, and ensure that treatment delivered at home meets the
same standards as hospital-based dialysis. Continuous monitoring
of these indicators is fundamental to adverse event prevention and
quality assurance.''72526 A structured incident reporting system
is central to this process. All adverse events, near misses and
protocol deviations should be documented in detail, including their
type, severity, contributing factors, immediate actions taken and
clinical outcome. This structured documentation supports root cause
analysis, facilitates continuity of care, and enables the identification
of recurrent risk patterns such as vascular access infections,
haemodynamic instability, technical failures or human error. In this
context, a structured continuous improvement plan is proposed,
integrating both systematic data collection and the implementation of
corrective and preventive actions. Proactive identification of risks and
continuous monitoring of processes allow strategies to be adapted to
the real needs of the programme and patient population.?2¢

However, data collection alone is insufficient. Information must be
actively analysed and translated into measurable improvements.
Continuous improvement in HHD programmes can therefore be
organised using the PDCA cycle, illustrated in Figure 2. This
framework ensures that safety initiatives are not reactive but
systematic: incident analysis informs planning; implemented changes
are evaluated through structured audits and indicator monitoring;
and effective measures are standardised and embedded into routine
practice.??®
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Plan Do
-Identify risks and pricrity areas for impravement in quality and safety based -Implement planned modifications in clinical practice and
on systematic analysis of recorded incidents. operational procedures.
-Review incident logs and analyse key safety indicators such as vascular -Introduce enhanced safety routines (e.g. double verification of
access infects i episodes and critical vascular aceess hand hygiene
technical alarms. -Provide updated training for healthcare professionals and
-Define clear, measurable objectives (e.g. reduce vascular access X patients.
infections by 20% within six months). 3 -Distribute i materials and integrate

checklists into routine sessions.
-Ensure consistent documentation of all sessions
and safety measures.

-Design targeted protocols, safety checklists and
preventive strategies tailored to identified risks.

Act Eg:};‘:;* ¥ Check
-Update and formalise effective practices as & s & -Evaluate the effectiveness of implemented

standard protocals. through g
-Address detected deviations and reinforce training -Conduct internal audits to assess compliance with
Where necessary. updated protocols.

_Share results withthe iplinery team o -Perform statistical comparison of incident rates before
strengthen safety culture. andantarintervantions.

-Adjust strategies based on findings and restart the improvement ~Review safety indicatora (e.g. reduction in infections,

cycle with new feeifancepabient fewer critical alarms).
! H = ~Collect feedback from patients and staff regarding safety
or reduce alarm fatigue).

and per

Figure 2. Continuous Improvement Cycle (Plan—-Do—Check-Act) applied to HHD
Programmes.

Beyond strengthening safety, this approach fosters a culture
of continuous learning. The improvement plan should include
continuous education for both healthcare professionals and patients,
regular updates of clinical protocol, incorporation of technological
tools for incident recording and analysis, and the promotion of open
communication among all stakeholders. In this way, interventions
become not only effective but sustainable over time, ensuring the
progressive enhancement of HHD care. Under the leadership of the
nursing team, this evolving process transforms individual incidents
into opportunities for shared learning and long-term programme
development.?®

Rapid Response Plan for Adverse Events

The Rapid Response Plan for Adverse Events is designed to ensure
prompt management of unexpected incidents during HHD. It uses a
structured, severity-based algorithm to classify events into Green,
Yellow and Red levels, supporting safe and proportionate decision-
making home setting. This framework provides clear guidance for
action and communication without replacing professional medical
care. The algorithm depicted in Figure 3 presents a stepwise
approach to the management of acute complications in the home
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setting, guiding immediate and safe decision-making while facilitating
timely contact with the nephrology team or emergency services."?

N\
@)

STAY CALM & ASSESS
Check symptoms, vital signs
and access site

R

h 4
CLAMP & CALL
Clamp bloodlines or stop the
blood pump.

Call the dialysis unit or use
emergency contact system.

ADDRESS SYMPTOMS' MONITOR PATIENT

Administer fluids Continuously reassess
or stop ultrafiltration| vital signs and symptoms|

as appropriate.
AVOID IMPROVISATION ESCALATE IF NEEDED ‘

Do not attempt untrained Activate emergency "=
'@eWe¥ repairs or actions. services if patientis | ¥ Rl
unstable.

Figure 3. Inmediate Response Algorithm for Complications in HHD.

The severity-based escalation framework is summarised in Table
6 and distinguishes between incidents that can be managed
independently, situations requiring remote professional guidance,
and true medical emergencies demanding immediate activation of
external emergency services. This structured differentiation allows
patients and care partners to calibrate their response according
to clinical severity. Minor technical incidents (Green Level) may
be resolved using training and troubleshooting guides, provided
that they do not compromise patient stability. Persistent clinical or
technical events (Yellow Level) require interruption of treatment when
appropriate and prompt contact with the HHD team for professional
guidance. Major emergencies (Red Level) demand immediate
interruption of the extracorporeal circuit and activation of emergency
services.?




o Green
Level
Minor
Technical
Incident

Yellow
Level
Persistent
Clinical or
Technical
Incident

o Red
Level
Major
Emergency
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- Interruption
of session
without clinical
compromise.

Patient able

to resolve
independently
using training
and technology
safeguards.

- Safety
compromised
but no
immediate life-
threatening risk.

- Requires
professional
clinical
judgement.

Immediate risk
to life, limb,

or vascular
access.

- Requires urgent
interruption
and emergency
activation.

- Low dialysate
inlet pressure

- Blood pressure
cuff reading error

- Missing
consumables

- Positional or

clamp-related
pressure alarms

- Persistent
hypotension or
dizziness

- Muscle cramps
not resolving

Dysfunctional
vascular access

- Recurrent alarms

Medication
administration
errors

- Line
disconnection
with blood loss

- Chest pain

- Loss of
consciousness

- Seizures

- Needle
dislodgement
with bleeding

- Loss of
extracorporeal
circuit

care team

. Silence alarm and
read message

. Follow Visual
Troubleshooting
Guide

. Resume session if
resolved

. Record event in daily
log

. Escalate if unresolved
after two attempts

. Stop blood pump if
needed

. Apply trained
corrective measures

. Assume safe position

. Contact HHD Unit or
technical support

. Decide on continuation
or termination

. Emergency stop
or clamp lines
immediately

. Perform manual blood
return if safe

. Activate emergency
services

4. Inform care partner

. Notify HHD Unit after
stabilisation

Table 6. Severity-Based Escalation Model for Adverse Events in HHD.
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The key objectives of the rapid response plan are to:

 Facilitate early recognition of abnormal or potentially dangerous
situations

* Ensure immediate and structured communication with the
reference team

 Establish safe initial actions that can be performed at home

* Promote systematic recording and analysis of incidents to
strengthen programme safety

The rapid response plan is introduced from the beginning of the
training process and reinforced throughout follow-up.?® During
training, individuals must develop the ability to recognise warning
signs, interpret alarm warnings, and apply appropriate corrective
measures. Practical simulations are essential to consolidate
competence, particularly for Yellow and Red Level scenarios.™
Patients should clearly understand:

* Which symptoms or alarm signals require immediate action

» How to apply basic initial measures while awaiting professional
support

» Which communication channels to use for urgent incidents

» The criteria for attending a healthcare facility or activating
emergency services

To facilitate access to essential information at home, the nursing
team may provide:

» Printed or digital guidance documents
» Visual flowcharts summarising the response pathway

» Clearly structured 24/7 contact lists for the nephrology team and
emergency services

These materials function as structured cognitive supports, helping
patients maintain clarity and confidence under stress.*®

For effective integration into routine practice, it is recommended to:

» Display emergency contact information in a visible and easily
accessible location



A guidebook on home haemodialysis for nephrology
care team

* Maintain an organised and safe treatment area to allow prompt
and efficient action

* Periodically review educational materials and emergency
resources to ensure they remain updated and accessible

When consistently embedded into daily practice and reinforced
through ongoing nursing supervision, the severity-based rapid
response model strengthens patient autonomy while preserving
a secure and reliable connection with the healthcare team. In this
way, preparedness becomes an integral and dynamic component of
safety in HHD.?

Quality and Safety Assurance Framework

A structured quality and safety assurance framework is essential
to ensure that HHD programmes remain safe, consistent, and sustainable
over time. Although serious adverse events in well-established programmes
are uncommon, their potential severity requires systematic oversight,
continuous monitoring, and organisational learning. This framework can
be conceptualised using Donabedian’s Structure—Process—Outcome
model, adapted to the home dialysis setting (Figure 4). In HHD, patient
safety emerges from the interaction between robust structural safeguards,
standardised care processes, and measurable outcomes. 5%

RESOURCES AND EDUCATION AND RISK MANAGEMENT
SUPPORT TRAINING

EEH indhvicielesiion Logging and Communication
[m]

Simulations Carer / Care Partner

Home environment Suitability

Patient Algorithm for Safety Kit

Technology emergency @
:H -

[2] LOGGING —

INTERVENTION
* Prescription Adjustment
* Re-training

Figure 4. Structured Quality and Safety Assurance Framework for HHD.
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Structural Dimension: Resources and Support

Structural elements define the foundational conditions required for
safe home treatment before dialysis even begins. These include:

» Certification of the training centre and documented
competencies of nurse educators

» Structured assessment of home suitability, including electrical,
plumbing and communication systems

» Selection of dialysis technology incorporating advanced
biosafety systems (air detection, blood leak sensors, pressure
monitoring) and ergonomic, user-friendly interfaces

These safeguards establish a safe therapeutic environment and
reduce dependence on improvisation.

Process Dimension: Education and Risk Control

Process measures represent the primary safety filter in HHD. They
include:

* Risk-based patient selection using clinical, psychosocial, and
functional assessment

» Competency-based training, including mandatory simulation
of critical incidents (e.g., accidental disconnection, severe
hypotension, power failure, machine malfunction)

* Implementation of a clearly defined QRP, supported by visual
aids and accessible emergency contacts

» Ongoing nursing-led monitoring through periodic in-person or
remote home audits

Standardisation of these processes minimises variability, strengthens
adherence and reduces preventable risk.''

Safety Governance: Incident Culture and Critical Risk Management

Transforming shared responsibility into operational safety requires a
structured and transparent incident culture. All adverse events and
near misses should be systematically recorded and analysed using
RCA. 82825 A structured incident log template may facilitate consistent
documentation, trend identification, and reflective review (Table 7).
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CONSE-

Monitor
malfunction

Water

contamination
TECHNICAL Medication
ISSUES error

Air in circuit

Blood Leak

Others

Hypotension
(Low BP)

Muscle
cramps

Blood loss
Infection

Catheter
dysfunction

Absence of
thrill
(arteriovenous
fistula)
MEDICAL Extravasation
COMPLICATIONS (Infiltration)
Minor bleeding
Major
haemorrhage

Air embolism

Chest pain /
Headache /
Dyspnoea

Clotted
extracorporeal
circuit
Oedema
Others
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Non-
adherence
to treatment
regimen

Cannulation

anxiety
OTHERS /

PSYCHOSOCIAL Caregiver

strain /
Overload

Memory
lapses /
Omissions

Other issues

Table 7. Structured Incident Log Template for Safety Monitoring in HHD.

Near misses are particularly valuable, as they provide opportunities
for corrective action before patient harm occurs and allow early
identification of latent system vulnerabilities.

Additional safety reinforcement strategies include:

» Assessment of caregiver stress and burnout as potential risk
factors for safety degradation.

» Provision of structured visual support resources (“Safety
Kit”), including emergency algorithms, 24/7 contact lists,
troubleshooting guides and backup material stock

A non-punitive reporting environment that actively encourages
transparency strengthens organisational learning, reinforces
nursing oversight, and enhances programme resilience over time.?

Outcome Dimension: Documentation and Quality Indicators

Outcome monitoring enables objective evaluation of programme
performance. Clearly defined safety indicators allow benchmarking
and early detection of deviations. Parameters such as vascular
access infection rates, intradialytic hypotension, thrombosis,
ultrafiltration rates, extracorporeal circuit loss, technique retention,
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and adverse event-related hospitalisations provide measurable
insight into safety performance. A selection of safety-related quality
indicators commonly applied in HHD programmes is presented in
Table 8.2830

Training Days of training <40 days

Vascular access Autologous AVF rate > 80%

Vascular access Permanent CVC rate < 20%
0 episodes

Infection CRBSI /1,000 tunnelled CVC
days

< 0.15 episodes/patient-

Thrombosis Access thrombosis rate :
year at risk

Haemodynamic stability Intradialytic hypotension < 5% of dialysis sessions

Ultrafiltration safety UF rate < 10 ml/kg/h
Circuit safety Extracorporeal clotting < 1% of dialysis sessions
Puncture/extravasation < 10% of dialysis

Cannulation safety .
problems sessions

Table 8. Selected Safety-Related Quality Indicators in HHD.

Through structured governance, regular audit and data-driven
evaluation, quality assurance transforms isolated clinical events
into continuous organisational learning. In this way, safety in HHD
becomes an ongoing commitment embedded within programme
culture rather than a static achievement.?®

Conclusion

HHD is a highly effective and patient-centred modality of kidney
replacement therapy, but its safe delivery in the home setting
requires a structured and proactive approach. As care shifts
from the supervised clinical environment to the patient's home,
safety becomes a shared responsibility grounded in preparation,
competence, and coordinated support.

Safe practice in HHD relies on careful patient and home assessment,
structured education, appropriate equipment selection, adherence to
standardised protocols and clear communication pathways. Early
recognition and management of complications, supported by defined
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response plans and continuous access to the nephrology team, are
essential components of this framework.

Within this model, the nursing team plays a central and leading
role. Nurses are pivotal in patient selection, education, competency
assessment, ongoing supervision, and the promotion of a culture
of safety based on trust, open communication, and continuous
reinforcement of best practices. Through structured follow-up,
incident review and quality monitoring, nursing leadership ensures
that safety is maintained over time and adapted to the evolving
needs of patients. In this way, HHD can be delivered safely and
sustainably, empowering patients while maintaining high standards
of clinical governance and professional oversight.
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Chapter 7

Home Haemodialysis and Psychological Aspects

Learning objectives

» To be able to summarize the concept of HHD and its current role in
kidney replacement therapy

» To understand the principles and psychological aspects of
independent and assisted HHD training

» To recognize psychosocial aspects of HHD

« To identify psychological support strategies to improve adaptation and
quality of life in HHD patients

Introduction

HHD is increasingly recognised as a preferred, cost-effective KRT.
It improves patient survival and quality of life compared to in-centre,
hospital-based HD. It can offer greater independence, flexibility,
and convenience for the patient and their family. It also reduces the
risk of infections, which was especially relevant during the Covid
pandemic.'?3

The medical benefits for patients include improvement in blood
pressure control, less hospital admissions, and better mental health.
The patients have the flexibility to set their schedules at home to
suit themselves. With the ability to do more frequent, longer, or
even nocturnal HD sessions it can also reduce cardiovascular
stress. However, globally the uptake for HHD remains low. This
is due to a number of factors. To complete treatment without lack
of infrastructure, water and power is not possible. As the cost of
equipment is high, the expenses are not always covered by medical
insurance, or government policy. For the patient there can be a lack
of confidence in their ability, for example, the anxiety around self-
cannulation. Where there is a caregiver, there is the possibility of
stress, care, and the responsibility of being in that position.4%678

The ISN and the ISPD have formed the IHDC to promote home
dialysis globally. In May 2025 the WHO have adopted a resolution
in relation to kidney health. The IHDC’s mission is to align with these
goals, by applying the same standards of home-based dialysis
access to affordable kidney care. The aim is to move from hospital
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HD (3 sessions a week) to all home-based options. The knock-on
effect will be improving patient outcomes and reducing the cost and
burden on healthcare systems.23910.11

Home haemodialysis independently or with assistance - training

The psychosocial aspects of HHD can significantly influence a
patient's positive treatment outcome. While HHD offers flexibility
and an improved quality of life, it also presents challenges. The
fundamental issues for patients include anxiety, depression, social
isolation, and the burden of managing treatment. There is also
concern about unexpected outcomes during HD. When a patient has
assistance from someone in managing their treatment, such as a
spouse, parent, sibling, friend, or caregiver, they may also find the
routine burdensome. This can lead to the patient returning to the
hospital or satellite HD unit for treatment.?

Training programmes for HHD typically take 3-5 weeks to complete,
and the training is usually completed in-centre, at the hospital. It is
essential to teach patients to cannulate their access with confidence,
in order to manage their HHD treatment independently. This process
helps them see themselves as a 'self-care provider," sometimes
with the support of a ‘care partner.' Patients may experience anxiety
related to self-cannulating, and potential complications during
HHD. While in-centre support exists, the responsibility ultimately
rests with the patient and/or care partner at home. It is crucial that
training and support are tailored to each individual; some patients
may require additional time to develop the necessary skills, which
can help prevent burnout in the future. Long-term HHD patients
may also face depression, an issue often under-recognized in the
past. Chronic iliness can significantly impact quality of life, leading
to sleep disturbances, psychological stress, feelings of isolation, and
sometimes a sense of being a burden to loved ones. When a patient
can transition from in-centre HD to HHD, considering all these factors
and with proper support, it can become a manageable routine for
both the patient and their extended family.'2

Below is a comparison between completing haemodialysis in-centre
compared to choosing to do the treatment at home.



Schedule

Availability

Machine/
supplies

Training

Diet and liquids

Level of freedom

Amount of work

Payment
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Three treatments a week
for about 4 hours. Monday,
Wednesday, Friday;

or Tuesday, Thursday,
Saturday/Sunday.

Available in most
communities; may require
travel in rural areas.

The clinic has the machine
and supplies.

The clinic teaches about
treatments, diet, liquids,
medicines, lab tests, etc.

Strict limits on liquids,
phosphorus, sodium, and
potassium intake.

Less freedom on treatment
days. May feel fatigued for
hours after each treatment.

Centre staff members do
HD tasks. They can teach
you to do some tasks.

Medicare and most other
health plans cover three HD
treatments a week.

care team

Flexible. Three to seven short
or long treatments per week at
times that work best for you,
including daily or nocturnal HD.

Becoming more widely
available as smaller equipment
is developed.

The machine and 2 - 4 weeks’
worth of supplies in the home.
You may need adaptations

in your home to connect the
machine to electricity and
water.

You (and a partner, if assisted
HHD is planned) must attend 3
to 8 weeks of HHD training.

Fewer limits on liquids or diet,
based on the amount of HD,
residual kidney function, and
lab tests.

More freedom because you set
the treatment schedule to meet
the total prescribed dose. Work
and travel are much easier.

You (and your partner if
available) must set up, run,
and clean the machine; check
vital signs; track the treatments
and send in forms; and order
supplies.

Medicare covers three HD
treatments a week and may
cover more for medical
reasons; other health plans
may cover all HD treatments.

Table 1 - Dialysis Centre and HHD Comparison Chart.

The above chart is adapted from the National Institute of Diabetes
and Digestive and Kidney Diseases.
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Psychosocial aspects and Home Haemodialysis

An international study conducted in Melbourne, Victoria, Australia,
in 2015 reviewed the psychosocial aspects of HHD. Its goal was to
serve as a psychosocial guide for new start- up HHD programmes.

Itis important to recognise the psychosocial aspects involved when a

patient completes HHD. Managing their own treatment is a significant
responsibility for any kidney patient. A patient's psychosocial factors
influence the success of the training program provided by the hospital
they attend. To perform HHD, the patient must be physically capable
of meeting all treatment requirements and executing the procedure at
home. Support from a multidisciplinary team is essential. Performing
HD at home can be challenging and requires proper training,
education, and communication among all involved parties. There
can also be financial implications in some cases, depending on
the country and available government support. The hospital-based
multidisciplinary team must also provide appropriate support when
necessary. It is crucial that patients can contact the hospital 24/7 if
needed or have access to the contact information of the equipment
supplier for HHD. Successfully managing their ESKD could help
patients prolong their lives and improve their quality of life.'

The research compared twelve countries with a total of 9382 patients.
DOPPS, along with the depression screening index, found that 43%
of patients attending hospital-based HHD were identified as having
depression. However, nephrologists only identified 13. 9% of these
patients as being depressed."

Griva et al. (2010), in their study, ‘An evaluation of iliness, treatment
perceptions, and depression in hospital versus home- based dialysis
modalities, ' showed that depression was significantly less common
among the home HHD population at 8%, compared to hospital HHD
patients, who were 42.3% more likely to experience depression.™

A study by Nearhos et al. (2013) on the psychological factors
associated with successful outcomes in HHD found that these
outcomes are strongly driven by psychological factors. Adaptive
coping strategies can optimise a favourable outcome in continuing
HDD. Patients who have ‘high levels of motivation, emotional
resilience, and actively engage in their self-care are successful in
HHD. When a patient can also accept their diagnosis and treatment,
and has strong social support networks to help manage the burden
of self-care, this often leads to better outcomes.?
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Key psychological factors associated with success include:

« Active Role and Autonomy - Patients who take an active
role in their treatment are more likely to succeed. They usually
exhibit self-confidence and self-belief and a sense of control.

» Acceptance and Coping Styles - Successfully adapting and
accepting the necessity of HHD treatment, and possessing
the capacity to change and learn new coping strategies.
Furthermore, being optimistic and positive is associated with
longer-term success.

* Psychological Resilience and Mental Health — Depression,
anxiety, and stress when managed and supported can
contribute to better outcomes. There are studies that suggest
that "denial" to a degree, can produce a protective screen,
allowing the patients to manage the stress of treatment.

» Social Support and Interaction — Support from family, friends,
and healthcare professionals that are engaged in patients’
treatment mitigates emotional distress and is crucial for long-
term success.

» Cognitive and Emotional Suitability — Patients are sometimes
assessed using tools like the Jo-Pre-training Assessment Tool
(JPAT). A patient’s cognitive function and emotional stability can
be evaluated prior to training for HHD treatment.

* Managing Burden and Anxiety — To avoid burnout and
stopping/changing treatment, it is essential to try and manage
emotional fears, complications, and anxiety related to self-
needling and the maintenance of equipment for treatment.™

Factors such as high emotional stress, poor coping, and limited
support can lead to early failure in home training or treatment,
resulting in a return to in-centre HD.

A small, but relevant study in Australia by Hanson et al. (2017) aimed
to give an insight into patient’s perspectives on the transition to HHD.
Twenty patients engaged in this study, completing a satisfaction
questionnaire after commencing HHD. They also participated in
‘sequential semi-structured interviews’, three in total. Interview
one at the start of training, interview two at the end of training, and
interview three when HHD treatment commenced.
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Six themes were identified from the study:

1. Reconciling fears of cannulation, for example, by repetitive
practice in needling.

2. Acknowledging the rare possibility of fatal risks and put supports
in place to prevent them occurring.

3. Tolerating necessary concessions.
4. Dispelling concerns of neglect.

5. Optimising the learning pathway — for example, by following a
checklist.

6. Developing confidence and belief in their ability to do the
treatment at home themselves.

The study concluded that training in HHD promotes confidence
for patients. In several instances, it was recognised that many
patients experience stress because of medical isolation, treatment
responsibilities, family impositions, and financial difficulties.
Therefore, it is important to address patients’ on-going psychosocial
concerns. By doing so it could alleviate burdens that patients and
their families are experiencing while transiting to HHD.®

A systematic review of qualitative studies was undertaken by Walker
et al. (2015) on patient and caregiver perspectives on HHD, only
English articles were included. Twenty-four studies were looked at
involving a total of 221 patients. The breakdown was as follows:
HHD 109, hospital HD 97, pre dialysis 15, along with 121 eligible
caregivers. The interviews looked at the possible benefits of HHD
taking into consideration any fears or anxieties that they had prior
to training. These included lacking confidence in ability to perform
HHD, particularly self-cannulation, and a sense of being vulnerable
and secluded from medical support. The last perceived concern was
that HHD would place a burden on the family. Although there were
concerns, primarily patients and caregivers could see the flexibility
HHD would allow, and the realisation that there would be constant
monitoring and communication from the support team in the hospital.
There was also consideration regarding improved well-being, and
better relationships, along with the opportunity to thrive. Once the
apprehensions were acknowledged and discussed with patients and
caregivers, the idea of HHD was considered a positive option.'®
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Psychological support strategies

Professional psychological support — Bennett, Schatell, and Shah
recommend assessing all HHD patients (both home and in-centre)
for depression before starting HHD treatment and at regular intervals
afterward. This is especially important when a patient experiences a
‘change in life status,” such as the death of someone close, ending a
relationship, changes in ability to work, or ongoing hospitalisations.
Having a psychologist or counsellor as part of the multidisciplinary
team is beneficial for managing anxiety and/or depression, which
could interfere with HHD treatment. It is also notable that in the
USA, adult dialysis patients are required to complete KDQOL-36™
survey annually as part of their care plan. Research dating back to
1997, which the author believes remains relevant today, has shown
that haemodialysis patients perceived functional health status can
predict survival, hospitalization, and dialysis attendance compliance.
DeOreo recommended using specific depression scales, such as
the Beck Depression Inventory and the mental health section of the
Patient Health Questionnaire-2, to screen for depression.'”'8

Peer psychological support — Depending on the individual, there
can be a sense of isolation for some completing their HHD from home.
This was recognised in research, through interviews conducted in
2013 by Tong, et al., titled "The Beliefs and Expectations of Patients
and Caregivers About Home Haemodialysis." There are various
support options outside of the hospital environment available to
kidney patients. These include web-based support, local support
groups, peer-to-peer, and individual support for those seeking
additional assistance. Since COVID-19, more support is accessible
online, which is especially helpful for those who find it difficult to travel
orlive in rural areas. An example is IKA, a charitable organization that
offers free, online, peer-to-peer support via Zoom. They have trained
patients to serve in this capacity and supervise them in all aspects
of kidney treatment, including HHD, peritoneal dialysis, hospital HD,
transplantation, and living donation. The organization also provides
free counselling services across lIreland for patients, caregivers,
and family members. Additionally, IKA has branches nationwide that
hold monthly meetings for patients and families to connect. There
are also online support groups established by patients themselves,
where they can engage with others who have experienced or are
experiencing similar journeys related to their medical treatment.'®2°
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Multidisciplinary team support — It is important that patients have
support and encouragement from their multidisciplinary nephrology
team, including nurses, social workers, and psychologists or
counsellors, to engage with these supports. With the assistance of
the hospital nephrology team, the goal is for patients to regularly
engage with their chosen supports, which helps identify any issues
they are experiencing, such as early signs of burnout.

Technical Support — HD machines are modern and user-friendly.
They have remote monitoring and, this allows for the patient to
have a safer, independent HHD experience at home. Due to remote
monitoring a care partner is not necessary in most situations.*¢”

Financial Support — This covers the cost of the home modifications
that are required to install the HD machine. It also assists in the
cost of utilities for example, electricity which is essential for the
treatment process. Reimbursement for out-of-pocket expenses and
employment-retention interventions can assist in overcoming some
of the logistical barriers."?

Respite Care — The type of respite care required will be determined
by the patient and care partner to fit their own unique situation.
There is access to temporary in-centre HD treatment due to illness
or difficulties managing treatment at home. This can allow patients
and caregivers to have a break from managing treatment at home.?!

Travel and Holidays — It is possible for the majority of patients on all
forms of dialysis treatment including HHD to travel and go on holidays
if they wish. However, good planning is required by the patient. It
can take approximately eight to twelve weeks to arrange, depending
on the holiday destination. This is to allow for the coordination of
supplies and treatments where HD treatment has been arranged in-
centre at their destination. Available slots can be limited depending
on where you are travelling. Some patients on HDD may use portable
machines, such as the NxStage System One or the Physidia System,
which can travel with the patient. It is important that patients continue
to live their lives while on treatment and taking a holiday can give an
‘emotional boost’.222®
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Conclusion

While HHD offers significant benefits, including increased
independence, improved clinical outcomes and quality of life, for
some patients and caregivers it can inflict a considerable amount of
burden that is not anticipated when treatment commences at home.
Successful HHD is connected to the psychological well-being of the
patient, caregiver, and/or family. The "home-first" approach must be
supported by a multidisciplinary team and proactive psychosocial
framework.716:17.24.25
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Chapter 8

Home Haemodialysis and Diet

Learning objectives:

» To outline how HHD influences nutritional requirements and dietary
restrictions compared with conventional in-centre HD, with particular
attention to protein and energy needs

» To describe practical, food-based strategies to help patients meet
protein and energy requirements, while recognising common barriers
such as fatigue, reduced appetite, and limited cooking capacity

» To explain phosphate management in HHD, including the impact of
dialysis dose, the relationship between dietary protein and phosphate,
and prioritising reduction of phosphate additives without compromising
nutritional adequacy

» To support safe sodium and potassium management by focusing
on practical counselling approaches, label awareness, avoidance
of potassium-based salt substitutes, and recognition of non-dietary
contributors to potassium imbalance

» To recognise and respond to malnutrition risk in HHD by applying
structured nutritional screening and timely escalation/referral when
concerns arise

Introduction

Nutritional care is a core component of safe and effective HHD.
While dialysis enables the clearance of uraemic toxins and supports
metabolic stability, it can also contribute to catabolism and nutrient
losses—particularly protein—making adequate intake essential
to reduce the risk of PEW. The dialysis prescription used in HHD
(including frequency and duration) may also alter the degree of dietary
restriction required for phosphate, sodium, and potassium. Advice
therefore needs to be individualised and guided by biochemical
trends, dialysis adequacy, and patient-reported intake. This chapter
provides practical, nursing-focused guidance on supporting dietary
intake in HHD, including estimating protein and energy requirements,
prioritising nutritionally valuable foods while limiting additive-rich
processed products, and implementing structured screening to
identify malnutrition risk and trigger timely intervention.
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Protein and Home Haemodialysis

People with  ESKD on dialysis have increased daily protein
requirements. This is due to several factors, including the fact that
dialysis itself is a catabolic process, contributing to inflammation
and the loss of nutrients such as protein. In maintenance dialysis
populations, it has been estimated that patients may lose up to 7-8
g of protein per dialysis session." Similar research in HHD patients is
lacking; however, with increased dialysis hours and/or frequency, it
is reasonable to consider that HHD patients may be at greater risk of
cumulative protein losses.

Current KDOQI guidelines advise protein requirements of 1.0-1.2 g/
kg body weight/day for HD patients.? Calculations are usually based
on the “healthy” BMI range of 18.5-25.0 kg/m?. Where an individual
is overweight (BMI >25.0 kg/m?) or underweight (BMI <18.5 kg/m?),
IBW should be used when calculating protein requirements.

When considering a patient’s protein requirements, it is also important
to recognise factors that may increase needs further, such as regular
physical activity (particularly weight/resistance training), acute illness
or metabolic stress, and the presence of pressure sores/ulcers or
wounds requiring healing. In more complex scenarios such as these,
referral to a renal dietitian (where available) is recommended.

Protein can be found in both animal and plant sources. Animal
sources include meat, fish, dairy, and eggs. Plant-based sources
include nuts, beans, pulses (lentils, chickpeas, peas), and soya
products (e.g., tofu). There is insufficient evidence to suggest
which type of protein is most beneficial in HD patients; however,
encouraging a variety of sources is advisable. Including a portion of
protein at each meal is recommended to help individuals meet their
requirements. Table 1 shows the protein content of selected foods
per 100 g portion.?

Chicken breast (cooked) 100 g 320¢g
Minced beef (cooked) 100 g 21.8¢g
Cod (cooked) 100 g 2469
Eggs (boiled) 100 g 13.09g

Cow’s milk (whole) 100 g 349
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Hard cheese (cheddar) 100 g 25449
Cannellini beans (cooked) 100 g 789
Chickpeas (cooked) 100 g 844
Lentils (cooked) 100 g 8.1¢g
Mixed nuts (unsalted) 100 g 23.8¢g
Tofu 100 g 8.1g

Table 1. Protein content of common foods (per 100 g).

High-protein foods that are also high in salt and phosphate/potassium
additives should be reduced. Examples include processed meats
(cured meats, sausages, packaged meats), processed cheeses,
salted nuts, and processed meat “alternatives”.

When supporting patients to eat enough protein, it is important to
acknowledge that daily intake may be affected by factors such as
education, cooking skills, fatigue, appetite, and personal dietary
preferences. It has been observed that intensive HHD regimens,
particularly nocturnal HHD and short daily HHD, can be associated
with improved overall intake and appetite. This may relate to more
frequent removal of uraemic toxins, fewer restrictions around
potassium and phosphate, and reduced reliance on medications
such as phosphate binders.*®

Energy Requirements

Although energy (calories) is not lost during the dialysis process,
sufficient energy intake is essential to help protect against
protein—energy malnutrition. KDOQI guidelines advise total energy
expenditure for dialysis patients of 25—-35 kcal/kg body weight/day,?
again using IBW in over- and underweight individuals. Physical
activity and comorbidities such as cancer, chronic obstructive
pulmonary disease, HIV, and acute iliness with metabolic stress may
increase energy requirements further. As above, referral to a renal
dietitian is advised in more complex cases where available.

Energy is provided by all food groups, but energy-dense foods
include carbohydrates (bread, potatoes, rice, pasta) and fats (butter
and oils). To maximise nutritional benefit, higher-fibre carbohydrate
sources should be encouraged, such as wholegrain breads and
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pastas, and brown or wild rice. Fats should be included in moderation,
with emphasis on unsaturated fats (plant-based oils such as olive oil)
over saturated fats (animal-based fats), to support cardiovascular
health.

High-energy foods that are also high in sugar and fat (e.g., cakes,
pastries, biscuits, sweets, chocolate, crisps) should be eaten less
often and in small amounts, in line with healthy eating guidance.

For those who are unlikely to have a transplant in the future,
nutritional goals should consider quality of life alongside the
likelihood of clinically meaningful benefit from dietary change. With
ageing, it is also important to consider whether calorie restriction and
weight loss are beneficial. For transplant candidates (or those who
may receive a transplant), achieving a healthier weight can reduce
the risk of diabetes and cardiovascular complications, and obesity
is associated with a higher risk of delayed graft function and post-
operative complications.® Conversely, in older people on long-term
dialysis who have limited physical activity and reliance on carers,
there may be a risk of muscle loss,” which can affect mobility,
increase falls risk, and negatively impact overall health.
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Phosphate

Phosphate clearance is reduced in ESKD. Someone receiving three
haemodialysis sessions per week for around 4 hours per session is
likely to require phosphate moderation advice. People on nocturnal
HHD tend to remove more phosphate due to extended dialysis
hours,® so the need for dietary restriction will depend on serum levels.
Given higher protein requirements in dialysis, phosphate intake can
increase unavoidably because many higher-protein foods contain
moderate amounts of phosphate. Phosphate binders may therefore
become more important.

Sustained hyperphosphatemia is associated with vascular
calcification and CKD-mineral and bone disorder. Some people
are at increased risk of vascular calcification, including those taking
warfarin, people with diabetes, those with a raised BMI, and those with
raised phosphate and calcium levels.® Poor phosphate control over
time can contribute to calciphylaxis (calcific uraemic arteriolopathy),
a painful skin and vascular condition that can be life-limiting.

When discussing phosphate restriction, it is important to prioritise
foods that are less nutritious and those where phosphate is more
readily absorbed. Phosphate additives (e.g., sodium phosphate,
phosphoric acid) used in products such as sausages, burgers, cola
drinks, and processed cheese are more easily absorbed, so these
should be targeted first. Foods such as offal (e.g., liver, kidney) are
also high in phosphate, as are edible bones in fish (e.g., tinned fish).
In this case, the bones can be avoided rather than the fish itself,
as oily fish provides beneficial omega-3 fats. If phosphate remains
raised despite these steps, phosphate binders may need to be
considered, as it is important not to compromise protein intake.®
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Salt

High salt intake increases the risk of hypertension and related
complications such as stroke. Salt can also increase thirst, so
salt restriction is advised for people on dialysis and offers multiple
benefits. In the UK, average salt intakes are around 9.5 g/day, and
guidance is to reduce to 100 mmol of sodium," equivalent to 6 g of
salt per day.

Sources of salt vary by cuisine. In many European diets, salt tends to
come predominantly from processed foods. In some Asian, African,
Caribbean, and Chinese cuisines, more salt may be added during
home cooking through salt, monosodium glutamate, and stock
seasonings. Advice to reduce salt therefore needs to be tailored to
the patient’s usual diet and cooking practices.'?

Herbs and spices can enhance flavour without adding sodium, so
options such as basil, oregano, pepper, chilli powder, ginger, garlic,
lemon juice, and vinegar can be encouraged.

If stock cubes are used, advise limiting to no more than one cube
for four servings and choosing reduced-sodium options, while
ensuring they do not contain potassium-based salt substitutes (often
listed as potassium-containing ingredients). In dialysis populations,
salt substitutes are not advised because they commonly contain
potassium.
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Potassium Management in Home Haemodialysis

In ESKD, potassium homeostasis becomes critically dependent on
dialysis because the kidneys can no longer effectively excrete dietary
potassium. In healthy individuals, the kidneys excrete approximately
90% of potassium, with the gastrointestinal tract handling the
remainder. In patients on HHD, potassium balance depends on the
frequency and duration of dialysis, dialysate potassium concentration,
and dietary intake.

For many HHD patients, more frequent sessions allow more stable
potassium removal and may reduce the need for rigid potassium
restriction. However, potassium intake still requires careful
assessment, particularly when pre-dialysis serum potassium values
are elevated or trending upward.

Nurses play a central role in monitoring potassium balance. Regular
review of laboratory values, especially pre-dialysis serum potassium,
should be part of routine care. Trends above 5.5-5.8 mmol/L may
indicate excessive potassium intake relative to dialysis clearance,
missed treatments, or changes in home routine. Conversely,
persistent levels below 3.5 mmol/L may suggest over-clearance, low
dietary intake, or gastrointestinal losses.

Traditional advice often focuses on “high potassium foods,” but
this can be misleading. Not all potassium sources have the same
impact on serum levels. Many nutrient-dense foods—such as fruits,
vegetables, legumes, and whole grains—contain potassium bound
within plant cells, which is often less bioavailable than potassium salts
added to processed foods (e.g., potassium chloride in salt substitutes
and preservatives). This distinction is important, particularly when
advising patients without routine dietetic support.



A guidebook on home haemodialysis for nephrology
care team

Patients should be guided to limit processed foods containing
potassium additives (e.g., ready meals, processed meats, instant
noodles, and salt substitutes), which can raise serum potassium due
to higher bioavailability and limited nutritional benefit. In contrast,
whole plant foods often provide valuable fibre, antioxidants, and
micronutrients and may be included safely when serum potassium
is stable (Table 2).

In addition to diet, consider non-dietary contributors to potassium
imbalance, including dialysate potassium concentration, missed
or shortened sessions, medications (especially RAAS inhibitors),
and acid—base balance. Nurses can also support patients to keep
a simple food log (e.g., 3-5 days) to identify patterns linked to
potassium changes.

Education is key: support patients to interpret food labels and to
distinguish naturally occurring potassium from potassium-based
additives. Reinforce that the goal is balanced intake rather than
blanket restriction, while prioritising overall nutritional quality.
Ultimately, potassium management in HHD is dynamic and requires
ongoing adjustment based on trends and context.

Crisps, instant

Potassium additives High salt/fat; low nutrients
noodles
Salt substitutes Potassium chloride ) S|gn|f|cantly raise
potassium
Chocolgte, Cocoa potassium High sugar/fat
confectionery

Large fruit juice
servings

High sugar; lacks whole

Natural potassium, no fibre fruit benefits

Table 2. Common high-potassium, low-nutrient foods.

Screening For Malnutrition in Home Haemodialysis

Malnutrition, particularly PEW, remains a significant concern
among individuals receiving maintenance HD. It is associated with
increased morbidity and mortality, reduced functional capacity, and
diminished quality of life. Although much of the research has focused
on in-centre haemodialysis populations, the principles supporting
nutritional screening are equally relevant to HHD, where patients
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may have distinct patterns of intake and energy expenditure related
to their treatment modality and lifestyle.

The prevalence of nutritional risk in HD populations is high. Cross-
sectional studies using validated tools such as the MIS,”® SGA™
and disease-specific indices have reported malnutrition risk in
approximately 30—45% of haemodialysis cohorts, although estimates
vary depending on the tool and population studied.

Effective nutritional screening in HHD should incorporate both
subjective and objective parameters. Standard indicators such as
BMI may underestimate risk when used in isolation, particularly in
patients with altered body composition or significant fluid fluctuation.
A combined approach that includes anthropometry, dietary intake
patterns, biochemical markers (e.g., albumin, prealbumin), and
validated questionnaires (e.g., Mini Nutritional Assessment-Short
Form, MIS, SGA)™ improves identification of individuals at risk of
malnutrition and facilitates the diagnosis of PEW in the home setting.

In HHD, baseline and serial assessments of nutritional status are
recommended at therapy initiation and at regular intervals thereafter
(e.g., quarterly, or following significant clinical changes such as
dry-weight loss, hypokalaemia, or hypophosphataemia). Early
identification supports timely escalation to the medical team and
referral to renal dietitians (where available) and enables targeted
interventions to optimise energy and protein intake, prevent
unintentional weight loss, and support overall outcomes.

Where appetite is poor, nurses can implement low-risk, food-based
strategies such as encouraging small, frequent meals; advising on
energy-dense choices (e.g., full-fat dairy, nourishing snacks); and
supporting appropriate use of oral nutritional supplements where
permitted by local guidance. Ongoing monitoring of dry weight,
intake patterns, and biochemical markers is essential, with concerns
escalated to the medical team when specialist dietetic input is
unavailable. Once appetite improves and weight is stable, a return
to a general healthy eating pattern can be considered, provided
there are no ongoing medical drivers of poor intake (e.g., infection,
malignancy).

Malnutrition risk may increase during repeated hospitalisations,
where disrupted routines and unintentional weight loss are common.
When dialysis is delivered effectively and regularly, risk may be
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reduced because improved uraemic toxin clearance can help
preserve appetite. Nevertheless, ongoing assessment of appetite
and intake remains essential.

Monitoring dry weight (interpreted in the context of fluid balance)
is a key strategy for identifying nutritional concerns. A consistent
decline in dry weight may signal the need for intervention. Tools that
assess appetite and intake, rather than relying solely on weight or
BMI, are particularly valuable in patients with oedema or fluid shifts.
Unexpected increases in fluid weight may also conceal loss of
muscle or fat tissue, highlighting the importance of comprehensive
monitoring.

Techniques such as bioimpedance analysis and simple functional
measures, including handgrip strength, may complement routine
nutritional assessment and help identify early signs of PEW.

Appetite disturbance may be driven by comorbidities such as
malignancy, gastroparesis, sepsis, or the cumulative impact of
frequent admissions. Social factors—including financial constraints,
reliance on caregivers, or difficulty accessing food—can further
compromise intake. Nutritional status can change with acute iliness,
treatment modifications, psychosocial stressors, or other clinical
events. A structured but flexible approach to screening and follow-up
supports early identification of risk and timely intervention, improving
resilience and quality of life.

Treatment of Malnutrition in Home Haemodialysis

Although many patients undertaking HHD achieve good nutritional
intake, some individuals may continue to struggle to meet their
energy and protein requirements through diet alone. In these
circumstances, oral nutritional supplements may provide a practical
and acceptable adjunct to dietary counselling, particularly where
appetite is poor, dietary restrictions limit food choice, or the demands
of treatment contribute to fatigue or reduced meal preparation.
Their use should be individualised, considering nutritional status,
biochemical parameters, fluid allowance, gastrointestinal tolerance,
and patient preferences. Renal-specific supplements may be
appropriate where control of potassium, phosphate, or fluid intake
is a concern, although standard preparations may also have a role
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depending on clinical need. Oral nutritional supplements should not
replace food-based strategies but may support nutritional adequacy
when dietary intake remains insufficient despite tailored advice.
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Conclusion

Dietary management in HHD should be individualised according
to dialysis prescription, biochemical trends, nutritional status, and
patient circumstances. While increased dialysis frequency or duration
may reduce the need for some dietary restrictions, maintaining
adequate protein and energy intake remains essential to prevent
PEW. Practical support should focus on food-based strategies,
reducing salt and phosphate/potassium additives, if indicated,
and avoiding unnecessary restriction of nutritious foods. Regular
screening for malnutrition, early recognition of changing intake or
weight, and timely referral to renal dietitians are central to supporting
safe, person-centred care and help support quality of life for people
undertaking HHD.

In this chapter, we are pleased to provide further information on the
work of Kidney Care UK's Kidney Kitchen. The work of this charity is
greatly valued by our patients and healthcare professionals in renal
area.

At Kidney Care UK, we receive more questions about how to
eat well to stay well with CKD than almost any other topic.' With
this in mind, Kidney Care UK worked closely with BDA KDSG
to set up Kidney Kitchen in 2018. This initiative provides free
recipes and dietary advice to all those living with CKD in UK.

With over 300 delicious recipes and six recipe magazines,
Kidney Kitchen has something for everyone, from pasta and
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dal to burgers and hotpots. The Kidney Kitchen brings together
professional chefs who understand food and know how to bring
flavours to life with a team of experienced kidney dietitians who
modify recipes to better suit the dietary needs of people with
CKD.

Anyone can enjoy eating our kidney-friendly meals every day
as part of a healthy, balanced diet, safe in the knowledge that
we find inventive ways to flavour each dish without adding salt!
Every one of our Kidney Kitchen recipes is carefully analysed
and approved by the BDA KDSG.

For more information, please scan the below QR Code from the
advert, that will take you to Kidney Kitchen homepage.

Welcome to the Kidney Kitchen

It's all about what you can eat, not what you can't.

For more kidney friendly recipes and
ideas, visit the Kidney Kitchen today!

www.kidneykitchen.org

The Kidney Kitchen is all about healthy, delicious food, that you can
enjoy eating every day, and at every stage of kidney disease.

© 2026 Kidney Care UK. Used with permission.
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Chapter 9

Home Haemodialysis Patient’s Experience

Learning objectives

* To understand the impact of HHD on quality of life and patient's
independence

» To identify the role of Peer Support Groups
+ To recognise the importance of Advocacy

Introduction: First-Hand Story from a Patient

Receiving a diagnosis of CKD is a life-changing event, which
divides life into a before and an after. Like many patients, my
first understanding of dialysis was the uncertainty and fear of the
unknown, with images of hospital rooms, medical appointments, and
dependence on machines and healthcare professionals. The idea of
long hours in dialysis centres is always associated with feelings of
loss not only of time, but also of identity.

When | was told that my kidneys were failing and that dialysis would
soon be part of my life, my immediate reaction was panic. | felt
devastated and completely lost. To be honest, | didn’t want to live
like this. It was not just fear of the treatment itself, but fear of losing
control of my time, my body, and my future. Like many other kidney
patients, | initially assumed dialysis meant something similar to
cancer treatment, adjusting my life around inflexible schedules and
depending on a machine to survive.

HHD entered my life relatively late. At the start of my dialysis journey
no one had told me it was an available treatment choice. Looking back
perhaps the healthcare system was unintentionally disqualifying the
patients before they had the opportunity to choose. It's true that the
thought of managing needles, alarms, and responsibility at home was
very overwhelming and intimidating. As the education and training
progressed, that fear slowly transformed into confidence. What
profoundly changed my perspective was realising that HHD was not
about doing dialysis alone, it was about doing dialysis at home on my
own terms, according to my schedule and my preferences.
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The transition to HHD is not only a choice, it's a journey. Training
required patience, trust in yourself, and trust in your healthcare team.
But the first time | completed a session at home, | felt something |
hadn’t felt since my diagnosis: empowerment. | felt capable of taking
care of myself and sharing responsibility for my treatment. | was no
longer just a patient receiving care, | was an active participant in
my own treatment. HHD helped me restore a sense of control that
kidney disease had taken away.

Impact of home haemodialysis on quality of life and patient’s
independence

One of the most significant benefits of HHD is its impact on quality
of life." Flexibility and frequency are among the most important
advantages, with fewer diet and fluid restrictions, in addition to
improvements in clinical outcomes such as survival and reduced
hospitalisations.? More frequent dialysis sessions mean fewer toxins
in your body, but most importantly, you will feel less thirsty because
you are able to eliminate uraemic toxins almost every day, usually
requiring less medication to control phosphate and potassium. HHD
allows treatment schedules to adapt to the lives of the kidney patients,
rather than forcing life to adapt to the treatments. This flexibility
enables patients to better manage work, family responsibilities, and
social relationships, providing a real sense of independence.

From a physical perspective, more frequent dialysis sessions make
the dialysis less aggressive in terms of fluid removal form your
body, and allows for a huge improvement in recovery time after the
dialysis sessions. Most patients experience better blood pressure
control, less unpleasant symptoms, improved energy levels, and
shorter recovery times.® These clinical benefits translate directly into
everyday well-being, allowing patients to remain active, and giving
them the opportunity to continue their daily activities and participate
more fully in life.

Being able to manage your own treatment reinforces self-esteem
and diminishes the feeling of always having to be at the hospital. In
my opinion, autonomy and rehabilitation, both physical and social,
have been recognised as central advantages of this modality. For
me, this translated into better energy levels, and the ability to take
part more in family life, work, and social activities.
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Independence is not just about doing the treatment by yourself, it's
about dignity. HHD restores a sense of normality in your life. You can
plan treatments, travel when you want with proper preparation, and
make decisions based on your needs rather than healthcare system
rules. This autonomy fundamentally changes how you see your
kidney disease, not as a person who is ill 24/7, but as a person living
with a condition and, despite its challenges, is able to deal with it.

Overcoming challenges

Despite the benefits, HHD is not without challenges. The responsibility
associated with self-caring can initially feel overwhelming. Fear of
making mistakes, concerns about vascular access, being afraid about
needling yourself, and anxiety about managing complications are
common and should never be underestimated. We need to address
these challenges through a better programme design, individualised
assessment, 24/7 support at home (not just technical support), and
the implementation of real shared decision-making.

Another challenge is integrating dialysis sessions into your home
environment. The presence of medical devices can create the
feeling of bringing your kidney disease into the home, just as it is
present in the hospital, acting as a constant reminder, affecting not
only the patient, but also family members or caregivers. Emotional
adaptation, and psychological support are really important during
and after the technical training.*

These fears are real and completely normal. What made the
difference for me was structured training, ongoing clinical support,
and knowing that | was not alone. Technology, while sometimes
frustrating, has also evolved to become more user-friendly and safer,
reinforcing confidence over time. However, some home therapies
today are not truly portable. While the equipment can be moved, it
requires a large quantity of supplies, and the machines remain too
heavy and bulky to be transported as cabin luggage when travelling
abroad by air.

The role of peer support groups and the importance of advocacy

Peer support plays a vital role in the patient experience of HHD.
Peer-to-peer programmes are an enormously powerful tool, which
can help to change the behaviour and habits of newly diagnosed
patients, due to the unique credibility derived from having gone
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through the same process or procedure before. Connecting with other
patients who are already living with HHD provides experiences that
no clinical explanation can replace. Peer conversations normalise
fears, share practical solutions, and reinforce confidence through
shared experience. In my opinion, peer support is one of the most
underestimated and underutilised interventions in HHD.®

Advocacy ensures that patient voices are heard in policy discussions,
helping decision makers to understand the reality of the condition and
care, and to design better models of care.® Chronic conditions should
be managed at home whenever possible, as the home environment
and family support could be therapeutic elements in themselves.
No one is better placed than you to manage your own condition. It
promotes equity, informed choice, and recognition of outcomes that
matter most to patients, such as independence, quality of life, and
life participation. We usually have shared the benefits of HHD from a
clinical perspective; it's time to share with policy makers the benefits
from a social and humanistic perspective. As way of highlighting this
humanistic approach of home therapies, patient-centred advocacy
is essential for the sustainable expansion of HHD programmes
worldwide.

Advocacy is not only about choice, fairness, dignity, and respect.
It is about ensuring that patients are well informed, supported, and
empowered to choose the therapy that best fits their lives. As patients,
caregivers, clinicians, and policymakers, we share a responsibility to
build healthcare systems that value not only clinical outcomes, but
also outcomes that matter most to people living with kidney disease.
It's important to remark that home therapies help to conciliate life
and work, allowing people to maintain their jobs and economic
independence. Moreover, home therapies are climate friendly and
more sustainable, with less need of water, transportation, and human
resources.”

Conclusion

HHD is more than a dialysis technique or treatment modality, it is
a care framework that places the patient at the centre. From the
patients’ perspective, it's a model of care that restores control,
dignity, quality of life and the possibility of living a fulfilling life beyond
the dialysis chair in the hospital.?
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Listening to patient experiences, empowering peer support, and
working together in advocacy efforts are the best ways to shape HHD
programs for our future. When patients are informed, supported,
and empowered, HHD becomes not only a viable option, but a life-
enhancing solution, promoting self-care, independence, quality of
life and sustainability.

References

1.

Finkelstein F.O. et al. At-home short daily hemodialysis improves the long-
term health-related quality of life. Kidney Int. 2012 Sep;82(5):561-9. DOI:
10.1038/ki.2012.168.

Mowatt G., Vale L., MacLeod A. Systematic review of the effectiveness of
home versus hospital or satellite unit hemodialysis for people with end-stage
renal failure. Int J Technol Assess Health Care. 2004 Summer;20(3):258-68.
DOI: 10.1017/s0266462304001060.

Bolton S. et al. Clinical Assessment of Dialysis Recovery Time and Symptom
Burden: Impact of Switching Hemodialysis Therapy Mode. Patient Relat
Outcome Meas. 2021 Nov 4;12:315-321. DOI: 10.2147/PROM.S325016.

Brown D.J. et al. Physical, emotional and social adjustments to home dialysis.
Med J Aust. 1978 Mar 11;1(5):245-7. DOI: 10.5694/j.1326-5377.1978.
tb112515.x.

Golestaneh L. et al. Peer mentorship to improve outcomes in patients on
hemodialysis (PEER-HD): a randomized controlled trial protocol. BMC
Nephrol. 2022 Mar 5;23(1):92. DOI: 10.1186/s12882-022-02701-1.

Watnick S. et al. System-Level Strategies to Improve Home Dialysis: Policy
Levers and Quality Initiatives. Clin JAm Soc Nephrol. 2023 Dec 1;18(12):1616-
1625. DOI: 10.2215/CJN.0000000000000299.

Barraclough K. A. et al. Carbon Emissions From Different Dialysis Modalities:
A Life Cycle Assessment. Am J Kidney Dis. 2025 Oct;86(4):465-474.e1. DOI:
10.1053/j.ajkd.2025.04.019.

Walker RC, Howard K, Morton RL. Home hemodialysis: a comprehensive
review of patient-centered and economic considerations. Clinicoecon
Outcomes Res. 2017 Feb 16;9:149-161. DOI: 10.2147/CEOR.S69340.



A guidebook on home haemodialysis for nephrology
care team

Chapter 10

Establishing a Home Haemodialysis Programme

Learning objectives

» To describe the strategic, workforce, infrastructure and governance
components required to establish an equitable and sustainable HHD
programme

» To outline a practical pathway from modality education and referral
through assessment, training, home installation, independent
treatment, and ongoing support

« To identify safety, quality assurance and outcome measures that
support programme growth while maintaining PCC

Introduction

HHD is not simply haemodialysis moved from a dialysis unit into a
person's house. It is a different model of care that requires service
redesign, clear leadership, reliable infrastructure, and a confident
multidisciplinary team. When established well, HHD can offer people
with kidney failure greater autonomy, flexibility, and involvement in
their own treatment. It may also support more frequent or longer
dialysis schedules, reduce travel burden, and contribute to capacity
within in-centre HD services. There is some evidence supportive
of the hypothesis that a more physiological approach of delivering
dialysis may lead to improvement in several cardiovascular factors.
However, the evidence base remains mixed and subject to selection
bias; programmes should therefore avoid overpromising benefits
and should focus on shared decision-making, individual goals, and
safe delivery."®

International experience shows that access to home dialysis is highly
variable. KDIGO has emphasised that expansion of home dialysis
requires an alignment of policy, funding, organisational structure,
provider accountability, education and support.® In England, the
GIRFT renal medicine report recommended that all suitable people
should be offered home dialysis and that every renal centre should
work towards a minimum 20% home dialysis rate.* The practical
question for nephrology care teams is therefore not whether HHD
is valuable, but how to build a programme that is safe, inclusive,
financially sustainable and resilient.
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This chapter provides a framework for establishing an HHD
programme. It draws on published guidance, recent evidence, and
the experience of the Wessex Kidney Centre in Portsmouth, UK,
which re-established HHD after a decade without provision and
developed it into one of the largest programmes reported in the
EDTNA/ERCA HHD guide.®®

1. Set the programme vision and governance

A successful HHD programme starts with a clear service vision:
every person approaching or receiving dialysis who may benefit
from HHD should receive timely, balanced information and access
to assessment. The vision should be written into the renal service
strategy, linked to the dialysis capacity plan, and owned jointly by
nursing, medical, technical, managerial, and lived-experience
representatives. It should include both growth and quality, because
increasing numbers without sufficient support can lead to treatment
discontinuation, anxiety, and avoidable risk.

Governance should be established before the first person is trained.
The programme should have a named clinical lead nephrologist,
senior nurse lead, operational manager, technical or biomedical lead
and administrative support. A steering group can oversee pathway
design, business case development, risk assessment, SOPs, incident
review, ftraining records, infection prevention, prescribing, water
and electrical safety, and an audit. Where possible, people already
established on HHD and care partners should contribute to the
pathway design, person-facing information, and quality improvement.
This co-production helps ensure that the service addresses real
barriers rather than assumptions made by professionals.

The initial business case should describe expected demand,
current dialysis pressures, capital and revenue costs, staffing,
training facilities, home installation arrangements, supplies, waste
disposal, utility reimbursement where applicable, and technical
support. It should also define escalation plans for clinical or technical
issues, including out-of-hours advice. Early engagement with
commissioners, finance, procurement, estates, infection prevention,
information governance, and community services prevent delays
once the programme begins.
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2. Understand the population and remove avoidable barriers

The first planning task is to understand the local dialysis population.
A simple baseline review should include the number of people
receiving in-centre HD, PD, and conservative kidney management,
people approaching KRT, travel times, vascular access status, frailty
and comorbidity, home circumstances, languages spoken, and
groups underrepresented in home therapies. Data from national and
international renal registries (e.g. the UK Renal Registry and the
ERA Registry), together with local dashboards can help benchmark
the service and monitor equity over time."”

Eligibility should be based on individual assessment rather than
blanket exclusion. Age, diabetes, disability, living alone, catheter
access or distance from the renal centre should prompt a structured
discussion about risk and support rather than automatic refusal.
KDIGO and contemporary vascular access guidance support person-
centred decision-making and the matching of treatment to life goals,
care-partner availability and living environment.®"

Common barriers include limited knowledge of HHD, fear of
emergencies, concerns about space, care-partner burden, lack of
confidence, financial worries, provider assumptions and systems
designed around in-centre dialysis.®'® Programmes should therefore
provide repeated education, peer support, home visits, flexible
training, psychological support where required, and transparent
discussion of costs and practicalities. People should be able to
decline HHD without feeling judged and should be able to revisit the
decision later.

3. Build the multidisciplinary Home Haemodialysis team

HHD requires a named team with protected time. Relying on goodwill
from busy in-centre staff may work for a small pilot, but it rarely
sustains growth. The core team usually includes:

 HHD lead nurse or clinical nurse specialist responsible for
pathway coordination, education, competency assessment,
home visits, ongoing support, and quality assurance.

» Consultant nephrologist or medical lead responsible for clinical
governance, prescribing, eligibility decisions, complications,
and escalation.
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» Technical or biomedical support for water treatment, machine
installation, maintenance, alarms, repairs, and home safety.

* Dialysis assistant or support worker to assist with education,
logistics, stock, home assessments, and data collection.

 Dietitian, pharmacist, psychologist, social worker, VA team,
infection prevention team, and administrative coordinator as
extended members of the pathway.

The Wessex Kidney Centre reported that programme growth became
difficult when the ratio exceeded 20 people on HHD per nurse, and
that a ratio closer to 15:1 was more appropriate when nurses were
also training new people.t® This should not be interpreted as a
universal rule, but it is a useful planning benchmark. Local ratios
should reflect geography, complexity, training throughput, on-call
arrangements, home visits, respite provision, and administrative
support.

The wider renal workforce also needs education. People receiving in-
centre HD often discuss treatment choices with satellite-unit nurses,
healthcare support workers, and junior doctors before meeting the
HHD team. HHD awareness should therefore be included in staff
induction, renal courses, shared-care programmes, VA education
and regular satellite-unit updates. Staff who understand HHD are
more likely to identify suitable people, answer questions honestly
and avoid presenting home therapy as a last resort.

4. Develop the Home Haemodialysis pathway

A written pathway helps teams move from enthusiasm to reliable
delivery. The pathway should be easy to follow and should define
who does what, by when, and how progress is tracked. Figure 1
shows a practical sequence.
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Figure 1. Example HHD programme pathway

Referral routes should include advanced kidney care clinics, in-
centre HD, PD, transplant clinics, inpatient wards, and shared-
care programmes. Every referral should trigger a structured HHD
assessment, not an informal conversation that may be forgotten.
The assessment should cover motivation, learning needs, manual
dexterity, vision, cognition, language, health literacy, vascular
access, haemodynamic stability, infection risk, home environment,
storage, waste, electricity, water, digital connectivity, transport, care-
partner involvement, and safeguarding considerations.

Home assessment should be practical and respectful. The aim is to
identify what support is needed, not to judge the home. Depending
on the dialysis system used, the assessment may include space
for the machine and chair or bed, access to water and drainage,
electricity supply, lighting, hand hygiene, clinical waste storage,
stock deliveries, emergency access and telephone or digital contact.
A written plan should record any adaptations, responsible person,
and target date.

5. Design training for competence and confidence

Training is the heart of the programme. The goal is not simply to
teach a person to press buttons, but to develop competence,
confidence, and judgement. A competency-based curriculum should
include treatment set-up, hand hygiene, infection prevention,
access assessment, cannulation or catheter care, anticoagulation,
observations, fluid management, alarm response, rinse-back,
documentation, emergency actions, stock management, waste
disposal and when to stop treatment and seek help.%?

Training should use adult-learning principles: demonstration,
repetition, supervised practice, teach-back and gradual transfer of
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responsibility. A "hands-off' approach, where the person performs
each task under close supervision from the start, can build confidence
and reveal learning needs early. Written guides, pictorial checklists,
videos, and translated materials should be available. Care partners
require their own training and competency assessment; their
role should be negotiated so that they are supported rather than
unintentionally overburdened.

VA planning is essential. Where a AVF or AVG is used, self-
cannulation training should begin early and, where possible, before
formal HHD training. This allows the person to learn in a familiar
environment and at an appropriate pace. For people using catheters,
training should emphasise aseptic technique, exit-site care, line
security and rapid escalation of infection or flow concerns. Current
VA guidance highlights the importance of shared decision-making
and individualised access planning rather than a single access
hierarchy for all people.

The final stage of training should include supervised treatments in
the home, confirmation that equipment and supplies are in place,
emergency contacts are understood, and the prescription is safe and
achievable. Sign-off should be documented by the HHD team and
agreed with the medical lead. Competence should be reassessed
after any serious incident, long admission, change in cognition or
dexterity, new access, recurrent alarms or request from the person
or care partner.

6. Provide structured ongoing support

A programme is established only when people remain safely
supported after training. The first month at home is particularly
important. A planned contact schedule should include early
telephone or video review, a home visit where required, review of
treatment logs, blood results, access, stock, confidence, and care-
partner wellbeing. Routine follow-up commonly includes a monthly
nursing review, regular blood monitoring and quarterly medical
review, adapted to local policy and individual risk.

Support should be easy to access. People should know who to call
for clinical concerns, technical alarms, supply issues, VA problems,
and non-dialysis emergencies. A single written escalation sheet at
the machine is helpful. Technical support arrangements depend on
the equipment model, but the service must specify response times
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for machine failure and the process for replacement, temporary in-
centre dialysis, or treatment deferral where clinically safe.

Digital tools are an important emerging component. Electronic
treatment records, remote upload of machine data, virtual
appointments and digital portals can reduce travel and enable earlier
intervention, although they should not replace human contact. KDIGO
identified telehealth, remote monitoring, and eHealth interventions
as key areas for home dialysis development.® Digital inclusion
should be considered: people without reliable internet, devices or
confidence using technology should receive alternative support.

7. Embed safety and quality assurance

HHD is widely recognised as a safe and effective dialysis modality
when delivered through structured training, appropriate technology
and ongoing professional support, but the home environment shifts
greater responsibility for treatment and safety to individuals and their
care partners. The person receiving dialysis, and any care partners
become active members of the safety system. The programme must
therefore create a culture where near misses and concerns are
reported without blame and used for improvement.'>'3

A quality assurance framework should include current SOPs, risk
assessments, competency records, water or dialysate quality
processes, infection surveillance, VA monitoring, incident reporting,
emergency drills, annual home reviews, equipment maintenance,
stock checks, and audit of outcomes. High-priority risks include
venous needle dislodgement, bleeding, access infection, catheter-
related bloodstream infection, hypotension, power failure, machine
alarms, water leaks, incorrect dialysate or prescription, medication
errors, and carer strain. Each risk should have prevention, detection,
and escalation controls.

Programmes should monitor both clinical and person-reported
outcomes. Suggested measures include the number of people
educated about HHD, referrals received, assessments completed,
training commencements, and training completions.

Programme efficiency may be monitored through measures such as
time from referral to home start and time from training completion to
independent treatment. Clinical outcomes should include technique
survival, reasons for discontinuation, access events, infection rates,
hospital admissions, treatment adherence, and mortality. Safety
indicators should encompass incidents, near misses, adverse
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events, and safeguarding concerns, helping to drive continuous
improvements. Workforce measures would need to include staff
training completion, competence assessment, and maintenance of
clinical skills.

Person-centred outcomes may include person-reported experience
and outcomes, respite service utilisation, travel avoided, treatment
adherence, care-partner burden, quality of life, and achievement of
treatment goals.

Equity should be monitored across the pathway by age, sex,
ethnicity, deprivation, socioeconomic deprivation, language, disability
and geographical location to ensure fair access, participation and
outcomes for all population groups.

Data should be reviewed at governance meetings and shared with
the multidisciplinary team as well as people with lived experience, to
promote transparency, learning and continuous service improvement.

8. Sustain and grow the programme

Growth is achieved by making HHD visible and normal within the
renal service. Education should be an ongoing process and should
be repeated and reinforced over time. Practical strategies could
include HHD open days, peer-support events, videos of people
dialysing at home, shared-care sessions, satellite-unit champions,
regular feedback to consultants and ward teams, and inclusion
of HHD in advanced kidney care education. Peer support can be
particularly powerful because it addresses fears that professionals
may underestimate, such as isolation, storage, sleep disruption,
body image, travel, and the impact on family life.'

Financial sustainability requires a realistic understanding of both
the initial set-up costs and the long-term value generated by the
programme. Initial costs include staff time, training, equipment,
home adaptations, technical support, and supplies. Longer term
benefits may include reduced demand on in-centre dialysis capacity,
decreased reliance on patient transport services, greater flexibility for
people who work or study, and the potential to avoid or defer costly
capital expansion of dialysis facilities. The programme should work
with finance teams to model local costs rather than relying only on
published estimates, as reimbursement, geography and technology
differ between countries.®*
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Environmental sustainability should also be considered from the
beginning. Home therapy changes the location of water use,
electricity use, deliveries, and waste. Programmes should educate
people about safe segregation of clinical and domestic waste,
recycling where appropriate, stock rotation to prevent stock going
over the expiry date, and reporting leaks or excessive alarms.
Procurement decisions should consider not only clinical suitability
and cost, but also water, energy, packaging, transport, and waste
implications.

Conclusion

Establishing an HHD programme requires more than purchasing
machines or identifying motivated individuals. It requires a whole-
service pathway, visible leadership, trained staff, technical
infrastructure, person-centred education, home assessment,
competency-based training, responsive support, and continuous
quality assurance. The experience of established programmes shows
that growth is possible when HHD is presented as a normal dialysis
option, when barriers are actively addressed, and when people and
care partners are supported beyond the transition to home treatment.
The measure of success is not only how many people start HHD,
but whether they feel safe, informed, respected, and able to live
as well as possible with kidney failure. Table 1 provides a practical
implementation checklist to help centres assess readiness and guide
the development of a new HHD programme.

Named medical, nursing, Terms of reference, steering
Leadership operational and technical group minutes, escalation
leads route

BHRLEN PR 2T Referral form, assessment

Pathway education to home start and
) template, pathway map
review
Workforce Protected HHD team time Staffing model, competency

and training capacity records, training rota
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Training space, equipment, Home assessment checklist,
Infrastructure supplies, waste, and utilities  supplier agreement, waste
process contract

SOPs, risk register, incident
Safety process, and emergency
guidance

Approved SOPs, risk log,
emergency guidance sheet

Clinical and technical
Support contacts, routine review, and
respite plan

Contact sheet, review
schedule, respite access

Outcome dashboard
Quality and person/care-partner
feedback

Audit report, governance
review, improvement plan

Table 1. Implementation checklist for a new HHD programme.

Reflective learning activity

* How would your centre identify every person who should be
offered information about HHD?

» Which single barrier currently limits HHD growth in your service:
workforce, training space, education, technical support,
confidence, or funding?

* What three measures would you include in a monthly HHD
quality dashboard?
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Chapter 11

Ethical and Legal Considerations in Home Haemodialysis

Learning objectives

» To understand key ethical principles underpinning HHD

» To explore the role of informed consent and shared decision-making in
home-based kidney care

+ To analyse ethical dilemmas and legal considerations related to
privacy, data security, and telehealth

Introduction

HHD represents a shift in healthcare delivery from hospital-based
treatment to care provided within the individual’s home. This transition
fundamentally alters the roles and responsibilities of healthcare
professionals, individuals receiving care, and their families."? While
HHD offers increased autonomy, flexibility, and improved quality
of life, it also introduces complex ethical and legal considerations
that must be carefully addressed.®> The move to home-based care
requires individuals to take on a greater degree of responsibility for
their treatment. At the same time, healthcare professionals retain
responsibility for ensuring safe, effective, and equitable care.*
This shared responsibility creates a dynamic interplay between
autonomy, safety, and professional accountability.®> Ethical practice
in HHD is closely linked to the principles of person-centred care,
which emphasise respect for individual values, preferences, and
experiences.® Evidence highlights that involvement in decision-
making, treatment, and management of illness is essential for
successful home dialysis but also requires continuous support from
healthcare professionals.® This chapter explores key ethical and
legal dimensions of HHD, focusing on informed consent and shared
decision-making, ethical dilemmas in home-based care, and issues
related to privacy, data security, and telehealth.®

Informed Consent and Shared Decision-Making

Informed consent is a fundamental ethical and legal principle in
healthcare and is particularly significant in the context of HHD, where
individuals assume an active role in managing their treatment.®
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Traditionally, informed consent has been understood as the provision
of information followed by a patient's agreement to a proposed
intervention. However, in contemporary practice, especially in home-
based care, this understanding is insufficient. Instead, informed
consent should be conceptualised as a dynamic, relational, and
ongoing process that is closely intertwined with shared decision-
making.?

In HHD, informed decision making begins with the individual’s
own life context, including their values, experiences, knowledge,
and motivation. Decisions about dialysis modality are not made in
isolation but are shaped by personal goals, daily life, and social
circumstances.” Individuals must not only understand the clinical
aspects of HHD but also the practical, emotional, and social
implications of integrating dialysis into their everyday lives.” This
includes considerations related to responsibility, lifestyle changes,
involvement of family members, and the potential impact on the
home environment.®

The process of informed and shared decision-making can be
understood through the MIND-IT framework (Figure 1)°, which
illustrates how decisions are shaped through the interaction
between the individual and the healthcare professional. The
model emphasises that informed decision making is not solely
an individual cognitive process but is embedded in a broader
relational and contextual framework. On one side, the individual
brings their personal values, experiences, and preferences; on the
other, the healthcare professional contributes clinical knowledge,
expertise, and evidence-based recommendations.® Between these
perspectives lies the interaction, where understanding is exchanged,
preferences are explored, and decisions are negotiated.”
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Making Informed Decisions Individually and Together (MIND-IT)
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Figure 1. Making Informed Decisions Individually and Together (MIND-IT model
adapted for HHD).

Shared decision making emerges from this interaction as a
collaborative process in which both parties contribute to the final
decision. It involves not only the exchange of information but also
the development of a shared understanding and agreement on the
most appropriate course of action. Importantly, shared decision
making does not imply equal knowledge but rather mutual respect
and recognition of complementary expertise: the individual as an
expert in their own life and the healthcare professional as an expert
in clinical care.”

In the context of HHD, this process is particularly important because
decisions are complex, preference-sensitive, and evolve over
time.® Evidence suggests that the choice of dialysis modality is
not a single event, but an ongoing process influenced by changing
circumstances, experiences, and priorities.>'® Furthermore, recent
research highlights that there may be discrepancies between what
healthcare professionals perceive as important and what individuals
themselves prioritise.® While professionals often emphasise risks,
technical complexity, or concerns about responsibility, individuals
frequently prioritise independence, flexibility, and the ability to
maintain everyday life.® This underscores the ethical importance
of ensuring that decision-making processes genuinely reflect the
individual’'s perspective.
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Family members and caregivers often play an important role in HHD
decision-making, particularly when they participate in supporting
treatment.’”® The MIND-IT model recognises that decision-making
is influenced not only by the individual and healthcare professional
but also by a broader network of people and information, including
family, peers, and social context.® Ethical practice requires that
family involvement supports, rather than overrides, the individual’s
autonomy. Healthcare professionals must therefore navigate these
relational dynamics carefully, ensuring that the individual’s voice
remains central.”

Another key implication of this approach is that informed consent and
shared decision making must be revisited over time. As individuals
gain experience with dialysis, their preferences, confidence, and
circumstances may change.®> Ongoing dialogue, reflection, and
adaptation are therefore essential components of ethical care in HHD.
This process-oriented understanding aligns with person-centred
care principles, which emphasise partnership, responsiveness, and
continuity.®

In summary, informed consent and shared decision-making in HHD
should be understood as interconnected, evolving processes that
are grounded in the interaction between individuals and healthcare
professionals. By adopting a relational and person-centred
approach, nephrology teams can support decisions that are not only
clinically appropriate but also meaningful and sustainable within the
individual’s life context.

Ethical Dilemmas in Home-Based Care

The transition from hospital-based dialysis to HHD introduces
a range of ethical dilemmas that arise from the redistribution of
responsibility, the relocation of care into the home, and the need to
balance autonomy with safety.”? These dilemmas can be understood
through the lens of the four fundamental principles of biomedical
ethics, autonomy, beneficence, non-maleficence, and justice,
which provide a widely accepted framework for ethical decision-
making in healthcare."?

The principle of autonomy emphasises respect for the individual’s
right to make informed decisions about their own care. In HHD,
this includes supporting individuals in choosing and managing
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treatment in a way that aligns with their values, preferences, and
life circumstances.’> Beneficence refers to the obligation to act
in the best interests of the individual by promoting wellbeing and
maximising the potential benefits of treatment. In the context of
HHD, this may include enabling greater flexibility, independence,
and quality of life.’> Non-maleficence often summarised as the duty
to “do no harm” requires healthcare professionals to minimise risks
and prevent harm. In home-based care, this principle is particularly
relevant due to the shift of treatment into a non-clinical environment,
where individuals assume responsibility for complex procedures.?
Finally, the principle of justice concerns fairness and equity in
access to care. In HHD, this includes ensuring that all individuals
have equal opportunity to access home-based treatment, regardless
of socioeconomic status, living conditions, or available support
systems.'?

These principles are not applied in isolation but often interact and, at
times, come into tension with one another. Ethical dilemmas in HHD
therefore arise not from a lack of guiding principles, but from the
complexity of applying them in real-world contexts.

In addition to these foundational principles, contemporary healthcare
practice, particularly in the context of HHD, requires attention to a
set of context-specific ethical considerations that reflect the realities
of care delivered outside traditional clinical environments. These
include relational ethics, privacy and confidentiality, autonomy
in digital care, and equity in access to telehealth.*83

Relational ethics emphasises that decision-making and care
are embedded within relationships between individuals, families,
and healthcare professionals. In HHD, where family members are
often involved in treatment, ethical practice requires sensitivity to
interpersonal dynamics, caregiver burden, and the need to maintain
the individual’s autonomy within a relational context. Privacy and
confidentiality take on additional significance in home-based
and digitally supported care. The home becomes a site of clinical
activity, and personal health data are increasingly shared through
digital platforms. Ethical practice requires safeguarding sensitive
information, ensuring transparency in data use, and maintaining
trust. The concept of autonomy in digital care extends traditional
understandings of autonomy to include the individual’'s ability to
engage with and make informed choices about the use of telehealth
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and remote monitoring technologies. This includes understanding
both the benefits and limitations of digital tools, as well as avoiding
unintended dependency on technology. Finally, equity in telehealth
highlights the risk that digital solutions may exacerbate existing
inequalities in healthcare. Differences in digital literacy, access to
technology, and socioeconomic resources can influence the ability to
benefit from telehealth-supported HHD. Addressing these disparities
is therefore an essential component of ethically responsible care. #8134
Together, these context-specific considerations complement the four
core ethical principles and provide a more comprehensive framework
for understanding ethical challenges in HHD.

A central ethical tension in HHD lies in the balance between
respecting autonomy and ensuring safety.*' Individuals undertaking
HHD are encouraged to take an active role in managing their
treatment, which can promote independence and improve quality
of life. However, healthcare professionals retain a duty of care to
ensure that treatment is delivered safely. This tension may become
particularly evident when individuals make choices that differ from
clinical recommendations, when competence fluctuates over time,
or when adherence to treatment protocols is inconsistent. Ethical
practice therefore requires a nuanced and individualised approach
that supports autonomy while maintaining appropriate safeguards.

The redistribution of responsibility inherent in HHD also raises
ethical considerations related to burden and capacity.2 While home-
based treatment can be empowering, it may also be experienced as
demanding or overwhelming, particularly during the initial stages of
adaptation. Importantly, emerging evidence suggests that healthcare
professionals may overemphasise concerns related to patient
reluctance or burden, whereas individuals themselves often highlight
practical and structural challenges, such as access to support,
communication with the care team, and organisational barriers.®
This discrepancy underscores the importance of grounding ethical
decision-making in the individual's lived experience rather than
professional assumptions.

Another important ethical dimension relates to the home as a site
of care.*" Introducing dialysis into the home environment can blur
the boundaries between personal and clinical spaces. For some
individuals, this integration enhances comfort and flexibility, while for
others it may challenge the perception of the home as a place of
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rest and normality. Respecting the home as a private and meaningful
space therefore requires sensitivity to individual preferences and
efforts to minimise disruption to daily life.

Ethical dilemmas in HHD are also closely linked to issues of equity
and access.*' Not all individuals have the same opportunities to
undertake home dialysis, as factors such as housing conditions,
availability of caregiver support, socioeconomic circumstances,
and healthcare infrastructure can significantly influence eligibility.
Ensuring equitable access requires active efforts to identify and
address these structural barriers, as well as awareness of potential
biases in how treatment options are presented.

These interrelated ethical considerations are summarised in Table
1, which illustrates how core ethical principles and context-specific
considerations intersect with decision-making processes and clinical
practice in HHD. The table highlights the need for ongoing ethical
awareness and person-centred dialogue in navigating complex
situations.
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Table 1. Ethical Considerations, Decision-Making, and Nursing Implications in HHD.

Privacy, Data Security and Telehealth Regulation

The increasing integration of telehealth and digital technologies® into
HHD has introduced new ethical and legal dimensions related to
privacy, data protection, and equitable access to care. While these
technologies offer significant benefits in terms of accessibility, flexibility,
and continuity of care®, they also require careful consideration to
ensure that ethical standards are upheld. Telehealth is now an integral
component of many HHD programmes, supporting remote monitoring,
communication between individuals and healthcare professionals,
symptom reporting, and ongoing education." These developments
have the potential to enhance safety and reduce the need for
hospital visits. However, they also involve the collection, storage,
and transmission of sensitive personal health data, raising important
questions about confidentiality and data security.

Protecting patient data is both an ethical obligation and a legal
requirement. Individuals receiving HHD must be assured that their
information is managed securely and transparently. This includes
clear communication about how data are collected, who has access
to them, and how they are used within the healthcare system. In the
European context, these responsibilities are governed by the GDPR',
which sets strict standards for the protection of personal data.
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Informed consent in the context of telehealth extends beyond traditional
clinical consent. Individuals must understand not only the clinical
aspects of their treatment but also the implications of using digital
technologies. This includes awareness of potential risks, such as data
breaches or limitations in remote monitoring, as well as the benefits
associated with increased accessibility and support.’ Consent should
therefore be viewed as an ongoing process that evolves alongside the
use of digital tools.

The use of telehealth also raises questions related to autonomy and
dependency. While digital solutions can support independence by
enabling individuals to manage their treatment at home, they may also
create new forms of reliance on technology. Ensuring that technology
enhances rather than replaces human interaction is an important
ethical consideration, particularly in maintaining trust and therapeutic
relationships.

Finally, issues of equity in digital access must be addressed. Not all
individuals have equal access to digital tools or the skills required to
use them effectively. Factors such as digital literacy, socioeconomic
status, and access to reliable technology can create disparities in
care. Healthcare professionals have a responsibility to recognise
these challenges and ensure that alternative forms of support are
available when needed.

As illustrated in Table 1, ethical considerations related to privacy,
data security, and telehealth are closely interconnected with broader
principles of autonomy, justice, and person-centred care. Addressing
these issues requires not only adherence to legal frameworks but
also a commitment to supporting individuals in a way that is inclusive,
transparent, and responsive to their needs.

Conclusion

Ethical and legal considerations are integral to the delivery of HHD.
The shift to home-based care requires careful balancing of autonomy,
safety, and responsibility, as well as attention to privacy and equity.
Informed consent and shared decision-making must be understood as
ongoing, relational processes that centre the individual’s perspective.
Ethical dilemmas arising from home-based care require flexible and
reflective approaches that acknowledge the complexity of real-world
contexts. By adopting a person-centred, ethically grounded approach,
nephrology teams can support individuals in managing dialysis at
home while ensuring that care remains safe, respectful, and equitable.
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Chapter 12

Emerging Trends and the Future of Home Haemodialysis

Learning objectives

» To describe the engineering advances driving the miniaturisation of HD
technology

» To explain the role of artificial intelligence and machine learning models
in HHD and its current limitations

* To compare reimbursement policies influencing HHD uptake in the
USA and in Europe

» To assess methods for evaluating patient and caregiver experience in
HHD

» To identify the evolving workforce and training needs for the safe
expansion of HHD

» To integrate technological, analytical, financial, patient-centred, and
professional perspectives shaping the future of HHD

Introduction

For more than half a century, HHD has occupied a paradoxical
position in the landscape of renal replacement therapy: clinically
compelling, yet persistently underused. Merrill and Scribner began
treating patients with HD machines outside the hospital walls in
Boston and Seattle, respectively, in 1965, and by the 1970s nearly
a third of all patients on dialysis in the USA were treated at home."
Nevertheless, HHD has not evolved into the default modality that this
early trend might have suggested, either in the USA, or in Europe.?

In this chapter, we address how the barriers to HHD implementation
are being challenged from several directions at once. Smaller
dialysis machines, sorbent-based dialysate regeneration, and novel
adsorptive membranes are key advances, ® and dialysis equipment
can now travel with the patient.*® Telemedicine is also a reality. Every
minute of blood flow rate, arterial and venous pressure, and UF
volume can now be logged,® and machine learning models trained
on hundreds of thousands of sessions are beginning to predict
complications such as intradialytic hypotension before they occur.”®
Payment systems are also beginning to reward home modalities
rather than merely permit them.® And last but not least, patients
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are being asked what they think of their care, through validated
instruments specifically designed for home dialysis populations.
Meanwhile, the professional responsibilities of nurses, technicians,
and nephrologists are being redefined as moves from the dialysis
unit to the patient’s home, whether a spare room, a kitchen table, or
even a suitcase.

Advances in Wearable and Portable Dialysis Technologies

For nearly two decades, the roadmap published by the Kidney
Health Initiative has described an innovation pathway running
from portable devices, through wearable ones, towards eventual
implantable artificial kidneys, and recent commercial entrants have
begun to shorten the distance between that vision and clinical
reality. NextKidney has entered first-in-human trials of a portable
HD machine designed for home use and for travel, small enough
to fit airline carry-on dimensions, achieving this by regenerating a
small volume of dialysate through sorbent cartridges in a closed
loop instead of relying on the more than 150 litres of fresh dialysate
required for a conventional four-hour session. Medtronic is developing
a comparable transportable, sorbent-based HHD machine.* Neither
device is a true wearable in the sense that it is worn on the body
during treatment. However, both devices are based on the same
engineering concept: that the challenge of miniaturisation lies not
in smaller pumps or screens, but in the much more difficult task of
regenerating dialysate in a small, closed space.

The conceptual ancestor of nearly every modern wearable dialysis
effort is the REDY sorbent system developed in the 1970s, which
demonstrated that spent dialysate could be purified and recirculated
rather than discarded after a single pass.® The contemporary heir to
that idea is the Wearable Artificial Kidney, whose most cited clinical
evidence remains a USA FDA-approved human trial led by Gura
and colleagues, in which a miniaturized, sorbent-based HD device
worn by patients achieved effective clearance of uremic solutes
while maintaining electrolyte and fluid homeostasis over 24 hours."
However, more than a decade after that trial, no wearable artificial
kidney has yet reached routine clinical use, even as the underlying
science has continued to mature.

Much of that subsequent maturation has happened not in clinical
trials but in materials science. A comprehensive review by Loureiro
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Ramada and colleagues frames the central engineering challenge:
continuous regeneration of a small dialysate volume is the bottleneck
on which portable, wearable, and implantable systems alike depend.
Sorbent-based recycling remains the approach with the greatest
near-term potential, while novel polymeric and inorganic membranes
are simultaneously being developed to improve uremic toxin removal
with less membrane fouling." A parallel and more recent review by
Professor Wieringa and colleagues broadens this picture further,
surveying chip-based nanoporous membranes and even solar-
powered local dialysate preparation as additional pathways towards
greater mobility, while explicitly invoking the "African mobile phone
revolution" as a model for how technology-based KRT might leapfrog
the infrastructural constraints that have limited dialysis access in
much of the world.®

The underlying chemistry has its own dedicated literature. Fabiani
and colleagues, from the University of Edinburgh, have produced
a detailed comparative analysis of sorbent materials, ranking
nanoporous adsorbents, polymers, and mixed-matrix membranes by
their capacity to remove typical uremic toxins from dialysate while
remaining stable, recyclable, and safe for repeated use, and paired
that experimental work with computational modelling intended to
screen candidate materials before they are synthesized. A related
review from the same broad research effort frames the stakes in
blunt practical terms: current HHD devices remain analogous to
hospital machines, bulky, water-intensive, and demanding of costly
home renovation, precisely because miniaturisation depends on
reducing water consumption, which in turn depends on a dialysate
regeneration unit able to purify and recirculate spent fluid.' Not every
approach to that problem relies on sorbents. Earlier preclinical work
explored electro-oxidation, the direct electrochemical breakdown
of urea, as an alternative regeneration strategy, testing a miniature
dialysis device built around graphite electrodes and ion-exchange
beads in an awake-goat model, a reminder that the field has pursued
more than one chemical route towards the same destination of a
small, closed, reusable dialysate loop.'®
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Table 1 - Landscape of portable and wearable HD technologies.

We cannot forget, however, that the distance between a promising
engineering concept and a device a patient can safely wear remains
considerable. The same European Commission-funded project that
helped to seed this research area nearly two decades ago, the ICT-
enabled Wearable Artificial Kidney and Personal Renal Care System,
was formally archived in 2024 without having produced a marketed
device.'® While the 2016 Gura trial confronted basic physiological
feasibility, the current concerns relate to reliability, manufacturability,
and cost, which ultimately determine whether a working prototype
becomes a product a health system can actually deploy.

Artificial Intelligence and Data Analytics in Home Haemodialysis

Every HD session, whether delivered in a clinic or at home, now
produces an amount of physiological data that no human clinician
could review in real time even if they wished to. Modern machines log
arterial and venous line pressure, blood and dialysate flow rates, UF
volume, and temperature on a minute-by-minute basis and increasingly
capture beat-to-beat haemodynamic and respiratory signals as well, a
volume and granularity of data that did not exist a decade ago.®
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All this data help predict intradialytic hypotension, a complication
that remains common, often dangerous, and stubbornly resistant
to the preventive measures nephrology has relied on for decades.!”
Lee and colleagues offered an early and influential demonstration
that deep learning could meaningfully outperform conventional
statistical approaches here, training a recurrent neural network
on more than 1.6 million timestamped measurements drawn
from 261,647 HD sessions to generate a real-time, continuously
updated estimate of hypotension risk within the coming hour."®
The scale of that undertaking has since become something closer
to a norm than an exception. A more recent study by Wang and
colleagues built and externally validated machine learning models
for intradialytic hypotension prediction using 26,690 sessions for
training and a further 12,293 sessions drawn from a separate cohort
for validation, explicitly testing the models against several different
clinical definitions of hypotension to ensure the findings were not an
artefact of how the outcome happened to be defined.’ A systematic
review by Chaudhry and colleagues, surveying the field as a whole
through April 2024, identified five eligible studies employing a striking
diversity of algorithmic approaches, neural networks, decision trees,
support vector machines, random forests, XGBoost, and LightGBM
among them, suggesting a field still exploring which architecture
best fits the problem rather than one that has converged on a single
standard approach."”

What distinguishes the more recent wave of this research from its
predecessors is a growing concern with whether these models can
actually be deployed at the bedside, not merely published. One
study developed and evaluated what its authors describe as an Al
dashboard, a tool that displays, for every patient in an HD unit, a
continuously updated probability of intradialytic hypotension derived
from risk factors carried over from previous sessions as well as the
current one, comparing eight distinct machine learning algorithms in
the process of selecting which to deploy.?® A separate methodological
contribution addressed a different practical obstacle, namely patient
privacy, by demonstrating that a deep learning model trained on de-
identified, retrospective data from two separate centres could predict
intradialytic hypotension without requiring the kind of identifiable,
continuously linked patient records that often complicate multi-site
research and deployment.?!
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However, modern Al-integrated tools can address much more
than hypotension. Figure 1 represents the whole landscape of Al
assistance options, from detection to clinical action, and the barriers
to their routine clinical adoption. A broad narrative review of Al and
machine learning applications in dialysis describes a landscape that
now spans natural language processing of electronic health records
to identify symptom burden more accurately than billing codes alone,
deep learning models that classify arteriovenous access aneurysms
from imaging, and machine learning systems that flag patients on
HD at elevated risk of hospitalization or death.?? A related strand
of research has begun to describe Al-enabled clinical decision
support systems capable of recommending individualised doses of
erythropoiesis-stimulating agents based on each patient's predicted
response, drawing on multimodal inputs that include continuous
dialysis monitoring data, laboratory values, imaging, and even
genetic testing results.?®> Other applications target subtler clinical
judgements. One body of work has applied machine learning to the
long-standing challenge of estimating dry weight, the fluid status
target around which ultrafiltration prescriptions are built. The results
here counsel some caution: one comparative study found that three
different machine learning methods achieved prediction accuracy
below 40% for clinically defined overhydration status, a reminder that
the mere availability of a sophisticated algorithm does not guarantee
it outperforms simpler clinical judgment on every task.?

Al and Data Analytics Pipeline in Home Haemodialysis
From raw session data to clinical action
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Figure 1 - Pipeline from raw HHD session data through pre-processing, machine
learning prediction, and clinical alerting to action, with a feedback loop for continuous
model refinement. Dashed boxes indicate current barriers to routine clinical adoption.
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An earlier and influential review of artificial intelligence in dialysis,
synthesising a 2018 expert meeting at the Hospital Universitari
Bellvitge in Barcelona, Spain, anticipated much of this trajectory,
concluding that the central barrier to clinical adoption was not
the predictive accuracy of the algorithms themselves but the
interpretability of their outputs: the gap between a model that flags
elevated risk and a clinician or patient at home who understands why
and what to do about it.2® That gap, more than any remaining limitation
in raw predictive power, is what now separates the considerable
promise of Al-enabled HHD from its routine clinical reality.

Policy and Reimbursement Updates Supporting Home
Haemodialysis Expansion

No engineering advance and no predictive algorithm reaches a
patient's home unless the financial architecture surrounding dialysis
care makes it possible, and often profitable, for a provider to put
it there. This is the uncomfortable premise underlying nearly every
policy analysis of HHD utilisation, and it is worth stating plainly
before reviewing the specific mechanisms involved: reimbursement
policy is not a peripheral administrative detail to this chapter's other
four themes; it is frequently the deciding variable in whether they
reach patients at all.*!

In USA, the starting point for understanding this dynamic is
the bundled payment structure introduced under the Medicare
Prospective Payment System, which reimburses dialysis facilities
the same base rate regardless of whether a treatment is delivered
in-centre, through HHD, or through PD. A comprehensive review
has argued that it functions as a structural disincentive since the
fixed costs of training a patient for home therapy, intensive nursing
time, equipment provisioning, and weeks of education are absorbed
by the facility without a corresponding increase in payment, while
a long-standing underutilisation of the separate Kidney Disease
Education benefit has compounded the problem by leaving many
patients unaware that home modalities are even an option.2

Policy has begun to respond, though unevenly and over a long
horizon. The ESRD treatment Choices Model, finalised by the
Centres for Medicare & Medicaid Services, mandatorily enrols
outpatient dialysis facilities, nephrology practices, and fee-for-
service Medicare patients across roughly 30 per cent of the country,
and operates through a deliberate structure of payment bonuses and
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penalties designed specifically to increase the use of home dialysis
and access to kidney transplantation.*> The most recent annual
update to this architecture, the calendar year 2025 ESRD Prospective
Payment System Final Rule, extends Medicare payment for dialysis
delivered in the home setting to beneficiaries with AKI, a population
previously excluded from home-based reimbursement entirely,
while also revising the case-mix adjustments and quality incentive
metrics that determine how facilities are scored and paid. The full
regulatory text published in the Federal Register adds a further, more
contested layer: beginning with payment year 2027, several social-
determinants-of-health reporting measures are being removed from
the ESRD Quality Incentive Program, even as the in-centre patient
experience survey instrument is simultaneously being updated for
2028, changes that illustrate how the metrics used to hold dialysis
providers accountable are themselves a live policy battleground, not
a fixed backdrop.® Read together, this sequence of rules describes a
payment system still in the process of being re-engineered, towards
the home setting that it has nominally favoured for over a decade
without fully funding it.

Europe's experience complicates any assumption that this is simply
a matter of catching up to a more advanced American model. A wide-
ranging review of home dialysis uptake across the continent found
that despite near-universal healthcare coverage, use of HHD remains
both low and sharply uneven, highest in Scandinavian countries and
lowest across Eastern and Central Europe. Authors trace this pattern
less to clinical contraindication than to the same reimbursement
logic operating in USA: nephrologist and facility payment in many
European systems remains structurally tied to in-centre treatment
volume, and a substantial proportion of dialysis units in countries
including ltaly, France, and Germany operate as private commercial
enterprises with limited financial incentive to shift patients towards
a modality that reduces facility-based revenue.?® The response has
been organisational as much as regulatory. In November 2023,
a multidisciplinary policy forum convened at EuroPD meeting
in Bruges, bringing together the principal stakeholder groups to
confront this inequity directly. The resulting international consensus
statement identified financial disincentives, insufficient weight given
to patient preference, and gaps in workforce training as the dominant
and, crucially, largely modifiable barriers to expanding home dialysis
access across European health systems.?”



European Dialysis and Transplant Nurses Association/European Renal Care Association
Joana Fontes

UK offers a more granular illustration of how reimbursement design
can be deliberately calibrated to support home therapy rather than
merely permit it. NHS England has established a national tariff
structure for HHD that explicitly reimburses the costs that many
other systems leave to the patient: home adaptation, electricity,
water, sewage, and the costs associated with remote monitoring
equipment, with eligibility assessed through a multidisciplinary visit
from the renal team to the patient's home. Whether the underlying
tariff itself is set at a level sufficient to expand access remains an
open empirical question. Markov modelling analysis commissioned
from the NHS payer perspective projects the five-year budget impact
of increasing the proportion of patients on home-based dialysis under
both the current reimbursement tariff and a hypothetical increased
tariff of £575 per week for HHD. This data supports the idea that a
more generous payment rate could expand home dialysis access
while remaining fiscally sustainable for the public payer.2

Taken together, the American and European evidence converges
on a single, somewhat unglamorous conclusion: the technologies
and algorithms described in the two preceding sections of this
chapter do not fail or succeed on their engineering merits alone.
They fail or succeed according to whether the entity bearing the
upfront cost of training a patient and provisioning a home, typically
the dialysis facility or health system rather than the patient, is paid in
a way that makes doing so financially rational. Every policy reform
reviewed in this section, the ESRD Treatment Choices Model, the
AKI home dialysis payment extension, the EuroPD consensus
recommendations, the NHS utility tariff, represents a different
jurisdiction's attempt to solve precisely that alignment problem, with
no single one of them yet fully solved.

Integrating Patient Feedback into Care Models

For decades, patient-reported insights were incorporated into
dialysis clinical records predominantly through indirect means, if at
all, refracted through laboratory values, hospitalization counts, and
survival curves rather than asked for directly. That asymmetry has
begun to close, and HHD has become an unlikely proving ground for
the methodological work required to close it properly, because the
experience of dialysing at home, alone or with a care partner, raises
questions that in-centre instruments were never built to capture.
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The clearest evidence of this gap, and of the effort to fill it, comes
from the development of dedicated patient-reported experience
measures for home dialysis populations. Until relatively recently,
no such instrument existed: validated tools for assessing patient
experience were available for in-centre HD, but nothing comparable
had been built for PD or HHD specifically.?® A structured, mixed-
methods process combined a formal literature review with concept
elicitation focus groups and interviews across 65 participants: twenty-
one home dialysis patients, thirty-three home dialysis nurses, three
patient care partners, and eight nephrologists, before a national
prioritisation exercise narrowed an initial pool of candidate items into
a workable measure.? The resulting instrument, once built, was then
put through the same psychometric scrutiny any clinical tool would
require: a subsequent validation study enrolled 495 eligible patients,
including a Spanish-language cohort large enough to assess cross-
linguistic performance, and confirmed a twelve-item composite
scale, covering quality of home dialysis care and operations, with
strong internal consistency and test-retest reliability sturdy enough to
support its use in routine quality measurement rather than research
alone.™®

A systematic review synthesising twenty-four qualitative studies,
encompassing 221 patients and 121 caregivers, identified a set of
themes that sit in some tension with one another: a vulnerability
specific to dialysing independently, including fear of self-cannulation
and of being unqualified to manage a catastrophic complication alone,
runs alongside a fear of social isolation and medical disconnection
from the care team, and both coexist with what the review's authors
term an opportunity to thrive, a re-establishment of identity, autonomy,
and even strengthened family relationships that many patients and
caregivers described as the most meaningful consequence of moving
treatment into the home.* This is not a contradiction so much as
an accurate description of a treatment modality that simultaneously
demands more from patients and gives more back to them, and it
is precisely the kind of nuance a mortality curve cannot register. A
recent study carried out in Spain shows, however, that patients on
HHD reported the best physical functioning, resembling controls and
transplant patients in fatigue symptoms. This group also gave the
best rating on healthcare received.®'

An earlier, related effort pursued a narrower but conceptually
important goal: a remote monitoring system explicitly engineered
to enhance patients' perceived co-presence with their care team,
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incorporating digital logbooks and emotion-sharing tools. A field test
of the system found that logbook entries recording negative emotions
occurred at a meaningfully higher rate than might otherwise have
been visible to clinicians, evidence that emotional and not merely
physiological monitoring carries clinical information of its own.3?

Institutional recognition of patient-reported outcomes has followed
a similar arc from advocacy to mandate. The Centres for Medicare
& Medicaid Services has required routine measurement of quality
of life using KDQOL-36™ instrument for patients on HD, and a
parallel initiative, the Renal Network's Patient Representative
Program, now asks dialysis units to identify a patient representative
specifically tasked with surfacing opportunities to improve patient-
centred care from within the patient population itself, a structural
acknowledgement that patient feedback is more reliably captured
through a standing role than through periodic survey administration
alone.®** Another Spanish cooperative trial will elucidate whether
expanded HD with medium cut off membranes could improve patient-
reported outcomes.**

Professional Responsibilities and Accountability

Every advance described in this chapter — the miniaturised device,
the predictive algorithm, the reimbursement code, and the validated
experience survey — ultimately reaches a patient through the hands
and judgment of a clinician, and HHD places a particular strain on
that final link in the chain. The dialysis unit, in this modality, has
no fixed walls, no charge nurse and no guarantee that the person
responsible for recognising a problem will be a trained professional at
all. That displacement does not eliminate professional accountability;
it redistributes it, often without redesigning the training, certification,
and legal frameworks that were built for a different setting.

Training is the most visible point of strain, and the evidence
suggests it has not kept pace with the modality's ambitions. A
quality improvement study conducted through a structured review
of training literature found that successful HHD programmes shared
a recognisable set of features: frequent training sessions; early
initiation of self-cannulation rather than deferring it to the end of
preparation; a permanent and consistent team of training nurses
rather than rotating staff; and individually tailored weekly schedules
rather than a single fixed curriculum." The same project’s focus group
work, conducted in collaboration with nurses from Helsinki University
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Hospital, where patients are trained for HHD within six weeks, found
that consistency of trainer and clarity of instruction mattered as much
to successful outcomes as the technical content of the curriculum
itself. This finding sits somewhat uncomfortably alongside evidence
from the physician side of training. A survey of nephrology program
directors and fellows across USA found that HHD education remains
structurally underdeveloped at the very moment the Accreditation
Council for Graduate Medical Education has begun requiring
nephrology fellows to demonstrate competence in HHD specifically, a
regulatory mandate that many programs reported being ill-equipped
to meet because of a shortage of faculty expertise and a lack of
dedicated training material.®® Competence built poorly does not
stay confined to the training period. A separate observational study
linking nurses' competence directly to clinical performance found
that nursing attitude and skill in HD care correlated significantly with
whether patients achieved adequate dialysis, a finding that converts
what might otherwise sound like an administrative training gap into a
measurable difference in treatment adequacy.

The lived experience of delivering this care, as distinct from the
formal requirements of training for it, has its own documented
texture. A qualitative study built around in-depth, semi-structured
interviews with HD nurses reported according to COREQ checklist
for rigour, the overcoming of care barriers explicitly as a professional
responsibility belonging to trained HD nurses, and the nurses
themselves, in describing how they managed that responsibility,
returned repeatedly to the necessity of teamwork as the mechanism
that made safe, holistic care possible under the pressures of the
role.®® That emphasis on teamwork is not incidental; it reflects how
accountability in HD care has always been distributed across a
formally structured team rather than resting on any single individual,
with each role's scope defined in relation to the others.

This concentration of responsibility carries a workforce cost that
the literature has only recently begun to quantify directly. A national
survey of dialysis patient care technicians in USA, documented
levels of professional burnout and turnover intention substantial
enough to raise concerns about the sustainability of the broader HD
workforce.®” A related ecological study examining staffing patterns
across HD facilities nationally adds a structural dimension to that
concern, suggesting that the capacity of a given facility to expand
HHD training is itself constrained by how adequately that facility
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is staffed in the first place, a constraint that operates upstream of
any individual clinician's competence or commitment.®® Underlying
all of this sits a foundational governance structure that predates
the recent expansion of home modalities but still defines it: every
dialysis facility is required to maintain a medical director personally
responsible for the integrity of its water treatment system and for its
quality assessment and performance improvement programme, and
a registered nurse meeting all relevant state practice requirements
must be present whenever in-centre patients are being treated, a
requirement that has no precise equivalent for the home setting
and whose absence is, in a sense, the entire regulatory puzzle this
section has been describing.

Read together, these threads suggest that professional accountability
in HHD has not been weakened by the modality's move out of the
clinic; it has been made more diffuse, more dependent on training
infrastructure that remains uneven, and more reliant on a workforce
showing measurable signs of strain. No wearable device, predictive
algorithm, or favourable reimbursement rule changes that underlying
reality.

Conclusion

Taken together, the five trends examined in this chapter, miniaturised
dialysis technology, predictive analytics, reimbursement reform,
patient-centred  measurement, and evolving professional
accountability, point to the same underlying conclusion: HHD is no
longer constrained primarily by what is technically possible but by
how well these converging capabilities are integrated into a single,
coherent system of care. A smaller device is only as useful as
the training program that teaches a patient to trust it; a predictive
algorithm is only as valuable as the clinician equipped to interpret
its alert; and a more generous reimbursement rate only expands
access if the workforce delivering that care is adequately staffed and
supported. The evidence reviewed across USA and Europe suggests
that no single jurisdiction has yet solved this integration problem
completely, but each has identified, in its policy and clinical literature,
the specific piece it is still missing. The future of HHD will therefore
be determined less by any singular technological breakthrough than
by the deliberate, coordinated work of aligning engineering, data,
financing, patient voice, and workforce capacity around the same
patient at the same time.
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Chapter 13

The Green Side of Home Haemodialysis

Learning objectives

+ To recognise the potential of greener HD approaches, including
the transition from single-pass systems to closed-loop dialysate
regeneration

» To apply the available tools to benchmark the ecological footprint of HD

+ To analyse the environmental impact of single-pass HD, including
water and energy consumption, waste generation, and patient travel

+ To apply strategies that can reduce the environmental footprint of
existing Single-Pass HD

» To promote HHD as a greener dialysis option

» To recognise that replacing single-pass HD with closed-loop dialysate
regeneration can markedly reduce water and energy use

» Torecognise implantable HD systems as a potential strategy to reduce

the environmental impact of dialysis by eliminating the extracorporeal
blood circuit and simplifying home and nocturnal dialysis

Introduction

Kidney diseases and the environment (both regarding pollution and
global warming) have a bidirectional relationship: Pollution and global
warming aggravate kidney diseases, whereas dialysis is among the
most resource-intensive areas of healthcare.! This holds both for PD
as for HD, although HD is more resource-intensive than PD. This
chapter will furthermore focus on HD.

One HD session delivered using a typical in-centre machine
consumes in the range of 370-600 L of drinkable water and 5-15
kKWh of electricity (with the most optimal settings listed first and
typical conventional settings listed last).23# Although Xie et al recently
published a lower median electricity consumption of 2.45 — 3.30 kWh
per treatment across four different HD machine-types (including
disinfection cycles), they only measured the power consumed
by the individual HD machines, and did not account for the water
purification system (which contributes significantly to total energy per
treatment).®
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Overall, these data underscore the substantial environmental impact
of HD, as reflected in population-level estimates. A German study
found that chronic HD increases a person’s ecological footprint by
approximately 50% compared with the average population.® At a
broader scale, 1 year of HD treatments performed across Europe
equals the energy consumption and greenhouse gas emissions
of 2.5 million combustion-engine car return trips from Brussels to
Istanbul. In parallel, the volume of consumed drinkable water equals
10,000 Olympic swimming pools, while the produced volume of
plastic waste could fill 18,000 heavy goods vehicles.”

Beyond ecological concerns, haemodialysis also entails direct
patient exposure to micro- and nanoplastics. In addition to plastic
waste entering the environment and subsequently contaminating
water and food, patients are also directly exposed to plastic particles
through the extracorporeal circuit, where they may directly enter
the bloodstream. In particular, roller pumps generate microscopic
plastic particles due to continuous friction between the tubing walls,
a process known as spallation.®

Given the above considerations, it is both economically and
medically sound to promote best dialysis practices that minimise
the consumption of water, energy, plastics, and packaging
materials as well as reduce transportation. However, to enable
objective comparisons between different practices the ecological
footprint must be measured in a standardized manner, thereby
avoiding inappropriate comparisons. To that end, the International
Standardization Organization (ISO) published the standards ISO
14040 and ISO 14044.5'° Moreover, a recent publication employed a
webtool to enable standardized carbon footprint assessments across
different centres, regions, and time periods.®

How can we reduce the ecological footprint of Haemodialysis
without compromising treatment quality?

Prevention

Prevention is a highly effective strategy:"

« Each mL/min/1,73m? reduction in the rate of GFR-decline per
patient-year is estimated to save an amount of CO2 equivalent
to the yearly emissions of two average individuals.

* Slowing CKD progression by 2-3 ml/min/1,73m? GFR per
year can delay the need for HD by approximately 10 years
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(assuming a 30-year CKD illness trajectory). In particular, a
360° comprehensive approach to kidney disease, combining all
available lifestyle modifications and pharmaceutical therapies,
may not only slow progression (with GFR declines of 1.5 to 2
mL/min per year as a desirable target) but possibly (in some
cases) even achieve disease regression or cure, thereby
avoiding dialysis altogether.?

« Kidney transplantation also offers substantial potential to
reduce carbon footprint.

Water and Electricity strongly intertwined drive the ecological
footprint

Water and electricity are important consumables for HD and are
closely interconnected.

Producing 1 litre of dialysate requires approximately 2.5-3 litres
of high- quality tap water and a lot of energy for the purification
process, particularly when considering reverse osmosis, which is
the most widely used water purification technology. Before reaching
the patient, the dialysate must be warmed up to body temperature.
Subsequently, commonly used HD machines typically discard the
dialysate into the sewer after it has passed through the dialyzer,
in accordance with the “single-pass” principle (Fig 1). Placing an
active or passive heat exchanger unit between the spent dialysate
and incoming dialysate can recover up to two-thirds of the thermal
energy, although without reducing water consumption.

heat

loss water & heat

\\ blood pump lost down

\ 3 the drain
)| heat  spentdialysate water
dialyzer, loss \ line
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Fig 1: Simplified diagram of a single-pass haemodialysis system (without a heat-
exchanger).
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The largest component for the electric power consumption of a
haemodialysis machine is the energy required to heat the dialysate to
body temperature. Logically, the more water/dialysate is consumed,
the more energy is needed to warm it to the set temperature. Quite a
significant amount of energy can be saved by using a heat-exchanger
(or more recently, and more effectively, a heat pump) between the
incoming fresh dialysate and the spent dialysate on its’ way to the
drain.

To reduce the total volume of spent dialysate and water, the optimal
dialysate flow rate required to achieve sufficient solute clearance
needs to be determined. Currently used dialysate flow rates of
500 to 800 mL/min largely reflect historical practice from the early
days of haemodialysis. A meaningful reduction to 300-400 mL/min,
tailored to individual patient needs and treatment goals, may be
feasible and may yield about 10% water and energy savings without
compromising clinical outcomes.

In addition to the haemodialysis machine, another major energy
consumer is the water purification system. Its energy consumption
depends on the required flow (or batch volume), the temperature of
the incoming raw water, and its baseline purity. All these parameters
typically vary over time; however, many water purification systems
operate with fixed settings based on worst-case scenarios (i.e.
maximum dialysate production at the lowest acceptable incoming
water quality). As a result, reverse osmosis reject water is often
discharged in greater volumes than necessary. While this approach
ensures safety, more advanced water purification systems equipped
with reliable well-placed measurement sensors and control algorithms
to react upon such changes, can achieve significant savings without
compromising treatment safety.

Additionally, energy consumption is further increased by lighting and
heating of the treatment room, as haemodialysis patients typically
desire relatively warm ambient temperatures during treatment.

Real-world studies in German Haemodialysis centres have shown
that placing solar panels on available roof surfaces could reduce the
consumption of electricity from the grid by about 10-20%." In sunnier
countries this percentage will even be accordingly higher.

In April 2025, KDIGO held a Controversies Conference about
“Green Dialysis: Environmentally Sustainable Care, Growth, and
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Innovation”. Stakeholders from diverse backgrounds like physicians,
nurses, engineers, dieticians and patients, examined how existing
haemodialysis (both in-centre and home-based) and PD practices
might be optimized, and identified opportunities for green innovations
in dialysis care."

Building exterior Dialysis-specific (not shown) Building interior Surroundings

(1) Solar panels (onsite renewable energy) Central acid delivery @ Energy-efficient lighting, heating, @ Environmentally-friendly
(2) Windows with glazing optimized to climate  Water and power usage monitoring cooling, and appliances transportation

(3) Rainwater capture and reuse Reverse osmaosis reject water recycling Water-saving taps and toilets Green space to create
(4) Insulation and ecofriendly building materials  Heat exchangers and heat recovery positive patient experience

Onsite waste processing machine and for cooling

Fig 2: Features of good building design for HD clinics. The figure shows aspects of green
building design that should be considered when designing and building a HD clinic.
© 2026 Kidney Disease: Improving Global Outcomes (KDIGO). Published by Elsevier
Inc. on behalf of the International Society of Nephrology. Used with permission by
KDIGO. https://www.kidney-international.org/article/S0085-2538(26)00079-7/fulltext™

Patient transportation: In-centre HD versus HHD

In in-centre HD, patient transportation can contribute significantly to the
carbon footprint per treatment, accounting for approximately 20-30%
in Germany™ and up to 55% in lItaly.* Logically, this contribution is
largely influenced by travel distance.

Home HD, especially for patients living far from dialysis clinics,
therefore has a large potential for eco footprint reduction. However,
this advantage may be diminished if for each treatment an assisting
nurse is required to travel to the patient's home. In contrast, HHD
performed through self-cannulation (or with support from a household
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member) can significantly reduce the ecological footprint, especially
when the provider coordinates delivery of new supplies with the
collection of used materials that can be centrally recycled.

HHD is often performed using HD machines originally designed
for in-centre use, which may require modifications to the home
environment, including plumbing and electrical adaptations. These
modifications incur additional costs and contribute to the overall
eco-footprint. In contrast, machines specifically designed for home
use that can operate without the need for specialised medical-grade
electrical installations or dedicated drainage systems, reduce both
logistical complexity and environmental impact. Such HD machines
are increasingly becoming available."5'¢ The not-for-profit
organization Home Dialysis Central maintains a website with HHD
devices that is periodically updated, available at:

https://homedialysis.org/home-dialysis-basics/machines-and-
supplies/hemodialysis-machines
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Fig 3: Strongly simplified diagram of a dialysate-regenerating HD system designed
for home use or travel.
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Patient nutrition: supporting both patient and planetary health

Due to the long times patients spend in dialysis clinics, they are often
provided with meals or snacks. As with general dietary patterns, a
vegetarian or vegan meal scheme can reduce the eco footprint of
food provision by up to three-quarters compared with animal-based
foods. Patients with kidney disease may be particularly susceptible
to components of conventional animal-based diets, such as sodium
and phosphate. Transitioning to plant-based in-dialysis meals may
therefore simultaneously contribute to the health of both the patients
and the planet by reducing the clinic’s footprint up to 10%.'” Ensuring
adequate protein intake from non-animal sources remains a key
consideration. These meals also provide an opportunity for patient
education on home dietary practices.

Reprocessing of haemodialysis filters

Although widely applied during the earlier decades of HD,
reprocessing of HD filters is now rarely used in Europe. This shift
was driven primarily by the reduced costs of dialyzers, which — from
an economical point of view — rendered reprocessing obsolete. From
a hygienic perspective, however, reprocessing dialyzers is feasible,
provided that each reprocessed dialyzer is reused exclusively for the
same patient (a condition that is readily met in the context of HHD).
Evidence from USA supports the safety of this approach.® Reflecting
this, the European Green Dialysis project KitNewCare is reintroducing
dialyzer reprocessing as a strategy to reduce environmental impact
(see also https://kithewcare.eu/).

The Future of Green Haemodialysis: eliminating the
extracorporeal blood circuit

The international standard IEC 60601-2-16 (which specifies the
requirements for HD devices), defines HD as follows:

“Process whereby concentrations of water-soluble substances in
a patient’s blood and an excess of fluid of a patient are corrected
by bidirectional diffusive transport and ultrafiltration across a semi-
permeable membrane separating the blood from the dialysis fluid”."®

This implies that, if the dialyser can be sufficiently miniaturised and
designed for very long-term durability, HD could be performed using
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an implantable filter. Such an approach would eliminate the need
for an extracorporeal blood circuit, leaving only an extracorporeal
dialysate circuit, for which a dialysate-regenerating system would be
a logical solution.

Two recently published reviews describe two ongoing projects (one
in USA, and another in EU) aimed at developing implantable HD
filters using chip-based technologies. ¢

heart is the b THE
iy (& M.
4 implanted
,HD filter

i dialysate
/ heat regenerator

dialysate
reservoir
heater

Fig 4: Concept for green dialysis: a) Simplified diagram of HD using an implanted
HD filter combined with an extracorporeal dialysate circuit (here shown with dialysate
regeneration); the heart forms the blood pump; b) Chip-based filter approach
developed from the University of California San Francisco and VanderBilt University,
featuring slit-shaped pores; c) Chip-based filter from the EU-based KIDNEW and
NXTGEN Hightech consortia.

Conclusion

HD is a life-sustaining therapy with a substantial environmental
footprint, characterised by high consumption of water and energy,
significant waste generation, and indirect impacts such as patient
transportation. At the same time, its environmental burden is closely
intertwined with patient care and is also associated with direct patient
exposure to micro- and nanoplastics. Importantly, many strategies
to reduce this footprint—such as prevention of CKD progression,
optimisation of dialysis prescriptions, improved water and energy
management, and expansion of home-based therapies—are fully
compatible with high-quality and PCC.
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The transition towards greener HD will depend on both the
optimisation of current practices and the development of innovative
technologies, including dialysate regeneration systems and
implantable devices. By aligning environmental responsibility with
clinical excellence, more sustainable kidney care can be delivered
without compromising patient outcomes.

Further sources of information:

In 2025 KDIGO organized a conference in Berlin for interdisciplinary
discussion on how dialysis might be made “greener’. Video
recordings of the summarizing discussions are freely available via:

https://kdigo.org/conferences/green-dialysis/

The resulting KDIGO report summarizing the outcomes was “open
access” published in 2026."

In 2026, the German Society for Nephrology published a web-based
carbon footprint assessment tool to benchmark haemodialysis
carbon footprints.?® A description is freely available via https://doi.
org/10.1093/ndt/gfaf263

In 2023 the Green Nephrology group of the Francophone Society
of Nephrology, Dialysis and Transplantation (SFNDT) published an
excellent report on practical measures in several French hospitals.?’
This guide is freely downloadable at:

https://www.era-online.org/wp-content/uploads/2023/09/SFNDT _
EN_guide-complet VF_HD.pdf

In the United Kingdom, an online carbon footprint calculator for in-
center hemodialysis was developed, see: https://ichdcarbon.org/

Models developed in specific countries may need to be adapted to
other local contexts, but they provide a valuable starting point.
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Epilogue
Home Haemodialysis, Person-Centred Care and the Future Role of Nephrology
Nurses

The story of HHD is, in many ways, the story of modern kidney care. Since its
early development, home haemodialysis has reflected a vision of care that extends
beyond the walls of the hospital and places individuals at the centre of their own
treatment journey. Throughout this guidebook, we have explored the historical
foundations of HHD, the technical and clinical requirements for safe treatment, the
importance of education and training, the psychosocial and ethical dimensions of
care, and the innovations that are shaping the future of dialysis. Collectively, these
chapters demonstrate that HHD is far more than a dialysis modality; it is a model of
care that challenges traditional assumptions about where healthcare takes place,
who delivers it, and how individuals participate in their own health management.

At the heart of this transformation lies a shift from provider-led care towards
partnership-based care. HHD requires healthcare professionals to move beyond the
role of treatment providers and become facilitators of learning, self-management,
and shared responsibility. At the same time, individuals undertaking HHD are no
longer passive recipients of treatment but active participants in decisions, treatment
delivery, and long-term disease management. This transition represents one of the
most significant cultural changes in nephrology practice over recent decades.

Within this evolving landscape, nephrology nurses occupy a unique and
indispensable position. Historically, dialysis nursing focused primarily on the
delivery and monitoring of treatment within hospital or satellite dialysis units. While
these responsibilities remain important, the expansion of HHD has broadened the
scope of nephrology nursing considerably. Today's nephrology nurses function not
only as clinical experts but also as educators, coaches, counsellors, advocates,
coordinators, and leaders.

The chapters in this guidebook repeatedly highlight the central role of nephrology
nurses across the continuum of HHD care. Nurses contribute to modality education
and informed decision-making, support vascular access management, provide
structured training, facilitate self-cannulation, assess readiness for independent
treatment, monitor safety and risk, deliver psychological support, and coordinate
long-term follow-up. They also play a key role in programme development,
quality improvement, and the implementation of emerging technologies. As HHD
programmes continue to grow internationally, the contribution of nephrology nurses
will become increasingly important in ensuring that care remains safe, effective,
and responsive to individual needs.

However, the future of nephrology nursing cannot be defined solely by technical
competence. The increasing complexity of healthcare, together with advances
in digital technologies, telehealth, artificial intelligence, and remote monitoring,
demands new professional capabilities. Nephrology nurses must be able to
interpret data, support digital literacy, navigate ethical challenges, and integrate
technological innovations into everyday care. Yet while technology will undoubtedly
influence the future of HHD, it should never become the defining feature of care.



A guidebook on home haemodialysis for nephrology
care team

The defining feature of future HHD programmes should instead be person-
centred care

PCC represents a fundamental commitment to recognising the individual as
a person first and a recipient of healthcare second. It acknowledges that every
individual brings unique experiences, values, goals, resources, and challenges that
influence how they live with kidney disease and how they engage with treatment.
In contrast to approaches that focus primarily on disease management, person-
centred care seeks to understand what matters most to the person and how
treatment can be integrated into their everyday life.

This perspective is particularly relevant in HHD because dialysis takes place within
the individual's own environment. Treatment becomes intertwined with family
life, employment, social relationships, personal aspirations, and daily routines.
Consequently, successful HHD cannot be achieved solely through clinical expertise
or technical proficiency. It requires healthcare professionals to understand the
broader context of people's lives and to work in partnership with them to develop
solutions that are both clinically appropriate and personally meaningful.

PCC also recognises that expertise is shared. Healthcare professionals contribute
clinical knowledge and evidence-based recommendations, while individuals
contribute expertise derived from living with kidney disease. The integration of these
forms of knowledge enables informed decision-making, supports self-management,
and promotes care that aligns with individual preferences and goals. For nephrology
nurses, this means embracing collaborative relationships characterised by mutual
respect, trust, and shared responsibility.

Looking forward, the future of HHD appears promising. Advances in portable and
wearable dialysis technologies, developments in telehealth and remote monitoring,
growing recognition of environmental sustainability, and increased emphasis on
home-based care all have the potential to expand access to HHD and improve
the experiences of those who choose this modality. At the same time, healthcare
systems will continue to face challenges related to workforce capacity, health
inequalities, digital inclusion, and equitable access to treatment options.

Addressing these challenges will require strong clinical leadership and continued
advocacy. Nephrology nurses will play a vital role in ensuring that innovations are
implemented responsibly, that emerging technologies remain aligned with ethical
principles, and that all individuals have equitable opportunities to access home-
based care. Their ability to bridge clinical expertise, education, psychosocial
support, and person-centred practice positions them uniquely to lead the next
phase of HHD development.

Ultimately, the success of HHD should not be measured solely by treatment
adequacy, programme growth, or technological advancement. It’s true success lies
in enabling people to live the lives they wish to live while managing kidney disease.
When individuals are supported to participate actively in decisions, develop
confidence in self-management, maintain meaningful roles and relationships, and
receive care that reflects their personal values and goals, HHD becomes more than
a treatment, it becomes a means of living well with kidney disease.
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As nephrology care continues to evolve, the enduring challenge will be to balance
innovation with humanity, technology with relationships, and clinical excellence with
person-centredness. By embracing these principles, nephrology nurses will remain
at the forefront of advancing home haemodialysis and shaping a future in which
care is not only delivered closer to home, but also closer to the person.
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